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Foreword 

Infection prevention and control measures, along with the surveillance of antimicrobial resistance and 

its use, are key objectives to maintain the health and safety in the chicken meat industry. As such, in 

2016, the Antimicrobial Stewardship was established to ensure individual companies create a 

proactive approach to future production and development in an effort to reduce antimicrobial 

resistance within the Australian chicken meat industry. In 2018, an independent validation of these 

programs will be undertaken in order to develop a method of assessing the implementation of the key 

elements, develop a verification program for company audits, and to complete a pilot verification 

methodology for individual companies. 

The outcomes of this research will benefit all employees within the Australian chicken meat industry, 

improve the health and welfare of the animals involved and, most importantly, this research will 

ensure the safety and biosecurity of the general public, in the present and in the future. 

The main focus of the chicken meat industry Antimicrobial Stewardship is to promote planning 

regarding how to not use antibiotics, rather than using them judiciously. The ultimate goal is to 

provide effective antimicrobial therapy, whilst simultaneously safeguarding their effectiveness for 

future use. Chicken meat producers in Australia have already developed high levels of effective 

maintenance of bird health and welfare through the appropriate use of antibiotics and must continue to 

do so in order to safeguard the future of the industry.   

Business management must recognise the value and benefits of preserving antibiotics and make 

Antimicrobial Stewardship a priority. They must critically examine their current practices and work 

toward reducing, replacing and refining antibiotics use, whilst maintaining high levels of animal 

health and welfare. 

This report for the AgriFutures™ Chicken Meat Program is an addition to AgriFutures Australia’s 

diverse range of over 2000 research publications and it forms part of our Growing Profitability arena, 

which aims to enhance the profitability and sustainability of our levied rural industries. 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 

purchasing online at: www.agrifutures.com.au.  

 

John Harvey 

Managing Director 

AgriFutures Australia 

  

http://www.agrifutures.com.au/
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Abbreviations 

 

AMR- Antimicrobial resistance 

AMS- Antimicrobial Stewardship 

APVMA- The Australian Pesticides and Veterinary Medicines Authority  

CRAU- Certified Responsible Antibiotic Use  

FQs- Fluoroquinolones 

GSP- Good stewardship practice 

IDSA- Infectious Diseases Society of America  

WHO- World Health Organisation 
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Executive Summary 

What the report is about 

With a global increase in concern regarding the public health crisis related to antimicrobial resistance, 

it is important to ensure that all antimicrobial agents used in the Australian chicken meat industry are 

done so in a responsible manner that is consistent with efficient industry practice. Infection prevention 

and control measures, along with the surveillance of antimicrobial resistance and its use, are key 

objectives to maintain the health and safety in the chicken meat industry. 

In 2016, the Antimicrobial Stewardship was established to ensure individual companies create a 

proactive approach to future production and development. In 2018, an independent validation of these 

programs will be undertaken in order to develop a method of assessing the implementation of the key 

elements, develop a verification program for company audits, and to complete a pilot verification 

methodology for individual companies.  

Antimicrobial Stewardship is the process by which the effectiveness of antimicrobials can be 

preserved to ensure a proactive approach to future production and development, and a framework for 

effectively implementing this is outlined in this study. 

Who is the report targeted at? 

This report is targeted at all employees associated with antimicrobial use in the Australian chicken 

meat industry. 

The outcomes of this research will benefit all employees within the Australian chicken meat industry 

by providing information on approved antimicrobial agents and their rating, vaccines registered for 

use in poultry, a decision making flow chart and examples of refined approaches to early detection of 

poultry diseases. Further, this research will improve the health and welfare of the animals involved 

and, most importantly, this research will ensure the safety and biosecurity of the general public, in the 

present and in the future. 

Where are the relevant industries located in Australia?  

The chicken meat industry is highly vertically integrated, with the processing companies controlling 

farm inputs such as the chickens, feed, husbandry advice and flock health management. The majority 

of production is undertaken by the seven largest Australian processing companies, all of which 

contributed to this project. In excess of 650 million chickens are produced in Australia annually, with 

>90% of this supplying the domestic market, on approximately 700 farms around Australia. 

Background 

Aims/objectives 

The main focus of the chicken meat industry Antimicrobial Stewardship is to promote planning 

regarding how to not use antibiotics, rather than using them judiciously. The ultimate goal is to 

provide effective antimicrobial therapy, whilst simultaneously safeguarding their effectiveness for 

future use.  

Methods used  

Antimicrobial stewardship is the process by which the effectiveness of antimicrobials can be 

preserved, and a framework for developing and maintaining antimicrobial stewardship is described in 

this report. 
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Results/key findings 

The ‘5R’ framework can help improve bird health, maximise antimicrobial effectiveness and 

minimise resistance. The framework outlines the Responsibility of users, the Review of regular use, 

how to Reduce and Refine the use of antimicrobials, and to Replace antimicrobials when available.  

To help guide antimicrobial users in the Australian chicken meat industry, information is provided 

regarding approved antimicrobial agents and their rating, vaccines registered for use in poultry, a 

decision making flow chart and examples of refined approaches to early detection of poultry diseases.  

Implications for relevant stakeholders 

It is important to proactively implement an inclusive and participatory approach to Antimicrobial 

Stewardship, to build ownership and commitment to safe antimicrobial practices.  

Chicken meat producers in Australia have already developed high levels of effective maintenance of 

bird health and welfare through the appropriate use of antibiotics and must continue to do so in order 

to safeguard the future of the industry.   

Recommendations 

Business management must recognise the value and benefits of preserving antibiotics and make 

Antimicrobial Stewardship a priority. They must critically examine their current practices and work 

toward reducing, replacing and refining antibiotics use, whilst maintaining high levels of animal 

health and welfare.  

 

 



 

1 

Introduction  

In view of the growing global concern regarding the public health risks associated with antimicrobial 

resistance (AMR), and the adoption by the Australian Government of Australia’s First National 

Antimicrobial Resistance Strategy (Australian Government, 2015), it is increasingly important to 

ensure that all antimicrobial agents (refer to Appendix 1 and 2) are used in a responsible manner and 

meet the best industry practice. 

The AMR Strategy was designed to address all uses of antimicrobials in humans and animals, 

including livestock and companion animal species. The strategy contained the following 7 objectives: 

• increase awareness and understanding of antimicrobial resistance through effective 

communication, education and training  

• implement effective antimicrobial stewardship practices 

• develop nationally coordinated One Health surveillance of antimicrobial resistance and 

antimicrobial usage 

• improve infection prevention and control measures 

• agree on a national research agenda 

• strengthen international partnerships and collaborations. 

• establish and support clear governance arrangements to ensure leadership, engagement and 

accountability for actions to combat antimicrobial resistance. 

The objectives of antimicrobial stewardship (2), the surveillance of antimicrobial resistance and use 

(3), and infection prevention and control measures (4) are particularly important and relevant to the 

Antimicrobial Stewardship framework for the chicken meat industry. 

The Australian Pesticides and Veterinary Medicines Authority (APVMA) (and its regulatory 

predecessors) has maintained a conservative approach to the registration of antimicrobial agents for 

use in food producing animals. This has resulted in a limited number of antimicrobial agents available 

for use in poultry in Australia (Appendix 2), necessitating a judicious approach to their use to ensure 

they remain effective.  Importantly, one class of antimicrobial agent, the fluoroquinolones (FQs), is 

widely used in poultry worldwide and is associated with the selection and dissemination of AMR in 

public health, although it has never been approved for use in Australia. 

A recent global review of AMR, conducted on behalf of the UK Government, revealed that 

antimicrobial use in food producing animals in Australia was amongst the lowest in the world 

(O’Neill, 2015).  While the data in this report combined use in all livestock species, the results are 

consistent with low antimicrobial use in Australian poultry production. The long standing, 

conservative approach to antimicrobial registration and use in Australia has led to the fortunate 

position that AMR of public health importance is either absent, or at very low levels in samples 

obtained from Australian chickens (Abraham et al.  2014; Barlow and Gobius, 2008; Barton et al. 

2003; DAFF, 2007; Page, 2012). 

Despite the favourable antimicrobial resistance situation in Australian chickens, it is essential to 

ensure that the antimicrobial agents available for use in the industry are preserved. This is achieved by 

maintaining bird and flock health to reduce the need for antimicrobial treatment, and ensuring that 

when treatment is necessary, the use of antimicrobials maximises treatment effectiveness while 

minimising adverse effects on resistance. Antimicrobial stewardship is the process by which the 

effectiveness of antimicrobials can be preserved, and a framework for developing and maintaining 

antimicrobial stewardship is described in this document. 
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Objectives of the Antimicrobial 
Stewardship (AMS) 

The new discipline of antimicrobial stewardship needs to be distinguished from antimicrobial prudent 

use, which has been the subject of innumerable guidelines written and introduced over many decades. 

Prudent use is defined by the World Health Organisation (WHO) as, “usage of antimicrobials which 

maximizes therapeutic effect and minimizes the development of antimicrobial resistance” (WHO 

2001). The Federation of Veterinarians of Europe (FVE, 1999) adds that “Prudent use is an integral 

part of good veterinary practices. It is an attitude to maximise therapeutic efficacy and minimise 

selection of resistant micro-organisms. Prudent use principles are a guide for optimal use of 

antibiotics. They should not be interpreted so restrictively as to replace professional judgement of 

practitioners or to compromise animal health or welfare. In all cases, animals should receive prompt 

and effective treatment as deemed necessary by the prescribing or supervising veterinarian”. 

Despite the long-term existence of prudent use principles and guidelines for medical and veterinary 

practices, the use of antimicrobials worldwide has continued to escalate, and AMR has increased 

relentlessly, especially in humans, to the global crisis that now exists. 

Although prudent use guidelines were passive documents that were widely distributed but 

infrequently used, AMS has the primary objective to review, measure and monitor progress towards 

the common goal, as stated by WHO and FVE above. 

The most widespread definition of AMS in the medical world is that of the Infectious Diseases 

Society of America (IDSA) (Dellit et al. 2007). That is, “coordinated interventions designed to 

improve and measure the appropriate use of [antibiotic] agents, by promoting the selection of the 

optimal [antibiotic] drug regimen including dosing, duration of therapy, and route of administration.” 

A similar definition in the veterinary literature describes antimicrobial stewardship as, “the 

multifaceted and dynamic approaches required to sustain the clinical efficacy of antimicrobials by 

optimizing drug use, choice, dosing, duration, and route of administration, while minimizing the 

emergence of resistance and other adverse effects” (Guardabassi and Prescott, 2015). 

Further distinguishing AMS from prudent use, the main focus of chicken meat industry AMS is 

captured by the following statement; ‘It promotes planning about how to NOT use antibiotics, 

rather than using them judiciously.’ If antimicrobials are needed, then the maxim, ‘as little as 

possible, as much as necessary’, is a guiding principle. 

To plan to not use antimicrobials it is essential to implementing infection prevention and control 

strategies into the veterinary AMS framework. 

The ultimate goal of the AMS is, “to provide effective antimicrobial therapy, whilst safeguarding their 

effectiveness for future generations”. 
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Results 

5R Framework of Antimicrobial Stewardship 

The antimicrobial framework that captures the definition and goal of the AMS is summarised in the 

following infographic. 

 

The three key elements of the framework include: 

• the introduction of the term, ‘Good Stewardship Practice’, or GSP (Weese et al. 2016; 

Prescott and Boerlin, 2016) to describe what is necessary when implementing an AMS plan.  

It should be noted that GSP is a commitment to a global good (AMR reduction), can be 

individualised to each situation, can commence slowly and build progressively, and is not 

labour or cost intensive. 

• the 5R core elements of antimicrobial stewardship are; 

- RESPONSIBILITY, 

- REVIEW, and 

- The 3Rs of responsible use: REDUCE, REFINE and REPLACE 

• the cycles of continuous improvement. 

Further description of the 5R elements are described below. 

 

RESPONSIBILITY 

The appropriate use of antimicrobials is a shared responsibility between the prescribing veterinarian, 

who accepts responsibility for the decision to use an antimicrobial agent, and the livestock producer, 

who is responsible for following all directions of use and implementing associated management 

changes. This approach safeguards the health and welfare of the animals, whilst minimising the 

likelihood of any immediate or longer term adverse impacts on the individual animal, other livestock, 

or on public health. 

Every worker in each chicken meat enterprise, from senior management to casual employees, 

recognises the importance of preserving the effectiveness of antibiotics, and therefore becomes an 

antimicrobial steward. Enterprises or company management make AMS a priority, support the 

formation of an AMS team and the development and implementation of the AMS plan. 
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REVIEW 

AMS initiatives should be reviewed regularly. A process of continuous improvement adopted to 

evaluate compliance with initiatives is required to ensure that antimicrobial practices reflect the 

industries best practice. 

The current status of animal health and welfare and antibiotic use is reviewed progressively; areas for 

improvement are identified, objectives of GSP are described, and progress and outcomes of the AMS 

plan are monitored and measured. 

Measurement: Quantity of Use 

Each antimicrobial use must be recorded by the AMS team and the records periodically analysed to 

determine the quantity of each antimicrobial agent (as mg or kg of antimicrobial active ingredient) 

used per year (or other unit of time). 

The calculation of quantity of use can be derived from the information set out in Table 1. 

 

Table 1: Quantity of antimicrobial use calculations. 

 

 

It is clear from Table 1 that, if the AMS objective is to reduce antimicrobial use, then shorter 

treatment periods equate to less antimicrobial use. In addition, the fewer the number of birds treated, 

the less antimicrobial agent used. Identifying individual birds, or small groups of birds, for treatment 

instead of treating an entire house of birds, can reduce antimicrobial use considerably.  An AMS team 

question needs to be, “how can birds be selected or segregated for targeted treatment”? 

Measurement: Quality of Use (Appropriate Use) 

While it is generally not difficult to measure the quantity of antimicrobial agents used (as it is purely a 

mathematical computation of information from accurate treatment records), the ability to measure the 

quality of use can be challenging. However, achieving a high level of quality use of antimicrobials is 

an important AMS goal. 

One approach to measuring quality of use is set out in Table 2 (National Centre for Antimicrobial 

Stewardship and Australian Commission on Safety and Quality in Health Care, 2016). 

The basic principle of assessment of quality is whether or not the prescription, or use, of 

antimicrobials was compliant with the most appropriate local and national antimicrobial use 

guidelines. 
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In order to assess quality of use of antimicrobials, it is necessary that the indication, or reason, for 

antimicrobial use is recorded and there must be an antimicrobial use guideline available as the 

reference standard for quality determination. 

Table 2: Measuring the quality of antimicrobial use, as outlined by the National Centre for 
Antimicrobial Stewardship and Australian Commission on Safety and Quality in 
Health Care, 2016. 

APPROPRIATE 

1 Optimal Antimicrobial prescription follows a national or endorsed local guideline, 

including antimicrobial choice, dosage, route and duration (including use for 

surgical prophylaxis). 

2 Adequate Antimicrobial prescription does not optimally follow the national or endorsed 

local guideline, including antimicrobial choice, dosage, route or duration, 

however, is a reasonable alternative choice for the likely causative or cultured 

pathogens; OR for surgical prophylaxis, as above, and duration is less than 24 

hours. 

INAPPROPRIATE 

3 Suboptimal Antimicrobial prescription including antimicrobial choice, dosage, route and 

duration is an unreasonable choice for the likely causative or cultured 

pathogens, including spectrum excessively broad, or an unnecessary overlap 

in spectrum of activity; and/or failure to appropriately de-escalate with 

microbiological results. 

4 Inadequate Antimicrobial prescription including antimicrobial choice, dosage, route or 

duration is unlikely to treat the likely causative or cultured pathogens; OR an 

antimicrobial is not indicated for the documented or presumed indication; OR 

there may be the potential risk of toxicity due to drug interaction; OR for 

surgical prophylaxis, the duration is greater than 24 hours (except where 

guidelines endorse this). 

UNKNOWN 

5 Not 
assessable 

The indication is not documented and cannot be determined from the clinical 

case notes; OR the case notes are not comprehensive enough to assess 

appropriateness; OR the patient is too complex, due to multiple co-

morbidities, microbiology results, etc. 

 

REDUCE 

Wherever possible, methods of reducing the use of antimicrobials should be implemented. Infection 

control and prevention measures underpin animal health and welfare and are supported by meticulous 

hygiene, precision nutrition, biosecurity, vaccination, and expert animal husbandry, which ensure 

infectious disease incidence (and need for antimicrobials) is minimised. 

Vaccine use can protect birds from bacterial diseases, as well as protozoal and viral diseases that 

compromise immunity and predispose animals to a secondary bacterial infection. A list of vaccine 

targets is provided in Appendix 3.  
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Biosecurity 

Biosecurity can be defined as, the sum of management and physical preventive measures designed to 

reduce the risk of the introduction, development and spread of diseases to, from and within an animal 

population (EFSA, 2017). 

Poultry operations are already very familiar with the benefits and critical importance of biosecurity.  

Biosecurity is also a vital component of an AMS, as reduced occurrence of infectious disease 

translates directly to less need for antimicrobial use. 

The 3 fundamental elements of biosecurity are described below, the application of each is essential to 

successful antimicrobial stewardship. 

1: Primary Prevention: External Biosecurity (bioexclusion) 

• Minimising the introduction of animals, 
• Minimising the number of sources of introduced animals, 
• Cleaning and disinfection of transport vehicles and containers, 
• Isolation of sick birds before introduction, 
• Provision of clean water, feed, and air, 
• Housing must exclude pests, control human access and filter exhaust to reduce 

pathogen load. 
 

2: Secondary Prevention: Internal Biosecurity (biocontainment)  

• All-in-all-out production system, 
• Hygiene and infection control protocols, 
• Housing design – ventilation and drainage etc, 
• Litter/bedding materials, 
• Early diagnosis of disease, 
• Once a pathogen is present, introduce measures to eliminate or reduce 

transmission, guided by on-farm microbiological risk assessment, 
• Reduce stocking density, segregation and sick pens. 

 

3: Tertiary Prevention: Individual animal resilience (adaptive capacity to a changing environment) 

• Genetic selection, 
• Vaccination, 
• Management (handling, low stress, enrichment), 
• Nutrition, 
• Housing (ventilation, temperature, stocking rate, hygiene). 

 

REFINE 

Refined use means the right diagnosis, the right drug, at the right time, at the right dose, via the right 

route, and for the right length of time. Information about each use of an antimicrobial agent should be 

recorded so that total use can be evaluated, and future use fine-tuned. 
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Detection and Diagnosis 

Disease detection and diagnosis can be difficult, and infection has often progressed substantially 

before any evidence is observed. However, early detection and diagnosis permit earlier interventions, 

which can improve treatment outcomes and reduce AMR selection. 

Several remote and automatic techniques are being developed to monitor bird behaviour and 

movement, to detect patterns and changes consistent with emerging ill health. Examples of these are 

outlined in Appendix 4. 

Core Principles of Judicious Use 

Refined antimicrobial use can be ensured by following the five core principles of judicious use, which 

offer guidance throughout the process of treatment decision making and monitoring: 

1. Pre-treatment principles 
2. Diagnosis 
3. Drug selection 
4. Drug use 
5. Post-treatment guidelines 

 
Full details of the core principles are provided in Appendix 5. 

REPLACE 

Replacement of antimicrobials should be considered whenever available evidence supports the 

efficacy, safety and low (or absent) potential to select for AMR of the alternative. 

There has been substantial interest for almost two decades in finding alternatives to antibiotics for use 

in poultry and other livestock species. Enzymes, organic acids, prebiotics, probiotics, synbiotics, 

competitive exclusion, antibodies, immunomodulators, bacteriophages, predatory bacteria, 

phytochemicals (chemicals obtained from plants), essential oils, antimicrobial peptides, clays 

(including zeolites), minerals and other approaches have been investigated. A recent review 

undertaken on behalf of the European Food Safety Authority (2017) concluded that, “only a limited 

number of articles provide robust scientific evidence that conclusively prove that the above agents are 

successful alternatives that positively affect health parameters in animals”. 

One important task of the AMS team is to identify alternatives with sufficient evidence to be 

considered as safe and effective replacements for antimicrobial use. 
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Implications 

It is evident from the core elements of AMS (or 5Rs) that chicken meat producers have already 

developed a lot of experience at maintaining high levels of bird health and welfare and appropriate 

antibiotic use. 

Therefore, introducing an antimicrobial stewardship plan is not expected to be demanding. The 

following steps summarise what can readily be done to get the AMS plan activated within the 

Australian chicken meat industry, with supplementary information supplied in Appendix 6. It is 

important to take an inclusive and participatory approach from the start, to build ownership and 

commitment to the AMS plan and its implementation. 

GSP Stage 1: 

• Responsibility – all workers in the industry must recognise the value of AMS and 

management must appoint a leader of the AMS plan 

• stocktake of current practices 

• review of practices against 3R prudent use principles (assess quantity & quality of use). 

GSP Stage 2: 

• develop objectives 

• implement AMS plan 

• review of stage 2: assess achievement of objectives. 

The first and most important task is for all workers in the Australian chicken meat industry to 

recognise the value and benefits of preserving antibiotics (for animal and human use) and making 

AMS a priority – this is adoption of the first core principle, RESPONSIBILITY. An antimicrobial 

stewardship leader is required in every facility, that is, someone who reports to management, can form 

an AMS team and coordinate the AMS activities. 

There must also be a REVIEW of the current management practices regarding antibiotic use. This 

must include; which antibiotics are used, the reason for use, the quantity of each antimicrobial used 

and whether or not there is an antimicrobial prudent use guideline relevant to guide its use. 

The next part of the review is to critically examine the current management practices and identify any 

possible ways in which it can be improved. The theories of REDUCE, REPLACE and REFINE 

should be used to help with this analysis and to help guide future practice. 

Examples of possible actions for improvement include: 

• can antimicrobials that are considered highly important for human use be replaced by 

antimicrobials of less importance when applied to animals? 

• are there peaks of poor health during the year that can be better managed, thereby 

reducing the need for antimicrobial use? 

• is current use of antimicrobials consistent (or complies) with the local prudent use 

guideline? 

• is more information required on local AMR to guide treatment decisions? 
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Once an area, or areas, of improvement have been identified, it is then possible to define and describe 

the first objective of the AMS plan. For example, the first objective might be to reduce the risk or 

likelihood of necrotic enteritis and thereby reduce associated antimicrobial use. 

After the main objective has been described, and with agreement of the team and management that it 

is appropriate, new responsibilities are assigned and the plan can be implemented. 

After a suitable time period (initially this might be at 3 and 6 months), progress towards achieving the 

objective can be assessed. Continuous REVIEW is an important feature of an AMS and should always 

be accompanied by action, either in the form of continuation of the original plan, or modification 

based on new information that becomes available. 

AMS plans must have two approaches to measuring outcomes; QUANTITITIVE (how much 

antibiotic is being used), and QUALITATIVE (does each use of antibiotics meet the quality criteria). 

Figure 1 summarises where AMS initiatives can help improve bird health, maximise antimicrobial 

effectiveness and minimise antimicrobial resistance. 

 

 

Figure 1: AMS initiatives that can improve bird health, maximise antimicrobial effectiveness 
and minimise antimicrobial resistance within the Australian chicken meat industry. 
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Recommendations 

Quality of antimicrobial use and prescribing guidelines 

In order to assess the quality of antimicrobial use, it is necessary to have a prescribing guideline that 

specifically reviews each of the major infectious diseases that require management, and provides 

evidence guided recommendations. 

Quality of use can be assessed by comparing actual use regimens with those set out in the guideline. 

Quantity of antimicrobial use  

There is no standard measure of the quantity of antimicrobial use. A table of key data should be 

prepared and adopted in order to retrospectively convert records of consumption to standard metrics. 

Education, training and continuous professional development  

There is an industry wide need for ongoing continued professional development addressing 

antimicrobial use and resistance, and provide updates on important developments, both within 

Australia and globally. 

This need exists for all livestock industry sectors, for the veterinary profession (both undergraduate 

and continuing professional development for veterinarians in practice) and for the medical profession. 

The heads of each Australian veterinary school are currently considering the development of an online 

AMR and AMS course for veterinarians. 

AMS program auditing  

There is interest in being able to benchmark performance, which will be aided by the development 

and implementation of a third-party audit program.  

AMR monitoring  

Current evidence suggests that the type and frequency of AMR in poultry bacterial isolates does not 

constituent a significant threat to the health and welfare of birds, or public health. Periodically re-

assessing the AMR status of bacteria from poultry is necessary, in order to monitor any shifts in 

frequency or type and to assess the impact of AMS program. The frequency and extent of AMR 

monitoring should be guided by epidemiological assessment, following the advice of a veterinary 

epidemiologist. 

Microbiology laboratory support  

An assessment of microbiology laboratory support should be made to ensure there is access to 

facilities that have appropriately qualified microbiologists that use validated microbiological methods. 

This support should be available for scheduled monitoring services, as well as support of disease 

investigation. 

Infectious disease expertise  

An assessment should be made of the availability of infectious disease experts that have knowledge 

and experience with poultry disease. Training programs may be required if a shortage of expertise is 

forecast. 



 

11 

Antimicrobial Stewardship verification strategy  

Verification of the implementation of each AMS plan is important for transparency to the industry, 

and to demonstrate commitment to the principles of an AMS. 

As recommended by the US Centre for Disease Control and Prevention (Sanchez et al. 2016), self-

audit of AMS plans is completely acceptable and encouraged. 

However, once the AMS plan has successfully completed its introductory pilot phase, practical 

lessons have been learned leading to changes in the AMS plan, and experience with AMS has been 

gained, then external auditing by an independent auditor should be considered a priority. 

An excellent model for AMS plan auditing is that described by the US Certified Responsible 

Antibiotic Use (CRAU) standard (http://www.schoolfoodfocus.org/wp-

content/uploads/dlm_uploads/2016/05/CRAU-Rationale-and-Standard_FIN.pdf), which could be 

readily adapted for use by the Australian chicken meat industry. However, this standard would need to 

be adapted for Australia for the following reasons: 

• some antibiotics listed are not registered for poultry in Australia 

• virginiamycin and tylosin phosphate can be used in feed for prevention 

• growers don’t often know what is in their feed 

• antibiotics may be used prehatch by some companies. 

The CRAU standard provides background, purpose, objectives, management principles, and 

responsible antibiotic use criteria. Assurance of compliance with the CRAU standard (or AMS plan in 

the current situation) requires third-party certification through inspection and audit. 

Audit guidelines and an audit checklist support compliance verification 

(https://www.ams.usda.gov/services/auditing/crau). 

It is recommended that AMS plan audit guidelines and audit checklist are commissioned and a list of 

possible third party external auditors is compiled. Auditors should have experience in animal health, 

infection prevention and control, biosecurity, livestock production, antimicrobial use and working 

knowledge of quality system principles. 

 

http://www.schoolfoodfocus.org/wp-content/uploads/dlm_uploads/2016/05/CRAU-Rationale-and-Standard_FIN.pdf
http://www.schoolfoodfocus.org/wp-content/uploads/dlm_uploads/2016/05/CRAU-Rationale-and-Standard_FIN.pdf
https://www.ams.usda.gov/services/auditing/crau
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Appendices 

APPENDIX 1 Antimicrobial agent importance rating  

 

CRITICALLY IMPORTANT ANTIMICROBIALS FOR HUMAN MEDICINE 

WHO 4th revision, (2016)  

[underlined antimicrobial classes have a member approved for use in poultry] 

* Highest Priority Critically Important Antimicrobials 

CRITICALLY 

IMPORTANT 

ANTIMICROBIALS 

HIGHLY 

IMPORTANT 

ANTIMICROBIALS 

IMPORTANT 

ANTIMICROBIALS 

ANIMAL USE ONLY 

ANTIMICROBIALS 

1. Aminoglycosides 

2. Ansamycins 

3. Carbapenems and 

other penems 

4. Cephalosporins (3rd 

and 4th generation)* 

5. Glycopeptides* 

6. Glycylcyclines 

7. Lipopeptides 

8. Macrolides and 

ketolides* 

9. Monobactams 

10. Oxazolidinones 

11. Penicillins (natural, 

aminopenicillins, 

and 

antipseudomonal) 

12. Phosphonic acid 

derivatives 

13. Polymyxins* 

14. Quinolones*  

15. TB. Drugs used 

solely to treat 

tuberculosis or other 

mycobacterial 

diseases 

16. Amidinopenicillins 

17. Amphenicols 

18. Cephalosporins (1st 

and 2nd generation) 

and cephamycins 

19. Lincosamides 

20. Penicillins 

(antistaphylococcal) 

21. Pleuromutilins 

22. Pseudomonic acids 

23. Riminofenazines 

24. Steroid 

antibacterials 

25. Streptogramins 

26. Sulfonamides, 

dihydrofolate 

reductase inhibitors 

and combinations 

27. Sulfones 

28. Tetracyclines 

29. Aminocyclitols 

30. Cyclic polypeptides 

31. Nitrofurantoins 

32. Nitroimidazoles 

 

33. Polyether 

ionophores 

(monensin) 

34. Glycophospholipids 

(bambermycins) 

35. Quinoxalines 

(olaquindox) 

36. Everninomicins 

(orthosomycins) 

(avilamycin) 

37. Aminocoumarin 

(novobiocin) 

38. Arsenical 

(roxarsone) 

39. Bicyclomycin 

(bicozamycin) 

40. Thiostreptons 

(nosiheptide) 

41. Quinoline 

(halquinol) 
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APPENDIX 2 Antimicrobial agents approved for use in Australian 
chickens  

ANTIBACTERIAL 

AGENT 

(25 agents 
registered) 

CLASS 

(15 classes of 

antibacterial 
registered) 

ROUTE OF 

ADMINISTRATION 

REGISTERED 

USE 

Poison 

Schedule 

ASTAG 

2015* 

WHO4 

2016* 

Spectinomycin + 

Lincomycin 

Aminocyclitol, 

Lincosamide 

Water, Injection treatment or 
prevention 

4 2, 2 3, 2 

Apramycin Aminoglycoside Water treatment or 
prevention 

4 3 1 

Neomycin Aminoglycoside Feed, water treatment or 
prevention 

4 3 1 

Roxarsone Arsenical Feed growth 
promotion 

6, 7 - - 

Flavophospholipol Glycophospholipid Feed growth 
promotion 

6, 4, 0 - - 

Lasalocid Ionophore Feed treatment or 
prevention 

6, 0 - - 

Maduramicin Ionophore Feed treatment or 
prevention 

7, 5, 0 - - 

Monensin Ionophore Feed treatment or 
prevention 

6, 5, 4 - - 

Narasin Ionophore Feed treatment or 
prevention 

6, 4, 0 - - 

Salinomycin Ionophore Feed treatment or 
prevention 

6, 4, 0 - - 

Semduramicin Ionophore Feed treatment or 
prevention 

7, 6 - - 

Erythromycin Macrolide Water treatment or 
prevention 

4 3 1 

Tylosin Macrolide Feed, water treatment or 
prevention 

4 3 1 

Avilamycin Orthosomycin Feed treatment or 

prevention + 
growth 

promotion 

4 - - 

Tiamulin Pleuromutilin Feed, water treatment or 

prevention 

4 3 2 

Bacitracin Polypeptide Feed treatment or 
prevention 

4 3 3 

Virginiamycin Streptogramin Feed treatment or 
prevention 

4 1 2 

Sulfadiazine  + 

Trimethoprim 

Sulfonamide, 

Diaminopyrimidine 

Water treatment or 
prevention 

4 3, 2 2 

Sulfadimidine Sulfonamide Water treatment or 
prevention 

4 3 2 
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ANTIBACTERIAL 

AGENT 

(25 agents 
registered) 

CLASS 

(15 classes of 

antibacterial 
registered) 

ROUTE OF 

ADMINISTRATION 

REGISTERED 

USE 

Poison 

Schedule 

ASTAG 

2015* 

WHO4 

2016* 

Sulfadimidine + 

Trimethoprim 

Sulfonamide, 

Diaminopyrimidine 

Water treatment or 
prevention 

4 3, 2 2 

Sulfaquinoxaline Sulfonamide Water treatment or 
prevention 

4 1 2 

Chlortetracycline Tetracycline Feed, water treatment or 
prevention 

4 1 2 

Oxytetracycline Tetracycline Feed, water treatment or 
prevention 

4 1 2 

Amoxicillin β lactam penicillin Water treatment or 
prevention 

4 1 1 

 

*KEY TO IMPORTANCE FOR HUMAN MEDICINE 

Code used in above 
table 

ASTAG 2015 

(Australian rating) 

WHO4 2016 

(World Health Organisation rating) 

1 high critically important 

2 medium highly important 

3 low important 

- no human use  

(listed in a paragraph by AMRSC as having 
no significant use in humans) 

no human use 

(not listed by the WHO) 

 

 

Antibacterials vs Antimicrobials 

There are a number of other products that are registered by the APVMA for use in meat chickens which do not appear on the 

above list because they have no antibacterial effect, therefore they are not listed on either the WHO or AMRSC lists. 

However, they are classified as antimicrobials under the Australian definition (JETACAR, 1999):  

“Antimicrobial- A chemical agent that, on application to living tissue or by systemic administration, will selectively kill or 

prevent of inhibit growth of susceptible organisms. This definition includes antibacterials (including ionophores), 

antiprotozoals, antifungals, antiseptics and disinfectants, but excludes antineoplastics, antivirals, immunologicals, direct-fed 

microbials and enzyme substances”. 

Products that fall into the category of antimicrobials but not antibacterials, include nicarbazin and other chemical 

anticoccidials (eg DOT). They do not appear on the list above because they are not antibacterial and therefore not listed by 

WHO or AMRSC.  

 

References 
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APPENDIX 3 Vaccines registered by APVMA for use in poultry  

 

VACCINES APPROVED FOR USE IN POULTRY IN 

AUSTRALIA* 

Immunogen Type 

Avian encephalomyelitis virus* Virus 

Avian influenza virus type A, H5N2* Virus 

Avibacterium paragallinarum Bacteria 

Chicken anaemia virus* Virus 

Clostridium perfringens Type A* Bacteria 

Egg drop syndrome 76 virus* Virus 

Eimeria acervulina* Protozoa 

Eimeria brunetti* Protozoa 

Eimeria maxima* Protozoa 

Eimeria mitis* Protozoa 

Eimeria necatrix* Protozoa 

Eimeria praecox* Protozoa 

Eimeria tenella* Protozoa 

Erysipelothrix rhusiopathiae Bacteria 

Escherichia coli*# Bacteria 

Fowl adenovirus* Virus 

Fowl pox vaccine* Virus 

Herpes virus of turkeys (HVT)* Virus 

Infectious bronchitis virus (IB)* Virus 

Infectious bursal disease virus (IBD)* Virus 

Infectious laryngotracheitis virus (ILT)* Virus 

Marek's disease virus* Virus 

Mycoplasma gallisepticum (MG)* Bacteria 

Mycoplasma synoviae (MS)* Bacteria 
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VACCINES APPROVED FOR USE IN POULTRY IN 

AUSTRALIA* 

Immunogen Type 

Newcastle disease virus (ND)* Virus 

Ornithobacterium rhinotracheale Bacteria 

Pasteurella multocida* Bacteria 

Riemerella anatipestifer Bacteria 

Salmonella Typhimurium* Bacteria 

APVMA PubCRIS and Permit databases, accessed 22 March 2017. 
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APPENDIX 4 Examples of refined approaches to early detection of 
infectious disease applicable to poultry  

Colles, F. M., et al. (2016). 

"Monitoring chicken flock 

behaviour provides early 

warning of infection by human 

pathogen Campylobacter." 

Proceedings of the Royal 

Society of London B: 

Biological Sciences 283(1822). 

Campylobacter is the commonest bacterial cause of 

gastrointestinal infection in humans, and chicken meat is the 

major source of infection throughout the world. Strict and 

expensive on-farm biosecurity measures have been largely 

unsuccessful in controlling infection and are hampered by the time 

needed to analyse faecal samples, with the result that 

Campylobacter status is often known only after a flock has been 

processed. Our data demonstrate an alternative approach that 

monitors the behaviour of live chickens with cameras and analyses 

the ‘optical flow’ patterns made by flock movements. 

Campylobacter-free chicken flocks have higher mean and lower 

kurtosis of optical flow than those testing positive for 

Campylobacter by microbiological methods. We show that by 

monitoring behaviour in this way, flocks likely to become positive 

can be identified within the first 7–10 days of life, much earlier 

than conventional on-farm microbiological methods. This early 

warning has the potential to lead to a more targeted approach to 

Campylobacter control and also provides new insights into 

possible sources of infection that could transform the control of 

this globally important food-borne pathogen. 

Dawkins, M. S., et al. (2012). 

"Optical flow, flock behaviour 

and chicken welfare." Animal 

Behaviour 84(1): 219-223. 

We used a combination of inexpensive camera equipment and 

statistical analysis of optical flow patterns to analyse the 

behaviour of 24 commercial broiler (meat) chicken flocks, Gallus 

gallus. Individual birds were not tracked or marked but the skew 

and kurtosis of flow patterns produced by the collective 

movements of the flocks were significantly correlated with key 

welfare measures such as % mortality, numbers of birds with 

hockburn (damaged leg skin) and abnormal walking behaviour 

(poor gaits) in individual birds. These correlations were already 

apparent in birds as young as 15–20 days. Optical flow patterns 

provided an information-rich link between flock and individual 

that could be important in the development of new ways of 

assessing the welfare of, and managing, broiler chickens. It could 

also have wider application to the study of other animal groups as 

an alternative to more invasive or intrusive methods. 

Dawkins, M. S., et al. (2017). 

"Early warning of footpad 

dermatitis and hockburn in 

broiler chicken flocks using 

optical flow, bodyweight and 

water consumption." Veterinary 

Record 180(20): 499-499. 

Footpad dermatitis and hockburn are serious welfare and 

economic issues for the production of broiler (meat) chickens. The 

authors here describe the use of an inexpensive camera system 

that monitors the movements of broiler flocks throughout their 

lives and suggest that it is possible to predict, even in young birds, 

the cross-sectional prevalence at slaughter of footpad dermatitis 

and hockburn before external signs are visible. The skew and 

kurtosis calculated from the authors’ camera-based optical flow 

system had considerably more power to predict these outcomes in 

the 50 flocks reported here than water consumption, bodyweight 

or mortality and therefore have the potential to inform improved 

flock management through giving farmers early warning of 

welfare issues. Further trials are underway to establish the 

generality of the results. 
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http://veterinaryrecord.bmj.com/content/vetrec/180/20/499.full.pd

f 

De Montis, A., et al. (2013). 

"Analysis of poultry eating and 

drinking behavior by software 

eYeNamic." Journal of 

Agricultural Engineering 

Research 44(2): 166-173. 

Constant presence of at least one operator in livestock buildings 

for broilers would allow a perfect control of animal behaviour and, 

especially, deviations in feeding and drinking patterns, in the 

perspective of a high welfare status. However, as nowadays it is 

impossible for a farmer to be present in the farm all day long, 

automatic monitoring systems are required. The purpose of this 

paper is to introduce a system (eYeNamic) for automatic 

monitoring and analyzing broilers’ behavior in a farm. eYeNamic 

is a camera system introduced and produced by Fancom BV, a 

company operating in the field of automation of livestock 

facilities. It includes three cameras located on the ridge of the 

broiler house and able to monitor chickens’ behaviour twenty-four 

hours a day. Through eYeNamic it is possible to process the 

images and to obtain a measure of animals’ distribution and 

activity, which can be conceived as valuable indicators of animal 

welfare. The study presented in this paper was divided into several 

phases: data collection, images visualization, observation of the 

distribution and activity of the chickens, and statistical analysis of 

the observations. The analysis of correlation between the number 

of 14 days old broilers near the feeding line (manual counted) and 

the average occupation density measured with eYenamic indicates 

that the best conditions have occurred with a 50 cm by 75 cm area 

around each feeding pan. With reference to the drinking line, the 

best response was found in an area 50 cm wide and the whole 

drinking line long. For the activity behavior, there was no 

significant correlation between activity and number of chickens 

eating from all the pans: this confirms that broilers while eating 

reduce their activity. It was concluded from this study that 

eYeNamic is a good system to observe animal behavior and, 

especially, to take care of their drinking and eating behaviour. A 

satisfactory correspondence between eYeNamic remote and 

human observations depends on a correct definition of animals’ 

eating behaviour. In our case, this correspondence is established 

for the manual labeling, only if a broiler maintains its whole head 

inside the pan for a period lasting 20 seconds. In many cases the 

simple closeness to the pan or drinking line does not guarantee 

that a broiler is eating or drinking. 

Neethirajan, S. (2017). "Recent 

advances in wearable sensors 

for animal health management." 

Sensing and Bio-Sensing 

Research 12: 15-29. 

Biosensors, as an application for animal health management, are 

an emerging market that is quickly gaining recognition in the 

global market. Globally, a number of sensors being produced for 

animal health management are at various stages of 

commercialization. Some technologies for producing an accurate 

health status and disease diagnosis are applicable only for humans, 

with few modifications or testing in animal models. Now, these 

innovative technologies are being considered for their future use 

in livestock development and welfare. Precision livestock farming 

techniques, which include a wide span of technologies, are being 

applied, along with advanced technologies like microfluidics, 

sound analyzers, image-detection techniques, sweat and salivary 

sensing, serodiagnosis, and others. However, there is a need to 

integrate all the available sensors and create an efficient online 
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monitoring system so that animal health status can be monitored 

in real time, without delay. This review paper discusses the scope 

of different wearable technologies for animals, nano biosensors 

and advanced molecular biology diagnostic techniques for the 

detection of various infectious diseases of cattle, along with the 

efforts to enlist and compare these technologies with respect to 

their drawbacks and advantages in the domain of animal health 

management. The paper considers all recent developments in the 

field of biosensors and their applications for animal health to 

provide insight regarding the appropriate approach to be used 

in the future of enhanced animal welfare. 

Roberts, S. J., et al. (2012). 

"Prediction of welfare 

outcomes for broiler chickens 

using Bayesian regression on 

continuous optical flow data." 

Journal of The Royal Society 

Interface 9(77): 3436-3443. 

Currently, assessment of broiler (meat) chicken welfare relies 

largely on labour-intensive or post-mortem measures of welfare. 

We here describe a method for continuously and robustly 

monitoring the welfare of living birds while husbandry changes 

are still possible. We detail the application of Bayesian modelling 

to motion data derived from the output of cameras placed in 

commercial broiler houses. We show that the forecasts produced 

by the model can be used to accurately assess certain key aspects 

of the future health and welfare of a flock. The difference between 

healthy flocks and less-healthy ones becomes predictable days or 

even weeks before clinical symptoms become apparent. Hockburn 

(damaged leg skin, usually only seen in birds of two weeks or 

older) can be well predicted in flocks of only 1–2 days of age, 

using this approach. Our model combines optical flow descriptors 

of bird motion with robust multivariate forecasting and provides a 

sparse, efficient model with sparsity-inducing priors to achieve 

maximum predictive power with the minimum number of key 

variables. 
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APPENDIX 5 Core principles of judicious use of antimicrobial 
agents  

# CATEGORY PRINCIPLES 

1 PRETREATMENT 

PRINCIPLES 

Disease Prevention: 

• appropriate (best practice) biosecurity, husbandry, hygiene, 

routine health monitoring, vaccination, nutrition, housing, 

and environmental controls 

• Codes of Practice, Quality Assurance Programmes, Herd 

Health Surveillance Programmes and Education Programmes 

should promote the responsible and prudent use of 

antimicrobial agents. 

2  Professional Intervention 

All uses (labelled and extra-label) of antimicrobials meet all the 

requirements of a valid veterinarian-client-patient relationship. 

3  Alternatives to Antimicrobial Agents 

Efficacious, scientific evidence-based alternatives to antimicrobial 

agents can be an important adjunct to good husbandry practices. 

4 DIAGNOSIS Accurate diagnosis 

Diagnosis of a bacterial infection (clinical diagnosis complemented 

with point of care tests, laboratory diagnosis and epidemiological 

information as appropriate). 

5 THERAPEUTIC 

OBJECTIVE & 

PLAN 

Therapeutic Objective & Plan 

Develop outcome objectives (for example clinical or microbiological 

cure) and implementation plan (including consideration of 

therapeutic choices, supportive therapy, host, environment, infectious 

agent and other factors). 

6 DRUG SELECTION Justification of Antimicrobial Use: 

• other therapeutic options should be considered prior to 

antimicrobial therapy 

• antimicrobials are a complement to good husbandry practices 

and should never be used to compensate for or mask poor 

farm or veterinary practices 

• informed professional judgment balancing the risks 

(especially the risk of AMR selection & dissemination) and 

benefits to humans, animals & the environment. 

7  Guidelines for Antimicrobial Use 

Disease specific guidelines for antimicrobial selection and use should 

be consulted. 
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# CATEGORY PRINCIPLES 

8  Critically Important Antimicrobial Agents 

Antimicrobial agents, including those considered important in 

treating refractory infections in human or veterinary medicine, should 

be used in animals only after careful review and reasonable 

justification. 

9  Culture and Sensitivity Testing 

Utilize culture and susceptibility (or equivalent) testing when 

clinically relevant to aid in the selection of antimicrobials, especially 

if initial treatment has failed. 

10  Spectrum of Activity 

Use narrow-spectrum in preference to broad-spectrum antimicrobials 

whenever appropriate. 

11  Extra-label (off label) Antimicrobial Therapy: 

• must be prescribed only in accordance with prevailing laws 

and regulations 

• should be confined to situations where medications used 

according to label instructions have been ineffective and 

where there is scientific evidence, including residue data if 

appropriate, supporting the off-label use pattern. 

12 DRUG USE Dosage Regimens 

Regimens for therapeutic antimicrobial use should be optimised 

using current pharmacological (pharmacokinetic-pharmacodynamic 

[PK/PD]) information. 

13  Duration of Treatment 

Therapeutic exposure to antimicrobials should be minimized by 

treating only for as long as needed to meet the therapeutic objective. 

14  Labelling and Instructions 

Written instructions about the drug use regimen must be given to the 

end user by the veterinarian with clear details of method of 

administration, dose rate, frequency and duration of treatment, 

precautions and withholding period. 

15  Target Animals 

Limit therapeutic antimicrobial treatment to ill or at-risk animals, 

treating the fewest animals possible. 
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# CATEGORY PRINCIPLES 

16  Record Keeping 

Accurate records of diagnosis (indication), treatment and outcome 

should be kept to allow therapeutic regimens to be evaluated by the 

prescriber and permit benchmarking as a guide continuous 

improvement. 

17  Compliance 

Encourage and ensure that instructions for drug use are implemented 

appropriately 

18  Monitor Response to Treatment: 

• report to relevant authorities any reasonable suspicion of an 

adverse reaction to the medicine in either treated animals or 

farm staff having contact with the medicine, including any 

unexpected failure to respond to the medication 

• each treated case that fails to respond as expected should be 

thoroughly investigated. 

19 POST 

TREATMENT 

CONSIDERATIONS 

Environmental Contamination 

Minimize environmental contamination with antimicrobials and 

resistance determinants whenever possible. 

20  Surveillance of Antimicrobial Resistance 

Susceptibility surveillance should be undertaken periodically, and the 

results provided to the prescriber, supervising veterinarians and other 

relevant parties. 

21  Continuous Evaluation 

Veterinarians should continuously evaluate their prescribing 

practices, based on such information as the main indications and 

types of antimicrobials used in different animal species and evaluated 

in relation to available data on antimicrobial resistance and current 

use guidelines. 
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APPENDIX 6 Decision making flow chart  
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