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The report of the Third Session of the Codex Ad Hoc Intergovernmental Task Force on Antimicrobial 
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Standards Programme, FAO, Viale delle Terme di Caracalla, 00153 Rome, Italy (Email: codex@fao.org, 
telefax : +39 06 57054593) before 31 March 2010. 

 



ALINORM 10/33/42 
 

i

TABLE OF CONTENTS 

 Page 

Summary and Conclusions     ii 

List of Abbreviations     iii 

Report of the Third Session of the Codex Ad Hoc Intergovernmental Task Force 
on Antimicrobial Resistance     1 

Summary of Status of Work     13 

 

Paragraph(s) 

Introduction       1-  4 

Adoption of the Agenda (Agenda Item 1)     5 

Matters Referred to the Task Force by the Commission and other Codex 
Committees (Agenda Item 2)      6 

Information of the Work by FAO, WHO and OIE on Antimicrobial Resistance (Agenda Item 3)     7 - 12 

Proposed Draft Guidelines for Risk Analysis of Foodborne Antimicrobial Resistance  
(N01-2008, N02-2008, N03-2008)  (Agenda Item 4)      13 -124 

Other Business and Future Work (Agenda Item 5)     125 

Date and Place of the Next Session (Agenda Item 6)     126 

LIST OF APPENDICES 

 Page 

Appendix I: List of Participants    14 

Appendix II: Proposed Draft Guidelines for Risk Analysis of Foodborne  
Antimicrobial Resistance    28 



ALINORM 10/33/42 
 

ii

SUMMARY AND CONCLUSIONS 

 

The Third Session of the Codex Ad Hoc Intergovernmental Task Force on Antimicrobial Resistance reached 
the following conclusions: 

Matters for Adoption by the Commission 

The Task Force agreed to forward the proposed draft Guidelines for the Risk Analysis of Foodborne 
Antimicrobial Resistance to the 33rd Session of the Commission for adoption at Step 5 (para. 124 and 
Appendix II).  
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INTRODUCTION 

1. The Codex Ad Hoc Intergovernmental Task Force on Antimicrobial Resistance held its Third Session 
in Jeju, Republic of Korea, from 12 to 16 October 2009, at the kind invitation of the Government of the 
Republic of Korea. Dr Kwang-Ho Lee, Director of Food Safety Evaluation Department, Korea Food and 
Drug Administration, presided over the Session. The Session was attended by 148 delegates from 43 
Member countries, 1 Member organization and Observers from 8 international organizations and FAO and 
WHO. A complete list of participants, including the Secretariat, is given in Appendix I to this report. 

2. The Session was opened by Dr Yeo-Pyo Yun, Commissioner, Korea Food and Drug Administration. 
Dr Yun welcomed the delegates and indicated that the development of the Guidelines for Risk Analysis of 
Foodborne Antimicrobial Resistance would contribute to the protection of consumers’ health. He also 
pointed out that the Task Force provided an opportunity for strengthening international co-operation and 
wished the delegates a pleasant stay in Jeju.  

3. Dr Seung-Hee Kim, General Director of National Institute of Food and Drug Safety Evaluation, also 
welcomed the delegates. Dr Kim noted that international food trade had increased during recent years and 
that consumers all over the world were paying more attention to food safety, and thus making the work on 
the Task Force very timely. Dr Kim briefly informed about the activities of the Korean surveillance 
programme on antimicrobial resistance and wished the delegates a successful work. 

Division of Competence 

4. The Task Force noted the division of competence between the European Community and its Member 
States, according to paragraph 5, Rule II of the Procedure of the Codex Alimentarius Commission, as 
presented in CRD 1. 

ADOPTION OF THE AGENDA (Agenda Item 1)1 

5. The Task Force adopted the Provisional Agenda as its Agenda for the Session. 

MATTERS REFERRED TO THE TASK FORCE BY THE COMMISSION AND OTHER CODEX 
COMMITTEES (Agenda Item 2)2 

6. The Task Force noted matters presented in document CX/AMR 09/3/2 regarding: general decisions of 
the 32nd  Session of the Commission; the adoption of the Guidelines for the Design and Implementation of 
National Regulatory Food Safety Assurance Programmes Associated with the Use of Veterinary Drugs in 
Food Producing Animals (CAC/GL  71-2009); and future work on animal feeding. 

INFORMATION ON THE WORK BY FAO, WHO AND OIE ON ANTIMICROBIAL RESISTANCE 
(Agenda Item 3)3  

7. The Representative of FAO, while referring to document CX/AMR 09/3/3, highlighted in particular, 
projects and workshops in the field of aquaculture to promote biosecurity and food safety through prudent 
and responsible use of antimicrobials.  

8. In response to a question on the possibility of extending such activities to other countries, the 
Representative of FAO indicated that projects of this nature were part of the ongoing work of FAO and that 
further activities could be undertaken based on specific requests. The Representative further informed the 
Task Force that the Guidelines on Risk Characterization of Microbiological Hazards in Foods, prepared by 
the Joint FAO/WHO Expert Meeting on Microbiological Risk Assessment (JEMRA), had been recently 
published. 

                                                      
1  CX/AMR 09/3/1; CRD 1 (Division of Competence Between the European Community and its Member States 

According to Rule of Procedure II  Paragraph 5 of the Codex Alimentarius Commission) 
2  CX/AMR/09/3/2 
3 CX/AMR/09/3/3 
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9. The Representative of WHO informed the Task Force of the establishment of a WHO Advisory Group 
on Integrated Surveillance (WHO-AGISAR) to support WHO activities on integrated surveillance and 
containment of foodborne antimicrobial resistance. The Representative also informed the Task Force that the 
World Alliance for Patient Safety Programme in WHO had elected "Antimicrobial Resistance" as topic for 
the Third Global Patient Safety Challenge. The challenge would be launched in 2010 and WHO was 
preparing a policy document with specific intervention and implementation strategies to control and contain 
antimicrobial resistance in various areas, including animal husbandry. 

10. The Observer of OIE informed the Task Force on OIE’s activities to promote the responsible and 
prudent use of antimicrobials and to favour a harmonized approach to surveillance and monitoring of 
antimicrobial resistance, based on the development and regular updating of international standards and 
guidelines published in the Terrestrial Animal Health Code (4 chapters) and Manual (1 chapter); and that OIE 
was currently developing similar standards related to aquaculture. OIE activities to support its Members 
include: the development of tools to evaluate the performance of veterinary services (the OIE-PVS and PVS 
Gap analysis); a laboratory twining programme; support to modernize or update Members’ national 
legislation for marketing approval and control of veterinary products; and implementation of a coherent 
communication and training programme directed to OIE Delegates and designated focal points on veterinary 
products.   

11. The Representative of WHO further informed the Task Force about ongoing discussion between FAO, 
OIE and WHO on future activities related to antimicrobial resistance.  

12. The Task Force thanked FAO, WHO and OIE for the information submitted. 

PROPOSED DRAFT GUIDELINES FOR RISK ANALYSIS OF FOODBORNE ANTIMICROBIAL 
RESISTANCE (N01-2008, N02-2008, N03-2008) (Agenda Item 4)4 

13. The Delegation of United States of America, speaking as the Chairperson of the electronic working 
group on the development of proposed draft guidelines, briefly introduced document CX/AMR 09/3/4. The 
Task Force noted that the electronic working group had prepared a consolidated document, which took into 
account the decisions of the previous session and attempted to include and reconcile all comments received. 

14. The Task Force expressed it appreciation to the electronic working group and generally supported the 
recommendation that the proposed draft Guidelines be progressed in the Step procedure.  

General comments 

15. The Task Force noted that the electronic working group put forward several issues, which required 
further discussion at the present session. The Task Force considered those issues and made the following 
decisions: 

Introduction and Scope 

16. The Task Force agreed with the inclusion of a new “Scope” section for the consolidated document and 
the retention of relevant introductory information under each section.  

General Principles 

17. The Task Force noted that the electronic working group could not reach consensus as to the inclusion 
of a general principle to address animal health and welfare. It agreed that this matter would be discussed 
when considering the document in detail (see paras 54-55).  

                                                      
4  CX/AMR 09/3/4; CX/AMR 09/3/4 Add.1 (Comments of: Argentina, Australia, Indonesia, New Zealand, Norway, 

Philippines, CI, CIAA, IDF, IFAH and OIE); CX/AMR 09/3/4 Add.2 (Comments of: Canada, Japan, Republic of 
Korea and United States of America); CX/AMR 09/3/4 Add.3 (Comments of: Costa Rica, European Community and 
Kenya); CRD 2 (Comments of Thailand); CRD 4 (Comments of United States of America); CRD 4 (Comments of 
United States of America); CRD 5 (Report in-session working group on revision of Table 1); CRD 6 (Comments of 
Canada; suggested revision paras 51-63); CRD 7 (Report in-session working group on monitoring and surveillance);  
CRD 8 (Comments of United States of America); CRD 9 (Comments of United States of America); CRD 10 (Report 
in-session working group on figures); CRD 11 (Report in-session working group on definitions); CRD 12 
(Comments of United States of America). 
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Organization of Risk Management Activities 

18. After some discussion, the Task Force agreed to the current structure of the document, which 
described risk analysis of foodborne antimicrobial resistance in a chronological sequence of events in order 
to improve the readability and applicability of the document.  

Long document/specific to Antimicrobial Resistance (AMR) vs. short document /more general 

19. The Task Force agreed that the guidelines should be practical, relevant, specific to foodborne AMR 
and not overly prescriptive. Therefore, it was agreed to shorten the document, where possible, to avoid 
repetitions and not to duplicate other existing Codex documents, while ensuring Guidelines’ readability and 
usefulness. 

Risk Communication 

20. The Task Force acknowledged that risk communication was an essential element of the risk analysis 
process and applied throughout the entire risk analysis process. The Task Force agreed that the section on 
risk communication could be shortened and made more specific to antimicrobial resistance, where possible.  

References 

21. The Task Force agreed to remove the “Reference” section and to footnote relevant references 
throughout the document, consistent with the format of other Codex texts. 

Elements of a Risk Profile 

22. The Task Force noted that the electronic working group had revised the “Risk profile” section to 
reinforce the concept that a risk profile was an information-gathering exercise and not an “abbreviated” risk 
assessment. The revised section listed the fundamental elements required and emphasized the concept that 
risk profile should be flexible to fit the nature and the complexity of the food safety issue. The Task Force 
agreed to revise the section to make it consistent with other parts of the document. It further agreed that the 
inclusion of an Appendix to describe the elements of a risk profile would be discussed after revising the 
section (see paras 62-63).   

Broad Risk Management Goals 

23. The Task Force agreed to consider this section in detail (see para. 65). 

Figure 2, Schematic showing the scope and relationship of the components of AMR risk assessment / 
Figure 3, Schemes for hazard characterization in AMR risk assessment 

24. The Task Force agreed to revise the figures included in the document to ensure that they properly 
reflect the content of the document and are relevant to the text. 

Placement of supplemental Risk Management Options (RMO) 

25. The Task Force noted that different views were expressed regarding the content and placement of 
supplemental antimicrobial resistance RMOs.  

26. Some delegations and one observer were of the view that the table on RMOs be placed in an appendix, 
as these were only examples of antimicrobial resistance RMOs and that the structure of the Guideline follow 
the structure of the Working Principles of Risk Analysis for Food Safety for Application by Governments 
(CAC/GL 62-2007). 

27. Many other delegations were of the view that the Table on RMOs should be revised and placed in the 
main body of the Guidelines in order to help in identifying, evaluating, selecting, implementing and 
monitoring and reviewing RMOs with emphasis on aspects related to foodborne AMR. 

28. After some discussion, the Task Force agreed to maintain the Table in the main body of the Guidelines 
and agreed to establish an in-session working group to review the content of the Table based on comments 
received for consideration by the Plenary (see para. 32). 
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Monitoring of RMOs versus surveillance of AMR  

29. The Committee noted that a new section to address monitoring and surveillance of antimicrobial usage 
and antimicrobial resistant microorganisms and antimicrobial resistance determinants had been introduced to 
avoid confusion about the difference between monitoring and review of RMOs and monitoring and 
surveillance of antimicrobial usage and antimicrobial resistant microorganisms and antimicrobial resistance 
determinants.  

Other matters (definitions) 

30. The Task Force agreed to remove from the “Definition” section the definitions already included in the 
Codex Procedural Manual and to incorporate in the text of the Guidelines the definitions of terms which 
appeared only once. 

31. The Task Force noted that it was necessary to ensure that the definitions presented in the Guidelines 
be consistent with definitions already elaborated by FAO/WHO or by the Codex Alimentarius Commission. 

Specific comments5 

32. In view of the many comments submitted on several parts of the proposed draft Guidelines and in 
order to facilitate the discussion of the Plenary, the Task Force agreed to establish the following in-session 
working groups on: 

• Table 1 “ Examples of Risk Management Options Supplemental to Codex Code of Practice”, under the 
chairmanship of United States of America (CRD 5); 

• “Monitoring and Surveillance” Section, under the chairmanship of European Community (CRD  7); 

• Figures 1,2 and 3 and related paragraphs, under the chairmanship of Canada (CRD 10); and 

• Definitions, under the chairmanship of Denmark (CRD 11). 

33. The Task Force agreed to consider the proposed draft Guidelines paragraph by paragraph. In addition 
to some minor editorial changes, including amendments to the French and Spanish translations, it agreed to 
the following: 

34. The Task Force agreed to refer to “foodborne antimicrobial resistance” (abbreviated “foodborne 
AMR”) rather than AMR, where appropriate throughout the text. 

Introduction 

35. The Task Force did not agree to the proposal to amend the first sentence of paragraph 1 to state that 
antimicrobial resistance poses a greater risk not only to human but also to animal health. The third sentence 
was amended to improve its clarity and to ensure consistency with the terminology used in other parts of the 
document. 

36. The fifth sentence of paragraph 2 was amended to also refer to the potential public health impact of 
antimicrobial resistant microorganisms not only from animals but also from crops.   

37. In paragraph 3, the first sentence was amended to include reference to aquaculture for consistency 
with other part of the document; and the last sentence was deleted as redundant and too restrictive. 

38. The Task Force revised paragraph 4 to better clarify the relationship of preliminary risk management 
and risk assessment.  An additional sentence was added to clarify that risk managers were responsible to 
verify that implemented risk mitigation measures were achieving the intended results. An additional 
paragraph was inserted to explain the structure of the document and thus improving its readability. 

39. Additional references to Codex texts were included in paragraph 5; and the numbers of specific 
chapters of the OIE Terrestrial Animal Health Code were deleted because they could change during the 
revision of OIE Code. 

                                                      
5  Section’s headings and paragraph’ numbers listed below are related to document CX/AMR 09/3/4. 
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40. The United States of America proposed to: include appropriate references to international trade 
obligations under paragraph 5 by adding “These guidelines should be applied in a manner consistent with 
countries WTO SPS obligations and other international agreements, as appropriate”. However, the Task 
Force did not support the proposal. The Secretariat also clarified that not all Codex members were members 
of WTO and that all Codex texts were voluntary in nature and therefore reference to SPS were not 
appropriate in this text. 

Scope 

41. The Task Force noted that the revised first paragraph of the “Scope” section might give the impression 
that veterinary, plant and plant processing sources of antimicrobial use as well all microorganisms have 
identical importance in foodborne antimicrobial resistance; however, after some discussions and in view that 
situation might change in the future, the Task Force agreed to retain the paragraph with some editorial 
changes. 

42. The Task Force agreed to add footnotes in paragraph 7 to clarify the source of definitions on 
recombinant-DNA plants and recombinant microorganisms; non-genetically modified microorganisms and 
probiotics, which could be intentionally added to food for technological or nutritional purposes.  

Definitions 

43. The Task Force expressed its appreciation to the in-session working group for their work (see para. 32) 
and decided to base its consideration on the proposals as contained in CRD 11 and, made the following 
decisions.  

44. The Task Force agreed to the proposal of the in-session working group to delete all definitions taken 
from the Codex Procedural Manual. The Task Force considered the definitions that the in-session working 
group had not been able to agree upon and deleted the definitions on: exposure assessment, hazard, risk 
manager and weight of evidence. 

45. The Task Force agreed to move the definition of terms which occurred only once in the Guidelinese as 
footnotes in relevant parts of the document. These terms include: antimicrobial class, appropriate level of 
protection (ALOP), HACCP and responsible use guideline. The definition on responsible use guideline, 
inserted as a footnote in Table 1, was amended to include a reference to the Code of Practice to Minimize 
and Contain Antimicrobial Resistance (CAC/RCP 61-2005).  

46. The Task Force further agreed to insert two new definitions on food producing animal and on 
interpretive criteria and not to include definitions on feed and DALYs, because: the first was already defined 
in the Code of Practice on Good Animal Feeding (CAC/RCP 54-2004); and the second had been deleted 
from the document as a result of the discussion on “Risk Characterization” section. 

47. The Task Force considered the remaining definitions and made the following modifications: 

• The term antimicrobial was amended to read “antimicrobial agent”, as presented in the report of the 
Joint FAO/OIE/WHO Expert Meeting on Critically Important Antimicrobials (Rome, 2008);  

• The definition on commensal was amended by deleting its last part for clarity; and “rare” was changed 
with “certain”; 

• The definition on extra- and off-label use was amended by deleting the reference to “non human”; 

• The definition of food chain partner was deleted as the Task Force agreed to use “interested parties“ 
throughout the text; 

• The definition on pathogen was amended to read “A microorganism that can causes infection, ilness or 
diseases”; 

• The definitions on pre-harvest and post-harvest were deleted as they were considered not necessary 
for the scope of the guidelines;  

• The definition on resistance determinant was amended to make it clear that it refers to antimicrobial 
resistance determinant. 
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General Principles for Foodborne AMR Analysis  

48. The references to CAC/GL 30-1999 and CAC/GL 63-2007 were moved from paragraph 9 to 
Principle  5. 

49. Principle 1 was amended to clarify that foodborne AMR should consider the impact of AMR on 
human health because of non-human uses of antimicrobials. 

50. Some editorial amendments were made in Principles 2 and 3 for clarity.  

51. In Principle 4 the reference to “pattern of resistant microorganisms” was deleted and the second part of 
sentence was reordered for clarity. 

52. Principle 5 was amended to make it clearer that foodborne AMR-risk analysis should consider 
consequences to treatment of diseases resulting from antimicrobial resistant microorganisms. 

53. The Task Force agreed to reword Principle 6 as follows: “Foodborne AMR risk analysis should focus 
on clearly defined combinations of the food commodity, the microorganism/resistance determinant and the 
antimicrobial to which resistance was expressed. Co-resistance should be considered in certain situations”. 
It further agreed to use “combination of the food commodity, the microorganism/resistance determinant and 
the antimicrobial to which resistance was expressed” consistently throughout the document. 

54. The Task Force discussed a proposal to include a new Principle on animal welfare and health. New 
Zealand was opposed to the inclusion of the reference to animal welfare and pointed out that the Codex 
Alimentarius Commission had promulgated statements of Principle Concerning the Role of Science in the 
Codex Decision-Making Process and the Extent to Which Other Factors are Taken Into Account; and had 
adopted Criteria for Other Factors Referred to it in the Second Statement of Principle, which state that 
“Recognizing that some legitimate concerns of governments when establishing their national legislation are 
not generally applicable or relevant worldwide”. The Delegation emphasized that the Working Principles for 
Risk Analysis for Application in the Framework of the Codex Alimentarius highlighted that risk analysis 
should be conducted in accordance with these Statements of Principle. This view was supported by number 
of delegations. 

55. The Task Force noted that animal welfare was outside the mandate of the Codex Alimentarius 
Commission. The Task Force also noted that animal health aspects related to food safety were addressed in 
other Codex documents, e.g.  the Code of Hygienic Practice for Milk and Milk Products (CAC/RCP 57-
2004) and the Code of Practice on Good Animal Feeding (CAC/RCP 54-2004) and that OIE was responsible 
for standards on animal health. Therefore, it agreed to add a new Principle 8, which reads: “Evaluation of 
pre-harvest foodborne AMR-risk management options should include, whenever appropriate, animal health 
aspects relevant to food safety. Foodborne AMR-risk analysis when considering such animal health aspects 
should take into account relevant OIE standards.”.  

Framework for foodborne AMR-Risk Analysis  

56. The Task Force agreed with the proposal of the in-session working group to substitute paragraph 10 
with a new paragraph, as proposed in CRD 10. The Task Force agreed to the content of Figure 1, as proposed 
by the in-session working group in CRD 10, with the inclusion of an additional note to clarify the 
relationship of surveillance and foodborne AMR-risk analysis. 

57. The Task Force agreed to delete paragraphs 11, 12 and 13 as they were not specific to foodborne AMR 
or already covered in other parts of the document. 

Preliminary risk management activities 

58. The reference to animal feed and aquaculture was deleted in the first sentence of paragraph 14 and it 
was clarified that potential for food safety might arise when AMR microorganisms or antimicrobial 
resistance determinants were present and/or transmitted to humans via food. The last sentence was deleted as 
its concept was covered in the “Introduction” and “Scope” sections. 

Identification of an AMR food safety issue 

59. The Task Force noted that paragraph 15 was too prescriptive and that examples given were covered 
elsewhere in the document; therefore, it agreed to retain only the first sentence and to include a reference to 
the relevant paragraph on source of information. 
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Development of an AMR-risk profile 

60. The Task Force agreed to amend the second bullet point in paragraph 17 to make it consistent with 
food commodity and AMR combinations, as agreed earlier (see para. 53). Some delegations proposed to 
delete the reference to national/regional authorities in the third bullet point, as they were of the view that 
only international lists of critically important antimicrobial lists should be considered. It was noted that some 
countries and regional organizations had developed their own lists of critically important antimicrobials and 
that some antimicrobial agents could be used differently in various countries and regions. Therefore, the Task 
Force agreed to maintain the reference to national/regional authorities. A new bullet point regarding list of 
current control measures was added. 

61. Paragraph 18 was deleted as its content was already covered in paragraph 17; and the last part of 
paragraph 19 was deleted to make it more concise. 

62. The Task Force discussed the proposal to reinsert the Appendix containing elements for risk profile on 
the basis of a proposal of the United States of America, as presented in CRD 3. Some delegations were of the 
view that the Appendix included useful information and provided clarity to the document; other delegations 
opposed the reinsertion of the Appendix as, in their view, it could add more confusion on this matter.  

63. The Task Force considered a revised Appendix, prepared by the United States of America and 
presented in CRD 12. In view of time constraints, the Task Force agreed to put the entire Appendix in square 
brackets for consideration at its next session. 

Ranking food safety issues and setting priorities for risk assessment and management 

64. The Task Force agreed to delete the last sentence in paragraph 22 and the three related bullet point to 
reduce redundancy and clarify the text. 

Establishment of broad risk management goals 

65. The Task Force noted that concepts covered in paragraphs 23 to 26 were not specific to foodborne 
AMR and were covered elsewhere; therefore, it agreed to their deletion with the exception of the first 
sentence of paragraph 23 on risk managers’ responsibilities. 

Commission the AMR-risk assessment 

66. The Task Force agreed to delete paragraph 28, including relevant bullet points and with the exception 
of the first sentence containing provisions related to responsibilities of risk managers in commissioning a risk 
assessment.  

Consideration of results of AMR-risk assessments 

67. The Task Force noted that paragraphs 30 and 31 were related to the consideration of results of 
foodborne AMR-risk assessments; therefore, it decided to move these paragraphs to the end of the section on 
risk assessment. 

AMR-risk assessment 

Sources of information 

68. The Task Force agreed to delete the reference to “weight evidence approach” in paragraph 33 as it was 
not appropriate in this section. 

69. The Task Force considered different proposals put forward by delegates to improve clarity of bullet 
points in paragraph 34, which listed possible sources of information. After some discussion, the Task Force 
agreed to replace greater part of the first bullet point with a reference to relevant paragraphs of the section on 
surveillance programmes. 

70. Brazil proposed to change “sporadic” to “endemic” cases in the second bullet point; the Task Force 
noted that epidemiology always consider sporadic cases and therefore it agreed to retain the bullet point 
unchanged. Brazil expressed their reservation to this decision. 

71. The Task Force further agreed:  

• To delete the last sentence of the fifth bullet point, as difficulties in the interpretation of information 
were outside the scope of the section;  
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• To delete the sixth bullet point as redundant; 

• To move the reference to transferring genetic elements and other elements in seventh bullet point to 
the eighth bullet point;  

• To insert a reference to regional data at the end of the ninth bullet point to recognize their importance 
in laboratory trials; and  

• To add two new bullet points on: science-based and sound expert opinions; and on field and laboratory 
data that study the environmental persistence and residue levels of antimicrobial agents in the 
plant/crop trials. 

Process of AMR-risk assessment 

72. The Task Force agreed with the proposal of the in-session working group on Figures 1, 2 and 3 (see 
CRD 10) to delete Figure 2; therefore the reference to this figure was deleted from the relevant paragraph 
proposed by the in-session working group and the paragraph was amended to refer to the content of the 
figure. 

Hazard identification 

73. In paragraph 38, the second sentence was amended to make it consistent with previous decision on 
combinations to be considered during foodborne AMR-risk analysis and two new sentences were added to 
clarify the content of the paragraph. Additional wording was inserted in the second sentence to clarify the 
nature of preliminary risk management activities. The last sentence was amended by deleting the reference to 
studies on surrogate microorganisms and to emphasize that science-based opinions on hazard identification 
could be sought from relevant experts. 

Exposure assessment 

74. The Task Force agreed to new wording of paragraph 39 proposed by the in-session working group, as 
presented in CRD 10, with minor editorial amendments. 

Hazard characterization 

75. The second sentence of paragraph 42 and the fifth sentence in paragraph 44 were amended to clarify 
that they referred to hazard characterization rather that AMR-risk assessment. 

76. The Task Force agreed to the proposal of the in-session working group for paragraph 43, as presented 
in CRD 10; it agreed to refer to “adverse health effect” instead of “disease” and to other minor changes to 
improve the clarity of the text. The Task Force had a discussion whether to maintain the revised Figure 
“Example for Consideration of Foodborne AMR Exposure Assessment and Hazard Characterization”.  

77. The Observer from IFAH was not in favor of retaining the proposed figure and indicated that in the 
third set of arrows, under Hazard Characterization, there were references to terms, such as quantitative, semi-
quantitative and qualitative models that were not reflected or explained in the document. Some other 
delegations supported retaining the figure as, in their view, it was useful and provided examples which could 
help in understanding foodborne AMR exposure assessment and risk characterization. 

78. The Task Force agreed to retain the Figure and to amend its title to refer to examples for foodborne 
AMR exposure assessment and hazard characterization; the Task Force also clarified the second bullet point 
in the horizontal arrow, under exposure assessment and inserted “exposure” before pathways and “and 
dissemination” in the left vertical box on selection for Antimicrobial Resistant Microorganism / 
Antimicrobial Reistance Determinant (AMRM/AMRD). The Task Force agreed to delete the square brackets 
in the left vertical box on hazard characterization. 

Risk characterization 

79. The Task Force agreed to replace the first two sentences in paragraph 45 with the first sentence of 
paragraph 48 to improve its readability; and to remove the example of specific output in the fourth sentence. 
The example of DALYs (disability adjusted life years) was removed in paragraphs 45 and 47. 
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80. The last bullet point of paragraph 48 was replaced with the corresponding bullet point agreed by the 
2nd Session of the Task Force6. 

AMR-Risk Management 

81. The Task Force agreed to consider paragraphs 51-63, i.e. “Risk Management” chapter up to and 
including “Identification of AMR-RMOs” section, based on a proposal from Canada, as contained in CRD 6. 
The Task Force agreed to replace paragraphs 51-63 with the new paragraphs 51-60 and made the following 
changes. 

82. The Task Force agreed to revise the title of the chapter to “Foodborne AMR-Risk Management” for 
consistency with previous decisions.  

83. In paragraph 517, the Task Force changed “national and regional authorities” with “risk managers” to 
recognise the responsibility of different organizations for risk management activities; the last part of the 
sentence was amended to clarify that the risk of foodborne antimicrobial resistant microorganisms and 
resistance determinants is linked to, and is not arising from, the non-human use of antimicrobials. 

84. The list of Codex codes of practice, listed under paragraph 54, was updated to include the Guidelines 
for the Design and Implementation of National Regulatory Food Safety Assurance Programmes Associated 
with the Use of Veterinary Drugs in Food Producing Animals (CAC/GL 71-2009) and to list the texts along 
the production to consumption continuum.  

Identification of AMR-RMOs 

85. The Task Force amended the first part of paragraph 56 to improve its readability. “Food chain 
partners” was changed with “interested parties” in paragraphs 56 and 58 for consistency with previous 
decision. At the end of paragraph 60, the Task Force added “and resistance determinants” for consistency. 

Table 1. Examples of Risk Management Options Supplemental to Codex Code of Practices 

86. The Task Force agreed to replace Table 1 with the proposal prepared by the in-session working group 
(see para. 32), as contained in CRD 5. The Task Force considered those parts of the revised Table 1 that 
were put in square brackets for further discussion in plenary and agreed to the following. 

Title of the Table 1 

87. The Task Force agreed to delete the text in square brackets, recognising that the table included 
examples of options.  

Animal feed production 

88. The Task Force agreed to delete the two bullets points. It further deleted the square brackets from the 
last paragraph, which was revised to make the example more specific. 

Food animal production 

89. The Task Force agreed to delete the texts in square brackets and to change “veterinary medicinal 
products” with “veterinary antimicrobial drugs” in regulatory and non-regulatory controls, as this term was 
defined in the Code of Practice to Minimize and Contain Antimicrobial Resistance (CAC/RCP 61-2005). 

Food crop production 

90. The Task Force agreed: to delete all the texts in square brackets not agreed by the in-session working 
group; and to refer to “viable microorganisms” instead of “probiotic supplements”. The Task Force further 
decided to move the paragraph on the evaluation of viable organism used in food and in feed crop production 
to “Regulatory controls” sub-section. 

                                                      
6 See ALINORM 09/32/42, Appendix II 
7 Paragraph numbers included in this section refer to CRD 6 
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Waste management 

91. The Task Force agreed: to revise the language of the first paragraph to make it consistent with the 
other parts of the table and to add “manure and other natural fertilizers” in the parenthesis related to human 
and animal waste; to delete the four bullet points, which was in square brackets; and to make the fifth bullet 
point on the example of design of treatment procedures more specific.  

Post Harvest Option 

92. The Task Force considered a proposal to revise the first paragraph on post-harvest risk management 
options. After some discussion it agreed to the following text “Prevent food containing AMR microorganisms 
from reaching the consumer when identified as constituting a risk to public health that requires urgent action. 
If already placed in the market, it may be appropriate to withdraw such food on the market for reprocessing 
or destruction”. 

Evaluation of AMR-RMOs 

93. In paragraph 65, the Task Force agreed to: 

• Amend the first bullet point for clarity; 

• Delete the third bullet point as it was very difficult to get an agreement on all aspects of consideration 
of cost/benefit analysis; 

• Delete the fourth bullet point regarding the reference to WTO SPS implications. The United States of 
America expressed their reservation to this decision (see also para. 40); and  

• Add a new bullet point regarding verification of the correct implementation of RMOs. 

94. Paragraph 67 was deleted as it was already covered by Principle 8 and in paragraph 66.  

95. The Task Force revised paragraph 69 for clarity and paragraph 70 to be consistent with Principle 6. 

Selection of AMR-RMOs 

96. In paragraph 71, the Task Force revised specific food and AMR combinations to be consistent with its 
previous decision; and deleted paragraph 72 as information of this paragraph was contained in other Codex 
texts. 

97. Paragraph 73 was amended for clarity; and paragraph 75 was deleted as its content was already 
addressed in Table 1. 

Implementation of AMR-RMOs 

98. The Task Force noted that paragraphs 76 and 77 were redundant and not specific to foodborne AMR; 
therefore, it agreed to delete the last two sentences in paragraph 76 and all paragraph 77. The Task Force also 
agreed to add additional wording to paragraph 76 regarding responsibilities of national/regional authorities in 
ensuring regulatory framework and infrastructure. 

Monitoring and review of AMR-RMOs 

99. The Task Force noted that this section has been revised by the in-session working group on monitoring 
and surveillance (see para. 32); and therefore, it agreed to base its consideration on the proposal presented in 
CRD 7. 

100. The Task Force agreed to amend the last sentence of paragraph 79 to accommodate bullet points 
regarding effectiveness of measuring RMOs, which were moved from Appendix 3 (see also para. 121). 

101. The paragraph 81 was deleted as its content was already covered by revised paragraph 82. 

Surveillance of antimicrobial use and antimicrobial resistant microorganisms and determinants 

102. The proposed new paragraph 84 was revised for clarity. 

AMR-Risk Communication 

103. In order to simplify and shorten this section, the Task Force agreed to delete paragraph 87 and 
paragraphs from 91 to 97, as they were of a very general nature and not specific to antimicrobial risk analysis.  
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104. The last sentence in paragraph 88 was deleted as it was reiterating the previous phrase and a reference 
to Figure 1 was added in paragraph 89. 

105. The first sentence of paragraph 90 was amended to clarify that interested parties were engaged in food 
safety decision making “routinely” and the last part of this sentence was deleted.  

106. The Task Force noted that it was important for antimicrobial resistance risk analysis to also consult 
public health experts and medical professionals; therefore, it amended the second sentence of paragraph 90 
to this effect. The Task Force deleted the last part of the sentence as there was no need to specify in detail 
which problems, priorities and strategies should be discussed together by all interested parties. 

Risk communication as a risk management tool 

107. Some minor editorial amendments were made in paragraphs 99 and 102. 

108. Paragraph 100 was amended to make it less prescriptive and additional wording was added to the end 
of the paragraph to emphasize that activities foreseen were targeted to decrease foodborne antimicrobial 
resistance. 

Appendix 1. Suggested elements for consideration of AMR-Risk assessment  

109. The Task Force, in addition to minor editorial changes, agreed to the following changes: 

• The introductory paragraph was amended to clarify that the list of presented elements was only for 
illustration and was not exhaustive; 

• The heading on the purpose and scope was deleted as it did not contain any elements; 

• The first and second bullet points in section 2.3 were amended to clarify that they referred to 
phenotypic and genotypic characterization rather than species/strains; and  

• Two new bullet points on AMR surveillance data and pathogenicity, virulence and their linkage to 
resistance were inserted at the end of this section. 

110. It was noted that section 2.4 “Potential adverse effects in humans” was more relevant to hazard 
characterization; therefore, the two bullet points of this section were moved to section 4.3 “Human host and 
adverse health effects”. Section 2.5 “Relationship of presence of antimicrobial resistance microorganisms or 
determinants in/on food and potential adverse human health impacts” was deleted as it was covered 
elsewhere in the text. 

111. In “Exposure assessment” section, the Task Force noted that there was a need to distinguish elements 
at population and individual levels; therefore, it agreed to revise the first white sub-bullet point to read 
“Attributes of antimicrobial use at the population level” and the second white sub-bullet point to read 
“Attributes of antimicrobial use at the individual level”. 

112. The black bullet point on other possible sources of AMR microorganisms for target animal/crop was 
revised to clarify that it covers sources but not prevalence of AMR microorganisms. 

113. The Task Force noted that bullet points in Section 3.2 referring to “prevalence and level” of resistant 
microorganisms should refer to “frequency and concentration” for consistency with other Codex documents. 

114. The Task Force further agreed to delete: 

• The first sub-bullet point under “Food processing factors” as redundant; 

• The two last bullet points in Section 3.3 on “Transfer of hazard”, as they were adequately covered by 
the first bullet point of the Section. 

115. In “Hazard characterization” section, the Task Force deleted section 4.1 “Resistant microorganism and 
resistance determinants” as the elements described therein were relevant to hazard identification and not to 
hazard characterization. 

116. The Task Force further moved the last bullet point on food matrix related factors to section 4.3 
“Human host and adverse health effects” as more appropriate; and deleted section 4.2 “Antimicrobials” as it 
was covered by bullet points 7 in section 4.3. 
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117. In section 4.3, the Task Force amended: 

• The bullet point on epidemiological pattern to clarify that this element covered outbreak or sporadic 
cases; and 

• The bullet point on the overall antimicrobial drug importance ranking to read “Importance of 
antimicrobial drug in human medicine”; 

118. In “Risk characterization” section, the Task Force agreed: 

• To amend the first bullet point of section 5.1 “Factors in risk estimation” to clarify that resistant strains 
of microorganisms were attributable to foodborne sources; and  

• To add a new bullet point regarding potential effect on animal health relevant to food safety in 5.2 
“Evaluation of RMOs”. 

Appendix 2. Examples of Qualitative AMR-Risk Assessment 

119. In Example 1 “Illustrative Exposure Assessment Scoring”, the Task Force deleted the numerical scores 
on probabilities, as their interpretation might not be universally acceptable. No other changes were made in 
other parts of the Appendix. 

Appendix 3. Suggested endpoints for monitoring the effectiveness of AMR-Risk Management 
Measures 

120. The Task Force noted that the Appendix listed endpoints for both evaluation of effectiveness of risk 
management measures and monitoring the effectiveness of foodborne AMR management measures and that 
this mixed listing of elements might create confusion. Therefore, it agreed to retain bullet points #1-3, 9 and 
13, which were specific to monitoring of effectiveness of foodborne AMR management measures.  

121. A new bullet point was inserted to monitor the effects of risk management measures in food products 
at slaughter and/or harvest. The Task Force agreed to eliminate the Appendix and to move the remaining 
content to the “Monitoring and review of foodborne AMR-RMOs” section of the Guidelines (see para. 100). 

Conclusions 

122. In concluding its discussion on the proposed draft Guidelines, the Task Force acknowledged the 
substantial progress made during the session.  

123. In order to facilitate the discussion and the finalisation of the document at its next session, the Task 
Force agreed to establish a physical working group, under the chairmanship of Canada and working in 
English, French and Spanish, which should meet immediately prior to its next session to further consider 
Appendix 1 “Elements of Risk Profile” and prepare a revised document on the basis of comments submitted 
for consideration of the Plenary. 

Status of the proposed draft Guidelines for Risk Analysis of Foodborne Antimicrobial Resistance 
(N01-2008, N02-2008, N03-2008) 

124. The Task Force agreed to forward the proposed draft Guidelines to the 33rd Session of the Commission 
for adoption at Step 5 (see Appendix II). 

OTHER BUSINESS AND FUTURE WORK (Agenda Item 5) 

125. The Task Force noted that no other business had been put forward. 

DATE AND PLACE OF NEXT SESSION (Agenda Item 6) 

126. The Task Force was informed that its Fourth Session was tentatively scheduled to be held in one year 
time, subject to further discussions between the Korean and Codex Secretariats. 
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Secretariate Codex Contact Point Indonesia 
Manggala Wanabhakti Block 4th, 4th Floor, JI. Gatot Subroto, 
Senayan, Jakarta 
Indonesia 
Phone: +62 21 5747043/44 
Fax: +62 21 5747045 
E-mail: ning@bsn.go.id 

Dr Anni KUSUMANINGSIH 
Indonisian Centre Research Institute for Veterinary 
Science(ICRIVS) 
JL. RE. Martadinata No.30, Jawa Barat 
Indonesia 
Phone: +62 251 331048 
Fax: +62 251 336425 
E-mail: balitvet@indo.net.id 

IRAQ 

Mr Fareed MOHAMMED 
Bacteriologist 
Iraq-Baghdad/Ministry of Health 
Central Public Health laboratory 
Phone: +009647903392908 
E-mail: fathiilham@hotmail.com 

IRELAND – IRLANDE - IRLANDA 

Dr John EGAN 
Senior Superintending Research Officer  
Department of Agriculture, Fisheries & Food 
Backweston Campus, Young;'s Cross Celbridge Co. Kildare  
Ireland 
Phone: +353 1 6157138  
Fax: +353 1 6157116  
E-mail: john.egan@agriculture.gov.ie 
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ITALY-ITALIE-ITALIA 

Ms Alessandra PERRELLA 
Veterinary Manager 
Ministry of Labour Health and welfare 
Via G.ribotta, 00144-Rome 
Italy 
Phone: +06 5 994 6822  
Fax: +06 5 994 6949  
E-mail: a.perrella@sanita.it 

Ms Loturco BRUNELLA 
Ministry of Agriculture 
Via XX Settembre 20-Rome 
Italy 
Phone: +39 0646656042  
Fax: +39 06 4880273  
E-mail: B.loturco@politicheagricole.gov.it 

JAPAN - JAPON - JAPÓN 

Ms Keiko AKIMOTO 
Officer 
Plant Products Safety Division 
Food Safety and Consumer Affairs Bureau,  
Ministry of Agriculture, Forestry and Fisheries 
1-2-1 Kasumigaseki, Chiyoda-ku  
Tokyo 100-8950 
Japan 
Phone: +81 3 3592 0306 
Fax: +81 3 3580 8592 
E-mail: keiko_akimoto@nm.maff.go.jp 

Dr Takako YANO 
Section Chief 
International Affairs Division 
Ministry of Agriculture, Forestry and Fisheries 
1-2-1 Kasumigaseki, Chiyoda-ku Tokyo 100-8950 
Japan 
Phone: +81 3 5512 2291 
Fax: +81 3 3507 4232 
E-mail: takako_yano@nm.maff.go.jp 

Mr Hiromitsu HOSHINO 
Technical Officer 
Ministry of Health, Labour and Welfare 
1-2-2 Kasumigaseki, Chiyoda-ku Tokyo 100-8916 
Japan 
Phone: +81 3 3595 2326 
Fax: +81 3 3503 7965 
E-mail: codexj@mhlw.go.jp 

Dr Manao OZAWA 
Senior Inspector 
Antibiotics Section, Assay Division 2 
National Veterinary Assay Laboratory 
Ministry of Agriculture, Forestry and Fisheries 
1-15-1 Tokura, Kokubunji, Tokyo 185-8511 
Japan 
Phone: +81 42 321 1940 
Fax: +81 42 321 1769 
E-mail: ozawa@nval.go.jp 

Dr Tatsuro SEKIYA 
Deputy Director 
Food Safety Commission Secretariat 
Akasaka Park Building 22F 5-2-20 Akasaka Minatoku, Tokyo 
Japan 
Phone: +81 3 6234 1094 
Fax: +81 3 3584 7391 
E-mail: tatsuro.sekiya@cao.go.jp 

JORDAN - JORDANIE - JORDANIA 

Eng. Mwaffaq KHUSHMAN 
Head 
Food Inspection Division 
Aqaba Special Economic Zone Authority P.O. Box 2565 
Aquba 77110 
Jordan 
Phone: +00 962799666360 
Fax: +00 96232091017 
E-mail: mkhushman@aseza..jo 

Dr Issa RIYATI 
Director 
Health Control Directorate 
Aqaba Special Economic Zone Authority P.O. Box 2565 
Aquba 77110 
Jordan 
Phone: +03 2091000 
Fax: +03 2091017 
E-mail: riyati@aseza.jo 

KENYA 

Mrs Alice ONYANGO 
Manager – Codex Contact Point Secretariat 
Kenya Bureau of Standards 
P.P. BOX 54974 00200 Popo Road off Mombasa Road, Nairobi 
Kenya 
Phone: + 254 02 605490 
Fax: + 254 02 604031/609660 
E-mail: akothe@kebs.org 
       info@kebs.org 

Ms Margaret ALEKE 
Manager – Food and Agricultures Standards 
P.O Box 54974-00200, Nairobi 
Kenya 
Phone: +254 20 6948000 /6948454 
Fax: +254 20 604031/609660 
E-mail: alekem@kebs.org 
       margaretaleke@yahoo.com 

Ms Jane MAINA 
Assistant Manager – Quality Control 
Agriculture 
Kenya Bureau of Standard 
P.O Box 54974-00200, Nairobi 
Kenya 
Phone: +254 72 2526006 
Fax: +254 02 604031 
E-mail: info@kebs.org 
       kinyaj@kebs.org 

Dr Nicholas Otieno AYORE 
Senior Assistant Director of Veterinary Services 
Private Bag 00625 Kangemi, Nairobi 
Kenya 
Phone: +254 721 390 966 
E-mail: nicholasayore@gmail.com 

NETHERLANDS – PAYS-BAS –PAÍSES BAJOS 

Léon ARNTS 
Ministry of Agriculture, Nature and food Quality 
Bezuidenhoutseweg 73, PB. 20401 2500 EK The Haque 
The Netherlands 
Phone: +31 70 3785281 
Fax: +31 70 3786177 
E-mail: L.R.Arnts@minlnv.nl 
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NEW ZEALAND – NOUVELLE- ZÉLANDE –  
NUEVA ZELANDIA 

Dr Donald CAMPBELL 
Principal Adviser (Public Health) 
New Zealand Food Safety Authority 
P.O. Box 2835, Wellington 
New Zealand 
Phone: +64 4 894 2649 
Fax: +64 4 894 2530 
E-mail: donald.campbell@nzfsa.govt.nz 

NIGERIA – NIGÉRIA 

Ms Uzegbu GEORGIANA 
Senior Laboratory Technologist 
National Agency for Food and Drug Administration and 
Control(NAFDAC) 
Plot 2032, Olusegun Obasanjo Way, Zone 7, Wuse,  Abuja 
Nigeria 
Phone: +234 80 3716 4131 
E-mail: amarageorgia@yahoo.com 

Mrs Dayilim Josephine ABBAS 
Chief Regulatory officer 
National Agency for Food and Drug 
Administration and Control(NAFDAC) 
Plot 2032, Olusegun Obasanjo Way, Zone 7, Wuse,  Abuja 
Nigeria 
Phone: +234 8037 01 5083 
E-mail:dapiye@yahoo.com 

Dr Mike Kanayochukwu NWANERIi 
Assistant Director 
Nigeria Agricultural Quarantine Service 
Plot 81, Raph, Sodeinde Street, Enugu Building, Central Area, 
Abuja 
Nigeria 
Phone: +234 80 2328 2163 
E-mail: michaelnwaneri@yahoo.com 

NORWAY – NORVÉGE – NORUEGA 

Ms Kjersti Nilsen BARKBU 
Senior Adviser 
Norwegian Food Safety Authority 
Head Office, Felles postmottak, P.O. Box 383, N-2381 
Brumunddal 
Norway 
Phone: + 47 23216800 / 47 232 16783 
Fax: +47 23216801 
E-mail: kjnba@mattilsynet.no 

PERU – PÉROU - PERÚ 

Ms Edith Villanueva HUAMAN 
Biologyst 
Minister of Health 
Calle Las Amapolas 350, Urb San Eugenio Lince Lima 13 
Peru 
Phone: +511 5680486, 4287252 
Fax: +511 4226404 
E-mail:mailto:Donal.campbell@nzfsa.govt.nz 
evillanueva@digesa.minsa.gob.pe 
       edithv29@yahoo.com.mx 

PHILIPPINES - FILIPINAS 

Dr CELIA CARLOS 
Head 
Antimicrobial Resistance Surveillance Program 
Research Institute for Tropical Medicine 
Filinvest Corporate, City, Alabang, Muntinlupa, Metro Manila 
Philippines 
Phone: + 632 807 2628 ~32 local 609 ; +632 809 9763 
Fax: +632 809 9763 
E-mail: ccarlos@ritm.gov.ph 
       Celia.carlos@yahoo.com 

Dr Alpha MATEO 
Science Research Specialist ∏ 
Bureau of Agriculture and Fisheries Product Standards, BPI 
compound Quezon City 
Philippines 
Phone: + 632 920 6131 
Fax: +632 455 2858 
E-mail:mailto:Donal.campbell@nzfsa.govt.nz 
bafpsda@yahoo.com.ph 
      alpha_mateo@yahoo.com 

PORTUGAL 

Dr Helena PONTE 
Service Director 
Direcção-Geral de Veterinária 
Largo da Academia Nacional de Belas Artes n°2, 1249-105 
Lisboa 
Portugal 
Phone: + 00 3512 1323 9536 
Fax: +00 3512 1323 3565 
E-mail: Helena.Ponte@dgv.min-agricultura.pt 

REPUBLIC OF KOREA– 
RÉPUBLIQUE DE CORÉE– 
REPÚBLICA DE COREA 

In-Gyun HWANG 
Director 
Food Microbiology Division 
National Institute of Food and Drug Safety Evaluation  
Korea Food and Drug Administration 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 1681 
Fax: +82 2 355 6036 
E-mail: inghwang@kfda.go.kr 

Mr Ki-Sung KWON 
Director  
Scientific Food Investigation Team 
National Institute of Food and Drug Safety Evaluation  
Korea Food and Drug Administration 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 1822 
Fax: +82 2 388 6451 
E-mail: kisungk@kfda.go.kr 
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Ms Chang-Sook YANG 
Deputy Director  
Food Safety Policy Division 
Food Safety Bureau 
Korea Food and Drug Administration 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 1727 
Fax: +82 2 388 6396 
E-mail: ycs1121@korea..kr 

Mr Soon-Ho LEE 
Deputy Director  
Food Microbiology Division 
National Institute of Food and Drug Safety Evaluation  
Korea Food and Drug Administration 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 1682 
Fax: +82 2 355 6036 
E-mail: leedh13@kfda.go.kr 

Mr Ym-Shik LEE 
Deputy Director  
Risk Prevention Policy Division 
Risk Prevention Policy Bureau 
Korea Food and Drug Administration 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 1543 
Fax: +82 2 388 6394 
E-mail: eaglelee@korea.kr 

Ms Yeong-Sun LEE 
Director  
Antimicrobial Resistance Division 
National Institute of Health 
Korea Center for Disease control and Prevention 
5 Nokbun-dong, Eunpyung-gu, Seoul 
Republic of Korea  
Phone: +82 2 380 2121 
Fax: +82 2 380 1550 
E-mail: yslee07@nih.go.kr 

Ms Yun-Hee KIM 
Assistant Director 
Bilateral Negotiation & Cooperation Division 
Ministry for Food, Agriculture, Forestry and Fisheries 
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 2 500 1876 
E-mail: likerucy@korea.kr 

Dr Dae-Jin KANG  
Deputy Director (Veterinarian)  
Food Safety & Sanitation Division 
Ministry for Food, Agriculture, Forestry and Fisheries  
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea  
Phone: +82-2-500-2105  
E-mail: djkang@mifaff.go.kr  

Mr Joon-Kul KIM 
Assistant Director 
Food Safety & Sanitation Division 
Ministry for Food, Agriculture, Forestry and Fisheries  
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 2 500 2106 
E-mail: kim123@mifaff.go.kr 

Dr Yi-Seok JOO 
Director 
Veterinary Medicine and Biologicals Evaluation 
National Veterinary Research & Quarantine Service  
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 31 467 1725 
E-mail: jooys@nvrqs.go.kr 

Dr Kwang-Jick LEE 
Senior Researcher 
Veterinary Medicine and Biologicals Evaluation 
National Veterinary Research & Quarantine Service  
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 31 467 1726 
E-mail: leekwj@nvrqs.go.kr 

Dr Sung-Won PARK 
Researcher 
Veterinary Medicine and Biologicals Evaluation 
National Veterinary Research & Quarantine Service 
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 31 467 1727 
E-mail: parksw@nvrqs.go.kr 

Dr Hang-Mi NAM 
Researcher  
Bacteriology & Parasitology Division 
National Veterinary Research & Quarantine Service  
#1 Joongang-dong, Kwachon, Kyonggi  
Republic of Korea 
Phone: +82 31 467 1772 
E-mail: namhm@nvrqs.go.kr 

Dr Mi-Hwa OH 
Senior Researcher  
Quality Control and Utilization of Animal Products Division 
National Institute of Animal Science 
Rural Development Administration 
564 omokchun-dong, Gwonseon-gu, Suwon, Kyonggi  
Republic of Korea 
Phone: +82 31 290 1689 
E-mail: moh@rda.go.kr 

Dr Seung-Ryul HWANG 
Senior Researcher 
Chemicals Behavior Research Division 
National Institute of Environmental Research 
Ministry of Environment 
Environmental Research Complex, Kyungseo-dong, Seo-gu, 
Incheon 
Republic of Korea 
Phone: +82 32 560 7187 
E-mail: komelong@me.go.kr 

Dr Gun-Jo WOO 
Professor 
Department of Food Science & Technology 
College of Life Sciences & Biotechnology 
Korea University 
Anam-dong, Seongbuk-gu, Seoul 
Republic of Korea 
Phone: +82 2 3290 3021 
E-mail: visionkorea@korea.ac.kr 
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Dr Yong-Ho PARK 
Professor 
College of Life Veterinary Medicine 
Seoul National University 
599 Gwanak-ro, Gwanak-gu, Seoul 
Republic of Korea 
Phone: +82 2 880 1257 
E-mail: yhp@snu.ac.kr 

SAMOA 

Ms Iulia PETELO 
Assistant Chief Executive Officer 
Ministry of Commerce, Industry & Labour 
Level Ⅳ ACC Building P.O Box 862 Apia  
Samoa 
Phone: +0685 20441/24084 
Fax: +0685 20443 
E-mail: codex.samoa@mcil.gov.ws 
       iulia.petelo@mcil.gov.ws 

SINGAPORE - SINGAPOUR - SINGAPUR 

Mr Leslie PHUA 
Head, Microbiology Branch 
Agri-Food & Veterinary Authority of Singapore 
Veterinary Public Health Centre, 10 Perahu Road, Singapore 
718837 
Singapore 
Phone: +65 6795 2832 
Fax: +65 6861 9491 
E-mail: Leslie_Phua@ava.gov.sg 

SLOVAKIA - SLOVAQUIE - ESLOVAQUIA 

Mr Emil MATEJKA 
Commercial Counsellor 
Embassy of the Slovak Republic 
389-1 Hannam-dong, Yongsan-gu, Seoul 
Phone: +82 794 3951(402) 
Fax: +82 793 1834 
E-mail: mhsr@kornet.net 

SOUTH AFRICA – AFRIQUE DU SUD – SUDÁFRICA 

Prof Vinny NAIDOO 
Professor 
Department of Health 
South Africa 
Phone: +27 12 529 8368  
Fax: +2712 529 8354 
E-mail: vinny.naidoo@up.ac.zo 

Mr Albert SMITH 
Deputy Director 
South Africa Department of Agriculture, Forestry & Fisheries, 
Plant Quarantine Station 
Private Baq X5015. Stellenbosch 7599 
South Africa 
Phone: +27 21 809 1718  
Fax: +27 21 887 0036 
E-mail: alberts@daff.qov.za 

SUDAN 

Dr Kihidir MOHAMED ELFAKI 
Director 
Public Health and Zoonotic Disease Department 
Federal Ministry of Animal Resources and Fisheries 
Sudan 
Phone: +00 2499 1213 3652 
Fax: +00 2499 1834 75996 
E-mail: khidirfaki599@hotmail.com 

SWEDEN - SUÈDE - SUECIA 

Dr Tor BERGMAN 
Chief Veterinary Officer, PH 
National Food Administration 
P.O. Box 622 
SE-75126 Uppsala 
Sweden 
Phone: +46 18 175587 
Fax: +46 18 175310 
E-mail: tor.bergman@slv.se 

Dr Christina Maria GREKO 
Associate professor 
Department of Antibiotics, National  
Veterinary Inst. 
SE751 89 Uppsala 
Sweden 
Phone: +46 18 674337 
Fax: +46 18 309162  
E-mail: Christina.greko@sva.se 

THAILAND – THAÏLANDE – THAILANDIA 

Dr Kraisid TONTISIRIN 
Senior Advisor 
National Bureau of Agricultural Commodity and Food 
Standards (ACFS) 
50 Phaholyothin Road, Ladyao Chatuchak Bangkok 10900 
Thailand 
Phone: +662 561 2277 
Fax: +662 561 3357 
E-mail: Kraisid.tontisirin@gmail.com 

Dr Sasi JAROENPOJ 
Senior Veterinarian 
Department of Livestock Development Phayathai Rd., 
Rachataevee, Bangkok 
Thailand 
Phone: +662 653 444(Ext. 3142) 
Fax: +662 653 4917 
E-mail: Sasijaroenpoj@yahoo.com 

Ms Sunan KITTIJARUWATTANA 
Veterinary Officer 
Department of Livestock Development  
91 Moo 4 Tiwanon Rood Bangkadi Pathumtani 12000 
Thailand 
Phone: +662 967 9711 
Fax: +662 963 9216 
E-mail: sunank@dld.go.th 
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Ms Yupa LAOJINDAPUN 
Senior Standards Officer 
National Bureau of Agricultural Commodity and Food 
Standards (ACFS) 
Ministry of Agriculture and Cooperative 
50 Phaholyothin Road, Ladyao Chatuchak Bangkok 10900 
Thailand 
Phone: +622 561 2277(Ext.1431) 
Fax: +622 561 3373 
E-mail: yupa@acfs.go.th 

Ms Kanya ASAYUTH 
Veterinary Officer 
Department of Livestock Development  
91 Moo 4 Tiwanon Rood Bangkadi Pathumtani 12000 
Thailand 
Phone: +662 967 9711 
Fax: +662 963 9216 
E-mail: kanyaa@dld.go.th 

Ms Orananong HENGCHAROEN 
Veterinary drug section, Drug Contro; division 
Ministry of Public Health, Tiwanon Rd. Nonthaburi 
Thailand 
Phone: +662590 7319 
Fax: +662 591 8390 
E-mail: vetdrug@fda.moph.go.th 

Ms Kanokphan SRIMANOBHAS 
Senior Food Technologist 
Fish Inspection & Quality Control Division 
Department of Fisheries 
Paholyothin Rd., Kaset-Klang, Chatuchak Bangkok 10900 
Thailand 
Phone: +662 558 0150~5 
Fax: +662 558 0138 
E-mail: kanokphan@yahoo.com 

UNITED KINGDOM – ROYAUME – 
UNI– REINO UNIDO 

Mr John FITZGERALD 
Operations Director 
Veterinary Medicines Directorate 
Woodham Lane, New Haw, Addlestone Surrey, KT15 3LS 
United Kingdom 
Phone: +44 1932 338303 
Fax: +44 1932 338348 
E-mail: j.fitzgerald@vmd.defra.gsi.gov.uk 

Dr Nick RENN 
Veterinary Medicines Directorate 
Woodham Lane, New Haw, Addlestone Surrey, KT15 3LS 
United Kingdom 
Phone: +44 1932 338449 
Fax: +44 1932 336618 
E-mail: n.renn@vmd.defra.gsi.gov.uk 

UNITED REPUBLIC OF TANZANIA 

Dr Claude John Shara MOSHA 
Chief Standards Officer  
Food/Feed Safety & Quality 
Tanzania Bureau of Standards 
P.O Box 9524, DAR ES SALAAM 
Tanzania 
Phone: +255 713 324495 
Fax: +255 22 2450959 
E-mail: claude.mosha@tbstz.org 

UNITED STATES OF AMERICA - 
ÉTATS-UNIS D’AMÉRIQUE - 
ESTADOS UNIDOS DE AMÉRICA 

Dr David G. WHITE 
Director, Office of Research  
U.S. Food and Drug Administration 
Center for Veterinary Medicine 
8401 Muirkirk Rd. Laurel, MD 20708 
United States of America 
Phone: +1 301 210 4187 
Fax: +1 301 210 4685 
E-mail: david.white@fda.hhs.gov 

Dr Barry HOOBERMAN 
Risk Analyst 
U.S Food and Drug Administration 
7519 Standish Place, HFV-200 
Rockville, MD 20855 
United States of America 
Phone: +1 240 453 6835 
Fax: +1 240 453 6880 
E-mail: Barry.hooberman@fda.hhs.gov 

Ms Tammie BELL 
International Policy Analyst 
U.S Food and Drug Administration 
Parklawn 15A55, HFG-1, 5600 Fishers Lane, Rockville, MD 
20857 
United States of America 
Phone: +1 301 827 0919 
Fax: +1 301 827 0003 
E-mail: Tammie.bell2@fda.hhs.gov  

Dr Ching Ching WU 
AVMA Codex Task Force Representative, 
Council Member of AVMA Council on Biological and 
Therapeutic Agents  
Professor of Veterinary Microbiology/Infections disease 
406 S University street, West Lafayette, In 47907-2065 
United States of America 
Phone: +1 765 494 7459 
Fax: +1 765 494 9181 
E-mail: wuc@purdue.edu 

Ms Phyllis J. Marquitz 
International Affairs Staff 
5100 Paint Branch Parkway, College Park MD20740 
United States of America 
Phone: +1 301 436 1177 
Fax: +1 301 436 12618 
E-mail: phyllis.marquitz@fda.hhs.gov 

Dr Donald A. PRATER 
Veterinary Medical Officer 
Director, Division of Scientific Support 
U.S. Food and Drug Administration 
7500 Standish Place, MPN-2 Rockville, MD 20855 
United States of America 
Phone: +1 240 276 8177 
Fax: +1 240 276 8175 
E-mail: donald.prater@fda.hhs.gov 
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Dr Richard COULTER 
Vice President 
Scientific & Regulatory Affairs 
Phibro Animal Health Corporation 
65 Challenger Road, Ridgefield Park, NJ, 07660 
United States of America 
Phone: +1 201 329 7374 
Fax: +1 201 329 7042 
E-mail: Richard.coulter@pahc.com 

Dr Elizabeth WAGSTROM 
Assistant Vice President 
Science and Technology  
National Pork Board 
1776 NW 114th Street Clive, Iowa 50325 
United States of America 
Phone: +1 515 223 2633 
Fax: +1 515 223 2646 
E-mail: Lwagstrom@pork.org  

Dr Heejeong Latimer 
Risk Analyst 
Risk Assessment Division 
Office of Public Health Science 
Food Safety and Inspection Service 
U.S. Department of Agriculture 
1400 Independence Ave, SW. 333 Aerospace Center 
Washington, DC 20250-3700 
United States of America 
Phone: +1 202 690 0823 
Fax: +1 202 690 6337 
E-mail: Heejeong.Latimer@usda.gov 

Dr Jean WHICHARD 
Team Leader  
National antimicrobial Resistance  
Surveillance Team 
National Center for Zoonotic, Vectorborne, and Enteric 
Diseases 
Center for Disease Control and Prevention 
1600 Clifton Road, Mailstop G-29 Atlanta, GA 30329 
United States of America 
Phone: +1 404 639 2000 
Fax: +1 404 639 4290 
E-mail: zyr3@cdc.gov 

Dr Merton SMITH 
Special Assistant for International Activities Office of the 
Director 
Center for Veterinary Medicine 
U.S. Food and Drug Administration 
7519 Standish Place, Rockville, Maryland 20855 
United States of America 
Phone: +1 240 276 9025 
Fax: +1 240 276 9030 
E-mail: merton.smith@fda.hhs.gov 

Dr Elizabeth PARKER 
Chief Veterinarian 
1301 Pennsylvania Avenue, NW, Suite 300, Washington, DC 
20004 
United States of America 
Phone: +1 301 504 4616 
Fax: +1 301 504 5467 
E-mail: eparker@beef.org 

Dr Neena ANANDARAMAN 
Veterinary Epidemiologist 
Office of Public Health Science 
Food Safety and Inspection Service 
U.S. Department of Agriculture 
1400 Independence Ave, S.W. 343 Aerospace, Washington, DC 
20250-3700 
United States of America 
Phone: +1 202 690 6429 
Fax: +1 202 720 8213 
E-mail: neena.anandaraman@fsis.usda.gov 

Ms Danielle SCHOR 
International Issues Analyst 
Room 4861-South, 1400 Independence Ave., SW, 20250 
United States of America 
Phone: +202 690 4042 
Fax: +202 720 3157 
E-mail: dani.schor@ars.usda.gov 

Dr Deborah FRAVEL 
Research Leader 
U.S. Department of Agriculture, Agricultural Research Service 
10300 Blatimore Ave, Bldg 010A, BARC-W, Beltsville, MD 
20705 
United States of America 
Phone: +1 301 504 5080 
Fax: +1 301 504 5062 
E-mail: deb.fravel@ars.usda.gov 

Dr Steve YAN 
Microbiologist 
Division of Human Food Safety (HFV-150) 
Center for Veterinary Medicine 
U.S. Food and Drug Administration 
7500 Standish Place, Room E407 Rockville, MD 20855 
United States of America 
Phone: +1 240 276 8202 
Fax: +1 240 276 8118 
E-mail: Steve.yan@fda.hhs.gov 

Ms Sondra C. FLICK 
Director Government & Industry Affairs 
Alpharma Inc. 
400 Crossing Blvd, Bridgewater, NJ 08807 
United States of America 
Phone: +1 908 429 6000(EXT 58503) 
Fax: +1 908 429 8392 
E-mail: Sandy.flick@alpharma.com 

Dr Thomas SHRYOCK 
Senior Microbiology Technical Adviser 
Elanco Animal Health 
2001 W. Main St., GL21 P.O. Box 708 Greenfield IN 46140 
United States of America 
Phone: +1 317 277 5087 
Fax: +1 317 651 6075 
E-mail: thomas.r.shryock 73@lilly.com 

UZBEKISTAN – OUZBÉKISTAN – UZBEKISTÁN 

Dr Bakhodir RAKHIMOV 
Leading Expert 
Ministry of Health 
12. Navoi STR.TASHKENT 
Uzbekistan 
Phone: + 99 87123 94198 
Fax: +99 87124 41041 
E-mail: rakhimov@med.uz 
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VIET NAM 

Dr Vu Ngoc Quynh 
Director Vietnam Codex Office 
Phone: + 84 4 39426605 
Fax: +84 4 38222520 
E-mail: vnquynhcodex@tcvn.gov.vn 

INTERNATIONAL GOVERNMENTAL 
ORGANIZATIONS 
ORGANISATIONS GOUVERNEMENTALES 
INTERNATIONALES 
ORGANIZACIONES GUBERNAMENTALES 
INTERNACIONA 
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Appendix 3.  Examples of Qualitative foodborne AMR-Risk Assessment   
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INTRODUCTION 

1. Antimicrobial resistance (AMR) is a major global public health concern and a food safety issue.  
When pathogens become resistant to antimicrobial agents they can pose a greater human health risk as a 
result of potential treatment failure, loss of treatment options and increased likelihood and severity of disease. 
Problems related to AMR are inherently related to antimicrobial use in any environment, including human 
and non-human uses.  The use of antimicrobial agents in food-producing animals/crops provides a potentially 
important risk factor for selection and dissemination of antimicrobial resistant microorganisms and 
antimicrobial resistance determinants from animals/food crops to humans via the consumption of food. 

2. In accordance with Codex principles, risk analysis is an essential tool in assessing the overall risk to 
human health from foodborne AMR microorganisms and determining appropriate risk mitigation strategies 
to control those risks.  Over the past decade, there have been significant developments with respect to the use 
of risk analysis approaches in addressing AMR.  A series of FAO/OIE/WHO expert consultations on AMR 
have agreed that foodborne AMR microorganisms are possible microbiological food safety hazards.  
Consequently, the need for the development of a structured and coordinated approach for AMR-risk analysis 
has been emphasized1. WHO/FAO and OIE guidelines on risk analysis provide broad, structured approaches 
to address the potential public health impact of AMR microorganisms of animal/crop origin via food2.  
However, due to the biological complexity of AMR, the multidisciplinary aspects of AMR within the entire 
food production to consumption continuum and the need to identify appropriate risk mitigation strategies, 
these guidelines present a consolidated framework specific to foodborne AMR-risk analysis. 

3. More specifically, these guidelines provide a structured risk analysis framework to address the risks to 
human health associated with the presence in food and animal feed, including aquaculture, and the 
transmission through food and animal feed, of AMR microorganisms or antimicrobial resistance 
determinants linked to non-human use of antimicrobial agents.    

4. The initial phase of the risk analysis framework consists of a group of tasks collectively referred to as 
“Preliminary Risk Management Activities”, which are carried out by the risk managers. This allows the risk 
manager to decide what action to take. This may involve the establishment of a risk assessment policy and 
the commissioning of a risk assessment or, perhaps, a more appropriate action. If it is decided to commission 
a risk assessment, the preliminary risk management activities will provide some of the basic information 
required by risk assessor undertaking this task. Later phases of the risk analysis framework include the 
identification, evaluation, selection and implementation of appropriate risk management actions to, if 
necessary, minimise and contain the identified risk to human health. Risk managers are responsible for 
verifying that the risk mitigation measures implemented are achieving the intended results, that unintended 
consequences associated with the measures are limited and that the risk management goals can be sustained. 
Good communication between risk assessors, managers and interested parties is essential for a transparent 
and informed risk analysis. 

5. These guidelines present components of foodborne AMR-Risk Analysis in a chronological order. For 
better readability, the “Foodborne AMR-Risk communication” and “Surveillance and information source” 
sections are placed at the end of the document, recognizing that these sections can be applicable throughout 
the process. 

6. This document should be read in conjunction with the Working Principles for Risk Analysis for Food 
Safety for Application by Governments (CAC/GL 62-2007), the Principles and Guidelines for the Conduct of 
                                                   
1 FAO/OIE/WHO. 2003.  First Joint FAO/OIE/WHO Expert Workshop on Non-human Antimicrobial Usage and 
Antimicrobial Resistance: Scientific assessment, Geneva, Switzerland, 1-5 December 2003.  
http://www.who.int/foodsafety/micro/meetings/nov2003/en/. 
FAO/OIE/WHO. 2004.  Second Joint FAO/OIE/WHO Expert Workshop on Non-Human Antimicrobial Usage and 
Antimicrobial Resistance: Management options, Oslo, Norway, 15–18 March 2004.  
http://www.who.int/foodborne_disease/resistance/fdb_antimicrobial_Mar04.pdf. 
FAO/OIE/WHO. 2008.  Joint FAO/WHO/OIE Expert Meeting on Critically Important Antimicrobials Report of the 
FAO/WHO/OIE Expert meeting, FAO, Rome, Italy, 26–30 November 2007.  
http://www.fao.org/ag/agn/agns/files/Prepub_Report_CIA.pdf. 
2 FAO/WHO. 2006.  Food safety risk analysis: a guide for national safety authorities.  (FAO Food and Nutrition Paper 
87).  http://www.who.int/foodsafety/publications/micro/riskanalysis06.pdf. 
OIE.  2008.  Terrestrial Animal Health Code (2008). http://www.oie.int/eng/normes/mcode/en_sommaire.htm. 



ALINORM 10/33/42 Appendix II 
 

32

Microbiological Risk Assessment (CAC/GL 30-1999), the Principles and Guidelines for the Conduct of 
Microbiological Risk Management (CAC/GL 63-2007), the Code of Practice to Minimize and Contain 
Antimicrobial Resistance (CAC/RCP 61-2005), the Code of Hygienic Practice for Meat (CAC/RCP 58-
2005), the Code of Hygienic Practice for Milk and Milk Products (CAC/RCP 57-2004) and the Code of 
Hygienic Practice for Eggs and Eggs Products (CAC/RCP 61-2005).  Risk analysis of AMR on animal feeds 
may also consider the Code of Practice on Good Animal Feeding (CAC/RCP 54-2004), as well as Animal 
Feed Impact on Food Safety3 and the chapters related to the control of AMR in the OIE Terrestrial Animal 
Health Code. 

SCOPE 

7. The scope of these guidelines is to provide science-based guidance on methodology and processes for 
risk analysis and its application to foodborne AMR related to non-human use of antimicrobial agents.  The 
intent of the guidelines is to assess the risks to human health associated with the presence in food and feed, 
including aquaculture, and the transmission through food and feed, of AMR microorganisms and 
antimicrobial resistance determinants, by developing advice on appropriate risk management activities to 
reduce such risk.  The guidelines will further address the risks associated with different areas of use of 
antimicrobial agents such as veterinary applications, plant protection or food processing. 

8. As there are existing Codex or internationally recognized guidelines, the following areas related to 
antimicrobial agents are outside the scope of the guideline: residues of antimicrobial agents in food; AMR 
marker genes in recombinant-DNA plants and recombinant DNA microorganisms4; non-genetically modified 
microorganisms (for example, starter cultures) intentionally added to food with a technological purpose5; and 
certain food ingredients, which could potentially carry AMR genes, such as probiotics6. 

DEFINITIONS 

9. The following definitions are included to establish a common understanding of the terms used in this 
document.  The definitions presented in the Principles and Guidelines for the Conduct of Microbiological 
Risk Assessment (CAC/GL 30-1999) are applicable to this document.   

Adverse Health Effect – An undesirable or unwanted outcome in humans.  In this document, this refers to 
the human infections or their frequency caused by AMR microorganisms and antimicrobial resistance 
determinants in food or acquired from food of animal/plant origin as well as the increased frequency 
of infections and treatment failures, loss of treatment options, and increased severity of infections 
manifested by prolonged duration of disease, increased hospitalization, and increased mortality7. 

Antimicrobial Agent – Any substance of natural, semi-synthetic, or synthetic origin that at in vivo 
concentrations kills or inhibits the growth of microorganisms by interacting with a specific target8. 

Antimicrobial Resistance (AMR) – The ability of a microorganism to multiply or persist in the presence of 
an increased level of an antimicrobial agent relative to the susceptible counterpart of the same species8. 

                                                   
3 FAO/WHO.  2008.  Animal Feed Impact on Food Safety.  Report of the FAO/WHO Expert Meeting FAO 
Headquarters, Rome 8-12 October 2007.  ftp://ftp.fao.org/docrep/fao/010/a1507e/a1507e00.pdf 
4 The food safety assessment on the use of antimicrobial resistance marker genes in recombinant-DNA plants is 
addressed in the Guideline for the Conduct of Food Safety Assessment of Foods Derived from Recombinant-DNA Plants 
(CAC/GL 45-2003) 
5 The food safety assessment on the use of antimicrobial resistance marker genes in recombinant-DNA microorganisms 
is addressed in the Guideline for the Conduct of Food Safety Assessment of Foods Produced Using Recombinant-DNA 
Microorganisms (CAC/GL 46-2003). 
6 The food safety assessment on the use of probiotics in foods is addressed in a Report of a Joint FAO/WHO Working 
Group on Drafting Guidelines for the Evaluation of Probiotics in Foods (FAO/WHO, 2002). 
7 FAO/OIE/WHO.  2003.  First Joint FAO/OIE/WHO Expert Workshop on Non-human Antimicrobial Usage and 
Antimicrobial Resistance: Scientific assessment, Geneva, Switzerland, 1-5 December 2003.  
http://www.who.int/foodsafety/micro/meetings/nov2003/en/. 
8 FAO/OIE/WHO.  2008.  Joint FAO/WHO/OIE Expert Meeting on Critically Important Antimicrobials;  Report of the 
FAO/WHO/OIE Expert meeting, FAO, Rome, Italy, 26–30 November 2007.  
http://www.fao.org/ag/agn/agns/files/Prepub_Report_CIA.pdf.  
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Antimicrobial Resistance Determinant – The genetic element(s) encoding for the ability of 
microorganisms to withstand the effects of an antimicrobial agent.  They are located either 
chromosomally or extra-chromosomally, and may be associated with mobile genetic elements such as 
plasmids, integrons or transposons, thereby enabling horizontal transmission from resistant to 
susceptible strains. 

Commensal – Microorganisms participating in a symbiotic relationship in which one species derives some 
benefit while the other is unaffected.  Generally, commensal microorganisms are considered to be non-
pathogenic in their normal habitat, but may, in certain circumstances, become opportunistic pathogens. 

Co-Resistance – Various resistance mechanisms, each conferring resistance to an antimicrobial class9, 
associated within the same microbiological host8. 

Cross-Resistance – A single resistance mechanism in a bacterium conferring resistance at various levels to 
other members of the class or to different classes.  The level of resistance depends on the intrinsic 
activity of the antimicrobial agent, in general the higher the activity, the lower the level of resistance.  
Cross-resistance implies cross-selection for resistance8. 

Extra- and Off-Label Use – The use of an antimicrobial agent that is not in accordance with the approved 
product labelling.  Such uses may be allowed under certain national regulations.  

Foodborne Pathogen – A pathogen present in food, which may cause human disease(s) or illness through 
consumption of food contaminated with the pathogen and/or the biological products produced by the 
pathogen. 

Food Producing Animals  Animals raised for the purpose of providing food to humans. Most commonly 
this term refers to poultry, swine, cattle, sheep, fish and crustacean but it does not exclude other 
domestically managed animals8. 

Interpretive criteria – These are specific values such as minimal inhibitory concentrations (MICs) or 
inhibition zone diameters on the basis of which bacteria can be assigned to categories of either 
‘susceptible’ , ‘intermediate’ or ‘resistant’.  

Pathogen – A microorganism that can cause infection, illness or disease. 

Risk Management Option (RMO) – A specific action that could be implemented to mitigate risk at various 
control points throughout the food production to consumption continuum. 

GENERAL PRINCIPLES FOR FOODBORNE AMR-RISK ANALYSIS 

10. The Working Principles for Risk Analysis for Food Safety for Application by Governments  
(CAC/GL 62-2007) shall apply to all aspects of foodborne AMR-risk analysis. General Principles specific to 
foodborne AMR-risk analysis follow. 

Principle 1: Foodborne AMR-risk analysis should consider the impact of foodborne AMR on human health 
as a result of non human use of antimicrobial agents. 

Principle 2: Foodborne AMR-risk analysis should consider the selection and dissemination of foodborne 
AMR through the food production to consumption continuum. 

Principle 3: Foodborne AMR-risk analysis should give consideration to relevant international documents 
(for example, recommendations of the “Joint FAO/WHO/OIE Expert Meeting on Critically Important 
Antimicrobials”) for setting priorities for risk assessment and/or risk management activities. 

Principle 4: Foodborne AMR-risk analysis should consider national and regional differences in the use of 
antimicrobial agent, human exposure, prevalence, foodborne AMR microorganisms and antimicrobial 
resistance determinants, as well as available RMOs. 

Principle 5: Foodborne AMR-risk analysis should build on Principles and Guidelines for the Conduct of 
Microbiological Risk Assessment (CAC/GL 30-1999) and Principles and Guidelines for the Conduct 

                                                   
9 Antimicrobial Class – Antimicrobials agents with related molecular structures, often with a similar mode of action 
because of interaction with a similar target and thus subject to similar mechanism of resistance.  Variations in the 
properties of antimicrobials within a class often arise as a result of the presence of different molecular substitutions, 
which confer various intrinsic activities or various patterns of pharmacokinetic and pharmacodynamic properties. 
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of Microbiological Risk Management (CAC/GL 63-2007) and, in addition, needs to consider factors 
relating to the antimicrobial susceptibility of the microorganism(s) in question and related 
consequences to treatment of human disease resulting from antimicrobials resistant microorganisms. 

Principle 6: Foodborne AMR-risk analysis should focus on clearly defined combinations of the food 
commodity, the microorganism/resistance determinants and the antimicrobial agent to which 
resistance is expressed. Co-resistance should be considered in certain situations. 

Principle 7:  Monitoring and surveillance of the use of antimicrobial agent and prevalence of AMR 
microorganisms and antimicrobial resistance determinants are critical to evaluating and determining 
the effectiveness of implemented RMOs and informing all levels of risk analysis. 

Principle 8: Evaluation of pre-harvest foodborne AMR risk management options should include, whenever 
appropriate, animal health aspects relevant to food safety. Foodborne AMR-risk analysis when 
considering such animal health aspects should take into account relevant OIE standards.  

FRAMEWORK FOR FOODBORNE AMR-RISK ANALYSIS 

11. Figure 1 provides an overview of the framework for foodborne AMR-risk analysis as presented in this 
document.  The diagram is intended to aid risk managers by identifying decision points and placing the 
components of risk analysis in relation to one another, such as: i) sequencing of steps that are included in 
preliminary risk management activities; ii) steps for conducting risk assessment; iii) the process for 
identification, evaluation, selection, implementation and monitoring and review of RMOs; and iv) elements 
and activities used throughout the process, including risk communication and surveillance of the use of 
antimicrobial agents and antimicrobial resistance. Surveillance, while not a conventional component of risk 
analysis, is considered integral to each step of the foodborne AMR-risk analysis. 

 

PRELIMINARY FOODBORNE AMR-RISK MANAGEMENT ACTIVITIES 

12. A potential food safety issue may arise when AMR microorganisms or antimicrobial resistance 
determinants are present in, and/or transmitted to humans, via food. Foodborne exposure to resistant 
microorganisms or antimicrobial resistance determinants may adversely impact human health.  The risk 
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manager initiates the risk management process, beginning with the preliminary risk management activities, 
to evaluate the scope and magnitude of the food safety issue and, where necessary, to commence activities to 
manage the identified risk.   

Identification of a foodborne AMR food safety issue 

13. AMR food safety issues may be identified on the basis of information arising from a variety of sources, 
as described in para. 26.  

Development of a foodborne AMR-risk profile (Appendix 1) 

14. The foodborne AMR risk profile is a description of a food safety problem and its context. This risk 
profile presents, in a concise form, the current state of knowledge related to the food safety issue, describes 
current control measures and RMOs that have been identified to date and the food safety policy context that 
will influence further possible actions.  It is important to note that the risk profile is a “scoping” exercise to 
describe and define the pertinent factors that may influence the risk posed by the hazard. It is not intended to 
be an abbreviated version of a risk assessment.  The risk profile is usually developed by personnel with 
specific scientific expertise on the food safety issue of concern and understanding of AMR risk assessment 
techniques.  Interested parties who are familiar with the relevant production chain and related production 
techniques should be consulted. 

15. The depth and breadth of the foodborne AMR risk profile may vary depending on the needs of the risk 
managers and the complexity and urgency of the food safety issue.  The fundamental elements that comprise 
a foodborne AMR risk profile include: 

• Description of the hazard and public health problem (the AMR food safety issue); 

• Identification and characterization of the combination of the food commodity, the 
microorganism/resistance determinants and the antimicrobial agent to which resistance is expressed; 

• Consideration of critically important antimicrobial lists developed by international organizations and 
national/regional authorities (e.g., see Joint FAO/WHO/OIE Expert Meeting on Critically Important 
Antimicrobials, Rome 2008); 

• Description of usage (extent and nature) of the antimicrobial agent(s) in food production, when 
available (such as veterinary applications, aquaculture, plant protection or food processing);  

• A list of current control measures; and 

• Identification of major knowledge gaps. 

16. Consideration of the information given in the risk profile may result in options leading to a range of 
initial decisions, such as determining that no further action is needed, commissioning a foodborne AMR- risk 
assessment, establishing additional information gathering pathways or implementing immediate risk 
mitigation measures.  

17. When there is evidence that a risk to human health exists but scientific data are insufficient or 
incomplete, it may be appropriate for risk managers to select a provisional decision, while obtaining 
additional information that may inform and, if necessary, modify the provisional decision.  In those instances, 
the provisional nature of the decision should be communicated to all interested parties and the timeframe or 
circumstances under which the provisional decision will be reconsidered (e.g., reconsideration after the 
completion of a risk assessment) should be articulated when the decision is initially communicated. 

Ranking of food safety issues and setting priorities for risk assessment and management 

18. Given the potentially high resource costs associated with conducting risk assessments and/or 
implementing RMOs, the AMR risk profile provides the principal resource that should be used by risk 
managers in risk ranking or prioritization this food safety issue among numerous other food safety issues. 

19. Beyond the description of the AMR food safety issue provided by the risk profile, other criteria may 
be used for ranking or prioritization. These are generally determined by the risk managers in conjunction 
with interested parties and in consultation with risk assessors on scientific aspects of the issues.   
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Establishment of broad risk management goals 

20. Following development of the risk profile and the risk ranking/prioritization, risk managers should 
decide on the preliminary risk management goals that determine the next steps to be taken, if any, to address 
the identified food safety issue.   

Establishment of risk assessment policy 

21. Following a decision as to the need for a risk assessment, risk assessment policy should be established 
by risk managers in advance of risk assessment.  The risk assessment policy should be developed in 
consultation with risk assessors and all other interested parties.  This procedure aims at ensuring that the risk 
assessment is systematic, complete, unbiased and transparent.  The mandate given by risk managers to risk 
assessors should be as clear as possible and provide guidance as to the scope of the risk assessment, the need 
to address uncertainty and what assumptions to use when the available data are inconsistent.  Where 
necessary, risk managers should ask risk assessors to evaluate the potential changes in risk resulting from 
different RMOs.  

Commission a foodborne AMR-risk assessment 

22. Based on the established risk management goals, risk managers may commission a risk assessment to 
provide a transparent, systematic evaluation of relevant scientific knowledge to help make an informed 
decision regarding appropriate risk management activities.   

23. Information that may be documented in the commissioning of the risk assessment includes: 

• A description of the specific food safety issue (as defined in the risk profile); 

• The scope and purpose of the risk assessment; 

• The specific questions to be answered by the risk assessment; 

• The preferred type (e.g., quantitative, qualitative) of risk assessment to be conducted;  

• The expertise and resources required to carry out the risk assessment; and 

• Timelines for milestones and completion of the risk assessment and its review. 

FOODBORNE AMR-RISK ASSESSMENT 

24. The foodborne AMR-risk assessment guidelines described in this section provide a transparent 
science-based approach to identify and assess a chain of events that affect the frequency and amount of AMR 
microorganisms to which humans are exposed by the consumption of food and to describe the magnitude and 
severity of the adverse effects of that exposure.  An AMR-risk assessment addressing the specific risk to the 
defined population will examine the load and likelihood of contamination of all foods (domestic and 
imported) by resistant microorganisms and/or antimicrobial resistance determinants and, to the extent 
possible, the factors that are relevant and could influence their prevalence in food. 

Sources of information 

25. Given the fact that multiple data sources are likely to be required for a foodborne AMR-risk 
assessment and that these data can be limited, their strengths, limitations, discrepancies and gaps should be 
clearly presented.  

26. Possible sources of information: 

• Surveillance programs (see paras 83-86); 

• Epidemiological investigations of outbreaks and sporadic cases associated with resistant 
microorganisms; 

• Clinical studies including case reports on the relevant foodborne infectious disease incidence, primary 
and secondary transmission, antimicrobial therapy, and impacts of resistance on disease frequency and 
severity; 
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• National/regional treatment guidelines for foodborne microorganisms, including information on the 
medical importance of and potential impacts of increased resistance in target or other microorganisms 
to alternative treatments; 

• Studies on interaction between microorganisms and their environment through production to 
consumption continuum (litter, water, feces and sewage);  

• Investigations of the characteristics of resistant microorganisms and antimicrobial resistance 
determinants (in vitro and in vivo studies); 

• Research on properties of antimicrobial agents including their resistance selection (in vitro and in 
vivo) potential and transfer of genetic elements and the dissemination of resistant microorgansims in 
the environment;  

• Laboratory and/or field animal/crop trials addressing the linkage of use of antimicrobial agents and 
resistance (particularly regional data);  

• Studies on the link between resistance, virulence and/or fitness (e.g., survivability or adaptability) of 
the microorganism; 

• Studies on the pharmacokinetics/pharmacodynamics associated with selection of AMR in any given 
setting; 

• Laboratory and/or field animal/crop trials addressing the linkage of antimicrobial usage (particularly 
regional data) and resistance; 

• Science-based and expert opinion. 

Process of foodborne AMR-risk assessment 

27. At the beginning of the work, risk assessment may require a preliminary investigation phase to define 
and map the work to be undertaken within the framework of the AMR-risk assessment. 

28. Foodborne AMR-risk assessment is composed of hazard identification, exposure assessment, hazard 
characterization, and risk characterization.  Details of elements for each component may be found in 
Appendix 2.  Exposure assessment and hazard characterization can be conducted in parallel.  

29. The principles of an AMR-risk assessment apply equally to both qualitative and quantitative risk 
assessment. While the design differences may yield different forms of output, both approaches are 
complementary.  The selection of a qualitative or quantitative approach should be made based on the purpose 
or the type of questions to be answered and data availability for a specific AMR-risk assessment.  In 
accordance with the Working Principles for Risk Analysis for Food Safety for Application by Governments 
(CAC/GL 62-2007), quantitative data should be used to the greatest extent possible without discounting the 
utility of available qualitative information.  

Hazard identification 

30. The purpose of hazard identification is to identify the foodborne AMR concern.  The food safety 
issues associated with the hazard may have been identified and prioritised in the preliminary risk 
management activities. Risk assessors should use this as the starting point for further identifying risks.  Risk 
assessors should review literature and information from surveillance programs to identify specific strains or 
genotypes of foodborne microorganisms that pose risks by particular combination of a food commodity, 
microorganism/antimicrobial resistance determinants and antimicrobial agent to which resistance is 
expressed.  Additionally, interaction of resistant microorganisms or antimicrobial resistance determinants 
with the appropriate environment (e.g., interactions in animal feeds or aquaculture environment as well as in 
food matrices), and information on the susceptible strains of the same organisms or related resistant 
microorganisms (or antimicrobial resistance determinants) will be useful.  When necessary, science-based 
opinions on hazard identification can be sought from relevant experts.  

Exposure assessment 

31. Use of antimicrobial agents occurs in different agricultural sectors and at different stages of production, 
including feed, food producing animal, crop production and/or during food processing. Following 
antimicrobial use, selection of resistant microorganisms and determinants may occur, which then could be 
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disseminated between these sectors, such as between animal feed and food producing animals, or food 
producing animals’ waste being spread on crops, etc. Other risk/preventive factors may affect either selection 
or dissemination of resistance. 

32. Figure 2 includes risk factors related to the release assessment and exposure assessment of the OIE 
risk assessment scheme10. The fundamental activities in exposure assessment should include: (a) clear 
depiction or drawing of the exposure pathway; (b) detailing the necessary data requirements based on the 
pathway; and (c) summarising the data. 

33. Section 2.1 of Appendix 2 includes pre-harvest factors for estimating the likelihood of selection and 
dissemination of resistance within animal or plant populations. A possible output from the pre-harvest 
component of exposure assessment is an estimate or probability of the influence of the use of antimicrobial 
agents on the prevalence of resistance microorganisms in the target animals or crops. Section 2.2 of 
Appendix 2 considers possible post-harvest factors related to the human exposure to food containing AMR 
microorganisms and/or antimicrobial resistance determinants. A possible output from the post-harvest 
component of exposure assessment is an estimate of the likelihood and level of contamination of the food 
product with resistant microorganisms at the time of consumption. 

 
34. When the hazard of interest is the antimicrobial resistance determinants alone, including in commensal 

microorganisms, then an exposure assessment should consider whether these antimicrobial resistance 
determinants can transfer to human pathogens that subsequently become resistant.  Assessing the exposure 
through animal feed should also consider resistance selection in microorganisms in animal feed due to 
exposure to in-feed antimicrobial agents and their transmission to food producing animals, including 
aquaculture species (refer to the Code of Practice on Good Animal Feeding - CAC/RCP 54-2004).  Particular 
environmental reservoirs of antimicrobial resistance determinants may need to be considered in the AMR-
risk assessment.  

Hazard characterization 

35. The hazard characterization step considers the characteristics of the hazard, food matrix and host in 
order to determine the probability of disease upon exposure to the hazard.  A hazard characterization also 
includes the characteristics of the acquired resistance so as to estimate the additional consequences that can 
occur when humans are exposed to resistant pathogens, including increased frequency and severity of disease.  

                                                   
10 OIE, Terrestrial Animal Health Code 
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Possible factors that can have an impact on the hazard characterization are included in Section 3 of 
Appendix 2.  

36. The output from the hazard characterization, including the dose-response relationship where available, 
assists in translating levels of exposure to a likelihood of an array of adverse health effects or outcomes.  The 
approach for conducting hazard characterization will be guided by the risk question(s) and the risk manager’s 
needs. Figure 2 includes examples of different types of approaches (e.g., qualitative mapping, semi-
quantitative and quantitative models) that could be used to link exposure to adverse health effects. Figure 2 
also includes a depiction of selected inputs to the exposure assessment and hazard characterization processes, 
which are listed in detail in Appendix 2.  

37. Determining the number of cases with a particular foodborne disease based on exposure is similar to 
non-AMR microbiological risk assessment, except that potential increased virulence of resistant 
microorganisms and selection effects in patients treated with the antimicrobial agents of concern should be 
incorporated into the assessment.  The risk outcome in an AMR-risk assessment, like microbiological risk 
assessments, will focus on diseases, except in this case the focus is specifically on disease attributed to 
resistant microorganisms.  The risk outcome considers the subsequent risk of treatment failure or other 
complications as a result of infection from microorganisms that have acquired resistance.  It should also be 
noted that hazard characterization for AMR microorganisms and antimicrobial resistance determinants, when 
appropriate, may be informed by hazard characterization for non-AMR microorganisms.  Thus, compared to 
a non-AMR-hazard characterization, these outcomes are just a series of additional consequences that can 
occur following the initiating infection event.  The hazard characterization step estimates the probability of 
infection and then, conditional to this event, the probability of disease.  The other consequences that occur 
because infection is from a resistant microorganism are additional conditional probabilities, as disease is 
conditional on infection. 

Risk characterization 

38. Risk characterization considers the key findings from the hazard identification, exposure assessment 
and hazard characterization to estimate the risk. The form that the risk characterization takes and the outputs 
it produces will vary from assessment to assessment as a function of the risk management request.  This 
section provides guidelines on the types of outcomes that may be informative in the risk characterization but 
specific outputs may need to be established at the onset of the assessment process in conjunction with risk 
managers. 

39. Additional outcomes of risk characterization, which would have been defined in the purpose of an 
AMR-risk assessment, may include scientific evaluation of RMOs within the context of the risk assessment11. 

40. The adverse human health effects of concern in a foodborne AMR-risk assessment encompass the 
severity and likelihood of the human infections associated with the resistant microorganisms.  The risk 
estimate may be expressed by multiple risk measures, for example in terms of individual risk, population 
(including relevant subgroups) risk(s), per-meal risk, or annual risk based on consumption.  Health effects 
may be translated into burden of disease measurements.  The selection of the final risk measures should 
generally have been defined within the purpose of the foodborne AMR-risk assessment, during the 
commissioning of the AMR-risk assessment, in order to determine the appropriate exposure assessment and 
hazard characterization outcomes for risk characterization.  

41. Other elements to consider in association with risk characterization, depending upon the purpose of 
the risk assessment and the detail necessary to adequately characterize the risk, are: 

• Sensitive sub-populations (i.e., human populations with special vulnerability) and whether the 
potential risks/exposures/health impacts are adequately characterized; 

• Key scientific assumptions used (stated in clear language and understandable by non-mathematicians) 
and their impact on the assessment’s validity; 

• An explicit description of the variability and uncertainty.  The degree of confidence in the final 
estimation of risk will depend on the variability, uncertainty and assumptions identified in all previous 

                                                   
11 The use of microbial risk assessment outputs to develop practical risk management strategies: metrics to improve 
food safety.  Report, Kiel, Germany, 3-7 April, 2006.  ftp://ftp.fao.org/ag/agn/food/kiel.pdf 
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steps12.  Risk assessors must be sure that risk managers understand the impacts of these aspects on the 
risk characterization; 

• Sensitivity and uncertainty analysis.  Quantitative uncertainty analysis is preferred; however, it may be 
arrived at subjectively.  In the context of quality assurance, uncertainty analysis is a useful tool for 
characterizing the precision of model predictions.  In combination with sensitivity analysis, 
uncertainty analysis also can be used to evaluate the importance of model input uncertainties in terms 
of their relative contributions to uncertainty in the model outputs; 

• Existing microbial and AMR-risk assessments; 

• Strengths and weaknesses/limitations of the risk assessment – what parts are more or less robust.  
Particularly for a complex issue such as the risk posed by AMR microorganisms, discussion of the 
robustness of data used, i.e., weight of evidence, will enhance the credibility of the assessment.  
Weaknesses linked to the limited number of microbial species considered or for which resistance data 
are available should be made clear; 

• Alternatives to be considered, i.e., to what extent are there plausible alternatives, or other opinions?  
Does the AMR-risk assessment adequately address the questions formulated at the outset of the work? 
What confidence do the assessors have about whether the conclusions can be relied upon for making 
decisions?; 

• Key conclusions as well as important data gaps and research needs. 

42. The potential points for consideration in the risk characterization are presented in Section 4 of 
Appendix 2. 

43. Appendix 2 provides examples of the outputs from a qualitative foodborne AMR-risk assessment.  
The Appendix is not intended to imply that a qualitative AMR-risk assessment is the preferred approach, but 
merely to illustrate ways in which qualitative findings can be presented.  Quantitative risk assessments can 
be divided into two types – deterministic or probabilistic – which will have different forms of output13 . 

Consideration of the foodborne AMR-risk assessment results 

44. The conclusions of the risk assessment including a risk estimate, if available, should be presented in a 
readily understandable and useful form to risk managers and made available to other risk assessors and 
interested parties so that they can review the assessment. The responsibility for resolving the impact of 
uncertainties described in the risk assessment on RMOs lies with the risk manager and not with the risk 
assessors.  

45. The AMR-risk assessment may also identify areas of research needed to fill key gaps in scientific 
knowledge on a particular risk or risks associated with a given hazard – combination of food, antimicrobial 
drug(s), antimicrobial use pattern and resistant foodborne microorganisms/or genetic determinants of 
resistance. 

FOODBORNE AMR-RISK MANAGEMENT 

46. The purpose of this section of the guideline is to provide advice to risk managers on approaches to 
manage the risk of foodborne AMR microorganisms and antimicrobial resistance determinants linked to the 
non-human use of antimicrobial agents.   

47. Risk managers should consider non-regulatory measures in addition to regulatory controls.  Any 
regulatory measures should be able to be enforced on the basis of the national framework of legal and 
regulatory authorities.  Whether an intervention is a single RMO or a combination of RMOs, the intervention 
should be implemented in a manner that is proportional to the level of risk. 

                                                   
12 FAO/WHO.  1999.  Principles and guidelines for the conduct of microbiological risk assessment (CAC/GL 30-1999).  
http://www.codexalimentarius.net/download/standards/357/cxg_030e.pdf 
13 FAO/WHO.  2006.  The use of microbial risk assessment outputs to develop practical risk management strategies: 
metrics to improve food safety.  Report, Kiel, Germany, 3-7 April, 2006.  ftp://ftp.fao.org/ag/agn/food/kiel.pdf 
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48. Once a decision has been made to take action, RMOs should be identified, evaluated, selected, 
implemented, monitored and reviewed, with adjustments made when necessary.   

49. It is implicit in the recommended approach to AMR risk management that good agricultural practices 
and good hygienic practices should be in place along the production to consumption continuum and that 
relevant Codex Codes of Practice are implemented as fully as possible: 

• Code of Practice to Minimize and Contain Antimicrobial Resistance (CAC/RCP 61- 2005); 

• Guidelines for the Design and Implementation of National Regulatory Food Safety Assurance 
Programmes Associated with the Use of Veterinary Drugs in Food Producing Animals 
 (CAC/GL 71-2009); 

• Principles and Guidelines for the Conduct of Microbiological Risk Management  
(CAC/GL 63-2007); 

• Code of Practice on Good Animal Feeding (CAC/RCP 54-2004); 

• Recommended International Code of Practice General Principles of Food Hygiene 
 (CAC/RCP 1-1969); 

• Code of Hygienic Practice for Meat (CAC/RCP 58-2005); 

• Code of Hygienic Practice for Milk and Milk Products (CAC/RCP 57-2004); 

• Code of Hygienic Practice for Eggs and Eggs Products (CAC/RCP 61-2005); 

• Code of Hygienic Practice for Fresh Fruits and Vegetables (CAC/RCP 53-2003); 

• Principles for the Establishment and Application of Microbiological Criteria for Foods 
 (CAC/GL 21- 1997). 

50. Additionally, relevant sections of the OIE Terrestrial Animal Health Code14, Responsible Use of 
Antibiotics in Aquaculture 15 ; and the WHO Global Principles for the Containment of Antimicrobial 
Resistance in Animals Intended for Food16 should be consulted.   

Identification of foodborne AMR-RMOs 

51. Risk managers when identifying RMOs to control an AMR food safety issue should consider a range 
of points along the production to consumption continuum, both in the pre-harvest and post-harvest stages 
where control measures may be implemented, and the interested parties, which have responsibility to 
implement such measures. In general, it is valuable to identify initially as broad a range of possible options 
as practicable and then select the most promising and applicable interventions for more detailed evaluation.   

52. To identify RMOs to address an AMR food safety issue, risk managers should ensure the previously 
listed Codex Codes of Practice, OIE, and WHO documents are considered (paragraphs 54 and 55), as they 
may contain sources of RMOs that can be adapted to a particular AMR food safety issue.  In certain 
instances, the RMOs therein may pertain only to specific commodities or circumstances in the production to 
consumption continuum. Their applicability to foodborne AMR risks should be considered by risk managers 
as they may identify points at which foodborne microbiological hazards can be controlled, including those 
that potentially contribute to the selection and dissemination of AMR microorganisms.   

53. Risk assessors, scientists, food policy analysts, economists and other interested parties play important 
roles in identifying RMOs based on their expertise and knowledge.  Specific RMOs may also be identified or 
developed during the process of constructing a risk profile and/or risk assessment.  

54. The potential to combine one or more RMOs or integrate them into a comprehensive food safety 
approach, based on a generic system such as HACCP,17 should be considered.   

                                                   
14 OIE.  2008.  Terrestrial Animal Health Code (2008). http://www.oie.int/eng/normes/mcode/en_sommaire.htm 
15 T 469; FAO, 2005 
16 WHO, 2000 
17 Hazard Analysis and Critical Control Points (HACCP) – A system which identifies, evaluates, and controls hazards 
which are significant for food safety. 
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55. Table 1 provides examples of RMOs for the control of foodborne AMR risks, inclusive but not 
exhaustive of existing Codex Codes of Practice, and RMOs specific to foodborne AMR.  The table is divided 
into pre-harvest RMOs, which include measures to reduce the risk related to the selection and dissemination 
of foodborne AMR microorganisms, and post-harvest RMOs, which include measures to minimize the 
contamination of food by AMR microorganisms and antimicrobial resistance determinants. 

Table 1. Examples of Foodborne AMR Risk Management Options 
PRE-HARVEST OPTIONS 

Animal feed 
production 

Implement programs to minimize the presence in feed and feed ingredients of AMR 
microorganisms and antimicrobial resistance determinants and the transmission of these 
through feed. 
Prohibit or restrict the addition of feed ingredients containing AMR microorganisms 
and/or antimicrobial resistance determinants identified as contributing to a specific food 
safety problem. 

Food animal 
production 

Regulatory controls on conditions of use of veterinary antimicrobial drugs and 
additives: 

• Marketing status limitation, 
• Restrict extra-/off-label use   
• Extent of use limitation, 
• Major label restriction, and 
• Withdrawal of authorization. 

Non-regulatory controls on condition of use of veterinary antimicrobial drugs and 
additives: 
Development and implementation of national or regional treatment guidelines18 targeting 
a specific AMR problem.  
Development and regular update of species-specific responsible use guidelines 19  by 
professional bodies. 
Improve accuracy of microbiological diagnosis in the development, dissemination and use 
of international standards for: 

• Bacterial culture and antimicrobial susceptibility testing20; and  
• Interpretive criteria.  

Implement biosecurity and animal health and infection control programs to minimize the 
presence and transmission of foodborne microorganisms and antimicrobial resistance 
determinants between animals, to/from animals to humans and between flocks/herds. 

Food crop 
production 

Regulatory controls on conditions of use: 
• Marketing status limitation; 
• Restrict extra-/off-label use;  
• Extent of use limitation; 
• Limit use to conditions when crops are known to be at risk of developing disease; 

and 
• Withdrawal of authorization. 

Evaluate the safety of viable microorganisms used as supplements in food and feed crop 
                                                   
18 National/Regional Treatment Guidelines (non-regulatory control) – An animal or crop species-specific guideline 
developed to address a specific disease or infection and could be implemented as a voluntary step prior to regulatory 
controls such as withdrawing an antimicrobial drug or making significant label restrictions. 
19 Responsible Use Guidelines – Judicious use, responsible use, prudent use, clinical practice guidelines, and guidelines 
for prudent use are all terms that refer to documents that contain broad principles with respect to the administration of 
antimicrobials; some may be species-specific.  For the purposes of this document, these guidelines will be referred to as 
responsible use guidelines. Guidance on Responsible Use can be found, e.g. in the Code of Practice to Minimize and 
Contain Antimicrobial Resistance (CAC/RCP 61-2005). 
20 OIE Manual for Terrestrial Animals, specifically “Laboratory Methodologies for Bacterial Antimicrobial 
Susceptibility Testing” 
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production for their potential to introduce and spread AMR.  
Non-regulatory controls of use: 
Implement use of alternative strategies for specific diseases: 

• Substitution of use of antimicrobial agent with non-antimicrobial treatments 
(chemical and non-chemical) and, if not feasible, use antimicrobial agents in 
combination with alternative treatments; 

• Treating only specific developmental stages where the treatment is likely to be 
most effective, rather than treating at all developmental stages. 

Development and implementation of national or regional treatment guidelines17 targeting 
a specific AMR problem. 
Improve accuracy of microbiological diagnosis in the development, dissemination and use 
of international standards for: 

• Bacterial culture and antimicrobial susceptibility testing; and 
• Interpretive criteria. 

Implement biosecurity and infection control programs to prevent the presence and 
transmission of foodborne resistant AMR microorganisms and antimicrobial resistance 
determinants between crops and from crops to humans. 

Waste 
management 

Implement control measures to limit the spread of AMR microorganisms and 
antimicrobial resistance determinants of microorganisms through other sources of 
contamination, by assuring the appropriate use of human and animal waste (biosolids, 
manure, other natural fertilizers ) in fields for food and animal feed production:  

• Design treatment procedures to control resistant microorganisms and antimicrobial 
substances that could lead to their emergence in biosolids, manure and other 
fertilizers, as identified as contributing to a specific food safety problem. 

POST-HARVEST OPTIONS 
 Prevent food containing AMR microorganisms from reaching the consumer when 

identified as constituting a risk to public health that requires urgent action. If already 
placed in the market, it may be appropriate to withdraw such food on the market for 
reprocessing or destruction. 
Develop and check compliance with microbiological criteria, which define the 
acceptability of a product or a food lot in accordance with Principles for the 
Establishment and Application of Microbiological Criteria for Foods (CAC/GL 21-1997) 
and regulate action to be taken in cases of non-compliance at the level of: 

• Sorting; 
• Reprocessing; 
• Rejection; and 
• Further investigation. 

Evaluation of foodborne AMR-RMOs 

56. After a range of RMOs have been identified, the next step is to evaluate one or more options with 
respect to their ability to reduce risk and thereby achieve an ALOP21.  The process by which options are 
evaluated may vary depending on the specific RMOs and their impact on different control points in the 
production to consumption continuum.  The option of not taking any action should also be evaluated. 

57. In the ideal situation, the following information should be available for evaluating individual or 
combinations of possible RMOs.  Risk managers may ask risk assessors to develop this information as part 
of the risk assessment. 

                                                   
21 Appropriate Level of Protection (ALOP) – The level of protection deemed as appropriate by the member establishing 
sanitary and phytosanitary measures to protect human, animal, or plant life or health within its territory (World Trade 
Organization, Agreement on the Application of Sanitary and Phytosanitary Measures (WTO SPS)). 
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• Estimates of risk that would result from application of potential risk management measures (either 
singly or in combination), expressed either qualitatively or quantitatively. 

• Technical information on the feasibility and practicality of implementing different options. 

• Tools and resources to verify the correct implementation of the RMOs. 

58. Any positive or negative impacts of RMOs on public health should be considered when evaluating 
RMOs.  Risk managers can also consider whether alternatives exist, such as alternative antimicrobial agents, 
non-antimicrobial treatments, or changes in livestock husbandry or food production practices.  RMOs 
describing alternatives to use of antimicrobial agent should always be considered individually or in 
combination. 

59. Consideration should be given to how cross-resistance or co-resistance will affect the outcomes of 
different RMOs.  For example, the use of an alternative antimicrobial agent may select co-resistance to an 
antimicrobial critically important to human health. 

60. Food safety approaches/systems, such as HACCP, include the concept of risk-based targets for control 
of hazards at particular steps in the food production chain.  An ability to develop specific quantitative food 
safety metrics, such as food safety objective (FSO), performance objective (PO) and performance criterion 
(PC), will assist in evaluating RMOs. 

61. RMOs for AMR should be evaluated based on their impact on the specific combination of the food 
commodity, the microorganism/antimicrobial resistance determinants and the antimicrobial agent to which 
resistance is expressed at a given control point in the entire food production to consumption continuum.  
Depending on the nature of the specific hazard, the RMO may be more or less effective at meeting a 
designated PO or FSO.  The relative contribution of RMOs toward achieving a given FSO will provide 
criteria for risk managers to use when selecting RMOs. 

Selection of foodborne AMR-RMOs 

62. In order to select the best RMO or combination of RMOs to address an AMR food safety issue, risk 
managers should first determine an ALOP or public health goal.  Once the goal is established, information 
obtained from the evaluation of RMOs (relative to the specific combination of the food commodity, the 
AMR microorganism/antimicrobial resistance determinants and the antimicrobial agent to which resistance is 
expressed) can be used to determine the most efficient approach to achieving the desired goal.  For AMR, an 
example of an ALOP might be a specific target for the incidence of cases of resistant foodborne infectious 
diseases.  A variety of approaches to setting ALOPs or public health goals are described in FAO Food and 
Nutrition Paper 87 “Food Safety risk analysis – A guide for national food safety authorities). 

63. An important means of reducing human exposure to AMR microorganisms through the entire food 
production to consumption continuum is to ensure, as far as possible, that good hygienic practice and 
HACCP are being followed (Codex Recommended International Code of Practice – General Principles of 
Food Hygiene – CAC/RCP 1-1969).  Over and above what can be put in place as good hygienic practice, 
specific RMOs can address AMR issues. 

Implementation of foodborne AMR-RMOs 

64. Risk managers should develop an implementation plan that describes how the options will be 
implemented, by whom and when. National/regional authorities should ensure an appropriate regulatory 
framework and infrastructure.    

65. To effectively execute control measures, food producers and processors generally implement complete 
food control systems using comprehensive approaches such as Good Manufacturing Practices (GMP), Good 
Hygiene Practices (GHP) and HACCP systems.   

Monitoring and review of foodborne AMR-RMOs 

66. Risk managers should establish a process to monitor and review whether the RMOs have been 
properly implemented and whether or not an outcome has been successful. This should also include the 
monitoring and review of provisional decisions. Effectiveness of the RMOs should be measured by specific 
food safety metrics, the ALOP and/or public health goals; possible end points include: 
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• Prevalence of foodborne AMR microorganisms and/or antimicrobial resistance determinants at farm 
level; 

• Prevalence of foodborne AMR microorganisms and/or antimicrobial resistance determinants in food 
products at slaughter/harvest; 

• Prevalence of foodborne AMR microorganisms and/or antimicrobial resistance determinants in food 
products at retail level; 

• Prevalence of foodborne AMR microorganisms and/or antimicrobial resistance determinants in human 
clinical isolates from foodborne diseases; 

• Number of (incidence) adverse health effects such as treatment failure, loss of treatment options and/or 
severity of infections (e.g., prolonged duration of disease, increased frequency of bloodstream 
infections, increased hospitalization, and increased mortality) attributable to foodborne AMR 
microorganisms and/or determinants; 

• Trends in non-human use of antimicrobial agents, including critically-important antimicrobial agents. 

67. National surveillance programmes, designed to monitor the presence of AMR microorganisms and the 
use of antimicrobials, can help establish a baseline against which the effectiveness of RMOs can be 
measured.  

68. Monitoring/control points related to specifically implemented RMOs should be measured to assess the 
effectiveness and need for potential adjustment. Additional monitoring/control points may be measured to 
identify new information on the specific food safety issue. Risk managers are responsible for verifying the 
effectiveness and appropriateness of the risk mitigation measures and for monitoring potential unintended 
consequences.  

SURVEILLANCE OF USE OF ANTIMICROBIAL AGENT AND AMR MICROORGANISM AND 
ANTIMICROBIAL RESISTANCE DETERMINANTS 

69. Surveillance programmes on the use of antimicrobial agents and prevalence of foodborne AMR 
provide information including baseline data that is useful for all parts of the risk analysis process. Data can 
be used to explore potential relationships between antimicrobial use and the prevalence of AMR 
microorganisms in food producing animals, crops, food, feed, feed ingredients and biosolids, manure and 
other natural fertilisers, as input for risk profiling and risk assessment, to measure the effect of interventions 
and to identify trends. The level of detail of data collection could be implemented according to the resources 
available.  

70. Methodology of surveillance programmes should be harmonized between countries. The use of 
standardized and validated antimicrobial susceptibility testing methods and harmonised interpretive criteria 
are essential to the ability to use information from such programs. 

71. Surveillance of use of antimicrobial agents should, to the extent possible, include all antimicrobial 
agents used in food producing animal and crop production. Ideally, such surveillance should provide data per 
animal species or crop. National/regional authorities may use guidelines such as those described in the OIE 
Terrestrial Animal Health Code, “Monitoring of the quantities of antimicrobial agents used in animal 
husbandry” and relevant WHO guidance.   

72. Surveillance of AMR in microorganisms originating from food producing animals, plants and food 
should ideally be integrated with programs that monitor resistance in humans. Consideration may also be 
given to inclusion of feed, feed ingredients and biosolids, manure and other natural fertilisers materials in 
such programmes. National/regional authorities may use established guidelines such as those published in 
the OIE Terrestrial Animal Health Code “Harmonisation of national AMR surveillance and monitoring 
programmes” to describe key elements of programs to monitor the prevalence of foodborne AMR 
microorganisms in animals and relevant WHO guidance.  

FOODBORNE AMR-RISK COMMUNICATION 

73. To better define the food safety issue, the risk manager may need to pursue information from sources 
that have specific knowledge pertaining to the issue.  An open process, in which the food safety issue is 
clearly identified and communicated by the risk managers to risk assessors as well as affected consumers and 
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industry, is essential to promote both an accurate definition and a well-understood and common perception 
of the issue. 

74. Risk communication decision-makers can obtain vital information, provide information and solicit 
feedback from interested parties. Communication with all interested parties promotes better understanding of 
risks and greater understanding on risk management approaches.   

75. Communication between interested parties should be integrated into all phases of a risk analysis at the 
earliest opportunity (see Figure 1). 

76. Mechanisms may be established for engaging interested parties routinely in food safety decision-
making at the national/regional level. For foodborne AMR risk analysis, communication should bring 
industry (producer, food processor, pharmaceutical, etc.), consumer representatives, government officials 
and other interested parties (public health experts, medical professionals, etc) together to discuss problems, 
priorities and strategies.  

Foodborne Risk Communication as a Risk Management Tool 

77. Information on veterinary antimicrobial products considered essential by the national authority to 
ensure their safe and effective use, in compliance with national regulations, should be made available by the 
veterinary drug industry in the form of labelling, data sheets or leaflets. 

78. The food industry is responsible for developing and applying food safety control systems for effective 
implementation of risk mitigation measures.  Depending on the nature of the option, this may require risk 
communication activities such as effective communication with suppliers, customers and/or consumers, as 
appropriate, training or instruction of its staff and internal communication. 

79. Industry (pharmaceutical, food producer, food processor, etc.) associations should be encouraged to 
develop and provide guideline documents, training programs, technical bulletins and other information that 
assists industry to decrease foodborne AMR. 

80. Training should be undertaken to ensure the safety to the consumer of animal derived food and, 
therefore, the protection of public health.  Training should involve all the relevant professional organizations, 
regulatory authorities, the pharmaceutical industry, veterinary schools, research institutes, professional 
associations and other approved users. 

81. Consumers can enhance both their personal and the public’s health by being responsible for keeping 
aware of and following food safety-related instructions.  Multiple means of providing this information to 
consumers should be undertaken, such as public education programs, appropriate labelling and public 
interest messages.  Consumer organizations can play a significant role in getting this information to 
consumers.  Information to promote food safety should be disseminated. 

82. When RMOs include consumer information, outreach programs are often required, for example to 
enlist health care providers in disseminating the information.  When the goal is to inform and engage the 
public, messages intended for specific audiences need to be presented in media the audiences pay attention to. 
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[ APPENDIX 1. SUGGESTED ELEMENTS TO INCLUDE IN AN FOODBORNE AMR RISK 
PROFILE 

The objectives of an AMR risk profile are to present prerequisite scientific information on the identified food 
safety issue to inform risk managers prior to decision-making. An AMR risk profile should incorporate, to 
the extent possible, information on the following: 

1. Description of the AMR food safety issue 

• What is the potential hazard – the defined combination of the food commodity, the 
microorganism/antimicrobial resistance determinant, and the antimicrobial agent to which resistance 
is expressed? 

2. Food commodity information 

• How and where does the identified microorganism/ antimicrobial resistance determinant enter the 
food supply? 

• Which foods expose consumers to the identified microorganism/ antimicrobial resistance 
determinant? 

• How much of those foods are consumed by the target populations? 

• What are the frequency, distribution and levels of occurrence of the identified microorganism/ 
antimicrobial resistance determinant in foods? 

3. Microorganism/ antimicrobial resistance determinant information 

• What are the microbiological characteristics of the identified food borne microorganism (e.g., 
virulence, growth conditions, etc.)? 

• What are the characteristics of the resistance expressed by the microorganism (e.g., spectrum of 
resistance, involvement of co- or cross-resistance, transferability, etc.)? 

4. Information on the antimicrobial agent to which resistance is expressed 

• How important is the antimicrobial agent in the treatment of human disease? 

• How important is the antimicrobial agent to animal medicine? 

• What pathways may have led to the presence of resistance to the antimicrobial agent? 

 Was the antimicrobial agent used in food production? If so, how was it used (e.g., applications, 
amounts)? 

 Were related antimicrobial agents used in food production (potential role of cross-resistance or 
co-resistance)? 

 What other factors may affect the dissemination of AMR microorganisms and antimicrobial 
resistance determinants through the food chain? 

5. Information on adverse public health effect(s)  

• What are the characteristics of the disease caused by the identified food borne microorganism (e.g., 
severity of effects, susceptible populations)? 

• What are the effects of antimicrobial resistance in the identified food borne microorganism (e.g., loss 
of treatment options, availability of alternative treatments, added burden of disease)? 

6. Other Relevant Information 

• What is the evidence of a relationship between the presence of the AMR microorganisms or 
antimicrobial resistance determinants on the food commodity and the occurrence of the adverse 
health effect(s) in humans? 
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• What is the evidence of a relationship between the use of the antimicrobial agent and the occurrence 
of  

• AMR microorganisms, or antimicrobial resistance determinants, in the food commodity of concern? 

• What are potential risk mitigation strategies that could be used to control the hazard? 

• Are there current risk management practices in place? What is their effectiveness?  

7. Assessment of available information and major knowledge gaps 

• How much uncertainty exists in the available data? 

• Are there areas where major absences of information exist that could hamper risk management 
activities, including, if warranted, the conduct of a risk assessment? ] 
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APPENDIX 2.  SUGGESTED ELEMENTS FOR CONSIDERATION IN FOODBORNE AMR-RISK 
ASSESSMENT 

This appendix lists suggested elements to include in an AMR-risk assessment; the level of details of the data 
may vary on a case-to-case basis. This list is to provide for illustration and is not intended to be exhaustive 
and not all elements may be applicable in all situations.  

1. Hazard Identification 

1.1 Identification of hazard of concern: foodborne AMR microorganisms and antimicrobial resistance 
determinants in food and animal feed  

1.2 The antimicrobial agent and its properties 

• Description of the antimicrobial agent – name, formulation, etc. 

• Class of antimicrobial 

• Mode of action and spectrum of activity 

• Pharmacokinetics of antimicrobial agent 

• Existing or potential human and non-human uses of the antimicrobial agents and related drugs  

1.3 Microorganisms and resistance related information 

• Potential human pathogens (phenotypic and genotypic characterization) that likely acquire 
resistance in non-human hosts 

• Commensals with antimicrobial resistance determinants (phenotypic and genotypic 
characterization) and the ability to transfer them to human pathogens 

• Mechanisms of antimicrobial resistance, location of antimicrobial resistance determinants, 
frequency of transfer and prevalence among human and non-human microflora  

• Co- and cross-resistance and/or multiple resistance, and importance of other antimicrobial 
agents whose efficacy is likely to be compromised 

• AMR surveillance data 

• Pathogenicity, virulence, and their linkage to resistance  

2. Exposure Assessment 

2.1 Pre-harvest factors affecting prevalence of hazard on-farm 

• Resistance selection pressure: 

o Attributes of antimicrobial use at the population level: 

 Number of animal or extent of crop exposed to the antimicrobial agent in the 
defined time period 

 Geographical distribution of use and/or farms 

 Prevalence of infection/disease that the antimicrobial agent is indicated for in the 
target (animal/crop) population  

 Potential extra-label, off-label, and non-approved use of antimicrobial agent 

 Data on trends in antimicrobial use and information on emerging diseases, changes 
in farm production system, or other changes that are likely to impact antimicrobial 
use 

o Attributes of antimicrobial use at the individual level 

 Methods and routes of administration of the antimicrobial agent (individual/mass 
medication, local/systemic application) 

 Dosing regimen and duration of use 
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 Pharmacokinetics and pharmacodynamics in animals  

 Time from antimicrobial administration to harvest  

 Cumulative effects of use of other antimicrobial agents in the defined time period 

• Target animal or crop and microbial factors affecting resistance development and spread 

o Temporal and seasonal changes in foodborne AMR microorganism prevalence 

o Duration of infection/shedding of foodborne AMR microorganism(s) (zoonotic and/or 
commensal) of interest  

o Rate of resistance development in commensal and zoonotic microorganisms in targets 
after administration of an antimicrobial agent 

o Resistance mechanisms, location of antimicrobial resistance determinants, occurrence and 
rate of transfer of resistance between microorganisms 

o Cross-resistance and/or co-selection for resistance to other antimicrobial agents 
(phenotypic or genotypic characterization) 

o Prevalence of commensals and zoonotic microorganisms in targets and proportion 
resistant to the antimicrobial agent (and minimal inhibitory concentration levels) 

o Transmission of AMR microorganisms/antimicrobial determinants between target 
animals/crops, and from animals/crops to environment and back to target animals/crops  

o Animal management factors affecting immunity 

o Food crop production/management  

• Other possible sources of foodborne AMR resistant microorganisms for the target animal/crop 

o  Non-target animal/plant species  

o Animal feed  

o Soil or water, animal and human waste products  

2.2 Post harvest factors affecting frequency and concentration the AMR microorganism in food 

• Initial level of contamination of the food product 

o Frequency and concentration  of foodborne AMR microorganisms and/or their 
antimicrobial resistance determinants at slaughter or time of crop harvest  

o Frequency and concentration  foodborne AMR microorganisms and/or antimicrobial 
resistance determinants present in retail food  

o Food matrix factors (food product formulation) 

• Food processing factors 

o The level of sanitation and process control in food processing, and likely environmental 
contamination 

o Methods of processing (including sanitation and process controls such as GMP, GHP, and 
HACCP)  

o Points for cross-contamination 

o Packaging 

o Probable use of additives and preservatives (due to their activities or impacts on growth 
or numbers of microorganisms) 

o Starter cultures (type and number of microorganisms) used as ingredients 

o Distribution and storage 

o Catering and food services 
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• Consumer behaviours 

o Storage, cooking, and handling 

o Overall per capita consumption 

o Patterns of consumption and socio-economic, cultural, ethnic, and regional differences 

• Microbial factors 

o Capacity of food-derived resistant microorganisms to transfer resistance to human 
commensal and/or pathogenic microorganisms 

o Growth and survival characteristics of resistant microorganisms 

o Microbial ecology in food: survival capacity and redistribution of foodborne AMR 
microorganism in the production to consumption continuum 

2.3 Transfer of hazard 

• Transmission of antimicrobial resistance determinants/resistant microorganisms among animals, 
food, feed, environment  and humans 

• Occurrence and probability of resistance gene transfer from resistant microorganisms to human 
commensals/pathogens 

2.4 Exposure to hazard 

• Quantity of various food commodities consumed 

• Point of food consumption (home, commercial establishment, or informal establishment) 

• Human demographics data  

• Socio-cultural etiquettes and susceptibility in relation to food consumption habits; consumption 
of a particular food commodity could be qualitatively classified as low, medium, or high  

• Practices associated with food handling and processing  

3. Hazard Characterization 

3.1 Human host and adverse health effects 

• Host factors and susceptible population 

• Nature of the infection, disease 

• Diagnostic aspects 

• Epidemiological pattern (outbreak or sporadic) 

• Treatment with antimicrobial therapy and hospitalization 

• Drug selection for infections 

• Importance of antimicrobial drug in human medicine 

• Increased frequency of infections and treatment failures 

• Increased severity of infections, including prolonged duration of disease, increased frequency of 
bloodstream infections, increased hospitalization and increased mortality  

• Persistence of hazards in humans 

3.2 Food matrix related factors that can influence the survival capacity of the microorganisms while 
passing through the gastrointestinal tract. Dose-response relationship: mathematical relationship between the 
exposure and probability of adverse outcome (e.g., infection, disease, and treatment failure) 

4. Risk Characterization 

4.1 Factors in risk estimation 



ALINORM 10/33/42 Appendix II 
 

52

• Number of people falling ill and the proportion of that number with resistant strains of 
microorganisms attributable to foodborne source 

• Effects on sensitive subpopulations 

• Increased severity or duration of infectious disease due to resistance 

• Number of person-days of disease per year 

• Deaths (total per year; probability per year or lifetime for a random member of the population or 
a member of a specific more-exposed or more-vulnerable subgroup) 

• Importance of pathology caused by the target microorganisms  

• Existence or absence of therapeutic alternatives; absence of alternative antimicrobial agent and 
alternatives with potential  

• Alternatives available in case of resistance, and potential impact of switching to alternative 
antimicrobial agent; absence of alternative antimicrobial agents or potential impact of switching 
to alternative antimicrobial agent (e.g., alternatives with potential toxicity). 

• Incidence of resistance  

• Consequences to allow weighted summation of (e.g., disease and hospitalization) or some 
arbitrary scale of impact to allow weighted summation of different risk impacts  

4.2 Evaluation of RMOs  

• Comparison of public health burden before and after interventions  

• Potential effect on animal health relevant to food safety 

4.3 Sensitivity analysis  

• Effect of changes in model input values and assumption on model output  

• Robustness of model results (output)  

4.4 Uncertainty and variability analysis 

• Range and likelihood of model predictions  

• Characterize the precision of model prediction 

• Relative contributions of uncertainties in model input to uncertainty in the model output 
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APPENDIX 3.  EXAMPLES OF QUALITATIVE FOODBORNE AMR-RISK ASSESSMENT  

1. Although quantitative risk assessments are encouraged, qualitative risk assessments are often preferred 
due to their potential lower data demands.  The level of scrutiny, review and standards of logic and reasoning 
to which a qualitative approach should be held are, however, no less than those to which a quantitative 
approach is subjected. 

2. The following examples illustrate potential approaches that can be used to conduct a qualitative risk 
assessment. However, this should not be viewed as a recommended or accepted default approach for 
adoption.  The thought process and discussions that surround the development of categories for the exposure 
or the hazard characterization (e.g., “rare,” “high,” etc.) as well as how these categories translate into the 
ultimate risk outcome, are a key part of the decision making and risk management process.  The essential 
parts of developing a qualitative risk assessment could be grouped into three basic tasks: 

• The development of qualitative statements or scores to describe the exposure assessment (e.g., 
“high,” “medium,” etc.), with careful consideration given to the implications and interpretation 
of these categorizations; 

• The categorization of hazard characterization into qualitative statements or scores, with similar 
considerations as the exposure assessment into interpretation and implications; and 

• The process through which the different exposure and hazard characterization categories or 
scores are combined and integrated into overall risk levels (e.g., what does a “low” in exposure 
and a “high” in hazard characterization translate to, and is it different from a “medium” in both). 

3. There are currently no pre-defined hazard characterization or exposure assessment categories that can 
be used, and different categories may be more suitable for certain situations.  The approach used to integrate 
the exposure assessment and hazard characterization can also vary. 

Example 1 

Illustrative Exposure Assessment Scoring 

4. Typically, in a qualitative risk assessment, the probability of the population being exposed to the 
hazard is translated into a series of qualitative statements.  The qualitative risk assessment requires expert 
opinions or other formalized, transparent and documented process to take the existing evidence and convert 
it into a measure of the probability of exposure.  To illustrate, the probability has been converted into the 
following categories and scores: 

• Negligible (0) – Virtually no probability that exposure to the hazard can occur; 
• Moderate (1) – Some probability for exposure to occur;  
• High (2) – Significant probability for exposure to occur.  

5. The assignment of both a statement reflecting the exposure probability as well as a corresponding 
score is done in this example to facilitate the process through which the exposure and hazard characterization 
will subsequently be combined.  The description of the categorical statements includes an assessment 
providing greater detail as to the interpretation behind each of the categories. 

Illustrative Hazard Characterization Scoring 

6. The hazard characterization translates the outcomes of this step into qualitative statements that reflect 
the implications of exposure to a hazard.  While the exposure assessment qualitatively captures the 
probability of being exposed, the hazard characterization qualitatively estimates the implications of being 
exposed.  In microbiological risk assessment, the focus of the hazard characterization step is to translate the 
probability of exposure to the probability of disease; however, in foodborne AMR-risk assessments, the 
focus is likely to be the implications of exposure to resistant microorganisms that are over and above those of 
being exposed to susceptible organisms.  To illustrate, the following categories are proposed: 

• Negligible (0) – Probability of disease upon exposure is the same as for susceptible organisms 
and the outcomes as a result of disease is not different; 

• Mild (1) – Probability of disease upon exposure is the same as for susceptible organisms, but the 
outcomes following disease are more serious requiring hospitalization; 
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• Moderate (2) – Probability of disease upon exposure is higher and outcomes following disease 
are more serious requiring hospitalization; 

• Severe (3) – Probability of disease is higher and outcomes following disease are very serious 
requiring hospitalization as well as creating the potential for treatment failures requiring lengthy 
hospitalization. 

Illustrative Risk Characterization Output 

7. Ultimately, the exposure assessment and hazard characterization need to be integrated in the risk 
characterization in order to estimate the risk.  By assigning each of the qualitative categories (e.g., “high,” 
“medium,” etc.) with a numerical score (e.g., 0, 1, 2), the results can be produced in a transparent way by 
simply multiplying the scores.  The resulting risk characterization score can then be translated into 
meaningful qualitative risk categories.  In this example, the products of the exposure assessment and hazard 
characterization are assigned the following categories: 

No Additional Risk:  Value of 0 
Some Additional Risk:  Value between 1 and 2 
High Additional Risk:  Value between 3 and 4 
Very High Additional Risk: Value between 5 and 6 

8. The results could also be presented graphically as shown below, providing a clear picture of how 
outcomes are judged to be “very high additional risk” or “no additional risk,” for example. 

Exposure Assessment 
 

Negligible Moderate High 
Negligible 0 0 0 
Mild 0 1 2 
Moderate 0 2 4 

Hazard 
Characterization 

Severe 0 3 6 
 

Legend 
Negligible 0 = No additional risk 
Mild 1-2 = Some additional risk 
Moderate 3-4 = High additional risk 
Severe 6 = Very high additional risk 

Example 2 

Illustrative Exposure Assessment Scoring 

9. The rankings of “Negligible,” “Low,” “Medium,” “High,” and “Not Assessable” may be used for 
qualitative determination of the probability of human exposure to a given foodborne resistant microorganism 
in a given food or feed commodity, animal species, or plant.  The different ranking is defined below: 

• Negligible – The probability of exposure to susceptible people is extremely low; 
• Low (Unlikely) – The probability of exposure to susceptible people is low but possible; 
• Medium (Likely/Probable) – The probability of exposure to susceptible people is likely; 
• High (Almost Certain) – The probability of exposure to susceptible people is certain or very 

high; 
• Not assessable – The probability of exposure to susceptible people cannot be assessed. 
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Illustrative Hazard Characterization Scoring 
10. The AMR-related adverse human health effects (i.e., risk endpoints) may be ranked qualitatively as 

below22 .  In this example, it is considered that adverse health effects associated with the microorganisms that 
are resistant to critically important antimicrobials in human medicine23 (will likely have a more severe 
consequence than those with microorganisms resistant to antimicrobials of other categories: 

• Negligible – No adverse human health consequences or within normal limits; 
• Mild – Symptoms are minimally bothersome and no therapy is necessary; 
• Moderate – Symptoms are more pronounced, or of a more systemic nature than mild symptoms, 

but not life threatening; some form of treatment is usually indicated; 
• Severe – Symptoms are potentially life threatening and require systematic treatment and/or 

hospitalization; increase severity may occur due to the foodborne AMR microorganism; 
• Fatal – Directly or indirectly contributes to the death of the subject; treatment failure is likely 

expected due to the foodborne AMR microorganism. 
Illustrative Risk Characterization Scoring 
11. In a qualitative risk assessment, the risk estimate may be integrated into the qualitative (descriptive) 

considerations of “Negligible,” “Low,” “Medium,” “High,” and “Very High” from the outputs of the 
Exposure Assessment and Hazard Characterization steps.  An example of integration is presented in Table 2.  

Table 2.  Integration of the Outputs of Hazard Characterization and Exposure Assessment 
into the Qualitative Risk Characterization  
Exposure Assessment Hazard Characterization Qualitative 

Risk Characterization 

Probability of Exposure  Severity of Adverse Health 
Effect  

Negligible  Negligible  Negligible  
Low (Unlikely)  Negligible  Negligible  
Medium (Possible)  Negligible  Low  
High (Almost Certain)  Negligible  Low  
Negligible  Low (Mild)  Low  
Low (Unlikely)  Low (Mild)  Low  
Medium (Possible)  Low (Mild)  Medium  
High (Almost Certain)  Low (Mild)  Medium  
Negligible  Medium (Moderate)  Low  
Low (Unlikely)  Medium (Moderate)  Low  
Medium (Possible)  Medium (Moderate)  High/Medium  
High (Almost Certain)  Medium (Moderate)  High  
Negligible  High (Severe)  Low  
Low (Unlikely)  High (Severe)  Medium  
Medium (Possible)  High (Severe)  High  
High (Almost Certain)  High (Severe)  Very High  
Negligible  Very High (Fatal)  Medium/Low  
Low (Unlikely)  Very High (Fatal)  High  
Medium (Possible)  Very High (Fatal))  Very High  
High (Almost Certain)  Very High (Fatal))  Very High 

 

                                                   
22  Modified after National Cancer Institute, 2006.  Common terminology criteria for adverse events v3.0.  
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf 
23 FAO/OIE/WHO.  2008.  Joint FAO/WHO/OIE Expert Meeting on Critically Important Antimicrobials Report of the 
FAO/WHO/OIE Expert meeting, FAO, Rome, Italy, 26–30 November 2007.  
http://www.fao.org/ag/agn/agns/files/Prepub_Report_CIA.pdf 
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