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 Position Statement 

 The Australian Medical Students Association (AMSA) believes that: 

 1.  Antimicrobial resistance (AMR) is a global health crisis, requiring an 
 international and collaborative multi-targeted One-Health approach in order to 
 prevent catastrophe. 

 2.  Australia should be an international leader in tackling AMR, working 
 internationally to address AMR by developing and fostering global 
 collaborations, as well as by funding research into treatments, surveillance, 
 and education. 

 3.  Australian medical professionals must take it upon themselves to enact 
 antimicrobial stewardship and minimise inappropriate use of antimicrobials. 

 4.  Australia must take steps to implement the actions outlined in the National 
 Antimicrobial Resistance Strategy 2020 and beyond. 

 Policy 

 AMSA calls upon: 

 1.  The World Health Organisation (WHO) to: 
 a.  Promote  enrolment  in  and  continue  development  of  the  Global 

 Antimicrobial  Resistance  and  Use  Surveillance  System  (GLASS) 
 project; 

 b.  Create  additional  programs  and  strategies  within  GLASS  that  account 
 for  the  technological  and  surveillance  deficiencies  in  poorer  countries 
 in order to better facilitate the contribution of data; 

 2.  The Australian Government to: 
 a.  Uphold,  implement  and  review  the  strategies  detailed  in  'Australia's 

 National Antimicrobial Resistance Strategy 2020 and beyond’; 
 b.  Continue  to  endorse  and  maintain  a  'One  Health'  focus  in  all  facets  of 

 AMR policy and strategy; 
 c.  Facilitate  appropriate  and  evidence-based  antibiotic  use  across  all 

 sectors through: 
 i.  Infection  prevention  measures  including  but  not  limited  to 

 vaccination, effective sanitation, hygiene; 
 ii.  Public  education  campaigns  about  infection  control  and  the 

 appropriate/inappropriate use of antibiotics; 
 iii.  Continually  reviewing  and  updating  antimicrobial  usage  policies 

 in  non-human  sectors,  including  the  agricultural  and  veterinary 
 industries, according to the One Health framework; and 

 iv.  Developing,  providing,  and  implementing  tailored, 
 evidence-based  resources  and  approaches  to  antimicrobial 
 stewardship  across  all  sectors,  including  regular  assessment 
 and appraisal of certification and skills; 



 d.  Contribute  actively  to  surveillance  and  to  the  monitoring  of  AMR 
 through: 

 i.  Involving  in  worldwide  surveillance  of  AMR  by  continuing  and 
 expanding  upon  Australia’s  contribution  to  WHO’s  GLASS 
 initiative; 

 ii.  Establishing  a  comprehensive  national  surveillance  system  for 
 AMR  in  non-human  sectors,  including  the  agricultural  and 
 veterinary industries, according to the One Health framework; 

 iii.  Continuing  regular  reporting  on  AMR  via  the  Antimicrobial  Use 
 and Resistance in Australia (AURA) Surveillance Strategy; 

 e.  Implement  a  range  of  measures  to  minimise  the  spread  of  AMR 
 including but not limited to: 

 i.  education  campaigns  for  the  general  public  about  antimicrobial 
 use and AMR; and 

 ii.  prescribing guidelines universally across clinical settings; 
 f.  Expand  Australia’s  National  AMR  Strategy  to  include  strategies 

 addressing  risks  associated  with  the  use  of  biocides  and  biofilms,  and 
 expand AMR stewardship guidelines accordingly; 

 g.  Expand  AMR  surveillance  within  the  agricultural  and  food  production 
 industry; 

 h.  Support research into AMR through: 
 i.  Recognising  the  lack  of  research  into  the  treatment  and 

 prevention  of  AMR,  especially  in  optimising  existing  strategies 
 and developing novel technologies; 

 ii.  Expanding research into the mechanisms of AMR, including: 
 1.  Resistance to vaccination 
 2.  Zoonotic  transmission,  specifically  its  prevalence,  the 

 microorganisms involved, and its routes of transmission 
 iii.  Allocating  funding  for  research  into  new  antimicrobial  drugs  as 

 a  research  priority,  including  antiprotozoals,  antiparasitics, 
 antifungals, antivirals, and antibiotics; 

 iv.  Prioritising  research  for  treatments  based  on  their  global 
 burden,  particularly  on  Malaria,  and  pan-resistant  organisms, 
 especially  Human  Immunodeficiency  Virus  (HIV)  and 
 tuberculosis (TB); 

 v.  Prioritising  research  for  treatment  based  on  the  risk  to 
 Australians,  particularly  S.  aureus,  S.  pneumoniae,  E.coli  and  N 
 gonorrhoeae  ; 

 vi.  Encouraging  the  development  of  new  antimicrobial  treatments 
 through: 

 1.  Supporting and creating public-private partnerships 
 2.  Allocating more funding to academia & non-profit 
 3.  Recognising  the  emerging  role  of  the  private  sector  in 

 developing new antimicrobial treatments, and: 
 a.  Engaging  with  the  private  sector  to  develop  new 

 antimicrobial  treatments,  ensuring  that  priorities 
 such as universal access and quality are upheld 

 vii.  Broadening  the  scope  of  AMR  treatment  research  beyond 
 traditional antimicrobials e.g. antibiotics, to include: 



 1.  Novel  technologies,  such  as  bacteriophage  therapy  and 
 CRISPR; 

 2.  Other  treatments,  including  herbal  medicine, 
 vaccination, and monoclonal antibody use; 

 3.  Biocides,  cleaning  products,  pesticides,  and  biofilms, 
 especially  the  risk  they  pose  in  industrial,  agricultural, 
 and medical settings; 

 i.  Direct the Therapeutic Goods Administration (TGA) to: 
 i.  Regulate  medical  and  industrial  products  that  risk  biofilm 

 formation and biocide resistance development; 
 ii.  Regulate the use of biocides in household products; 

 j.  To  take  steps  to  further  prevent  bioaccumulations  of  low-concentration 
 biocides in the environment. 

 k.  Expand data collection locally to organisms of concern 
 l.  Respond  to  the  AMR  threat  by  creating  a  nationally,  and  globally 

 standard  scientific  framework  providing  clarity  on  AMR  and  ease  of 
 measurement 

 3.  The State Departments of Health to: 
 a.  Address  the  differences  in  resistant  infections  in  remote  and  regional 

 areas compared to urban regions; 
 b.  Continually  review  notifiable  conditions  and  consider  adding  AMR 

 conditions of concern; 
 4.  The Federal Department of Health to: 

 a.  Address  the  differences  in  resistant  infections  in  remote  and  regional 
 areas compared to urban regions; 

 b.  Continually  review  notifiable  conditions  and  consider  adding  AMR 
 conditions of concern; 

 c.  Make  MRSA  a  public  health  notifiable  condition  regardless  of  the  type 
 and  severity  of  infection  it  causes  when  detected  within  and  outside  of 
 hospitals; 

 d.  Regularly  review  the  screening  protocols  for  AMR-prone  or 
 pan-resistant  organisms  for  foreign  visa  applicants  who  already  have 
 to undergo health screening, such as formal medical examinations; 

 e.  Implement  a  national  database  with  compulsory  participation  and 
 reporting  by  all  health  providers  around  the  country,  noting  the  lack  of 
 committed and detailed timelines for its creation to date; 

 5.  Australian Medical Regulatory Bodies and Colleges to: 
 a.  Develop  and  maintain  contemporary,  evidence-based  guidelines  on 

 AMR 
 b.  Provide  sufficient  support  and  encouragement  to  doctors  and  hospitals 

 to participate in AMR stewardship, including but not limited to: 
 i.  Free access to therapeutic guidelines 
 ii.  Continual education and recertification on AMR protocols 
 iii.  Implement  clinical  and  therapeutic  guidelines  in  prescribing 

 software 
 iv.  Make  available  evidence  based  information  toolkits  regarding 

 antimicrobial use and prescribing 
 c.  Emphasise  clinical  skills  and  practices  in  medical  school  related  to 

 prescription of antimicrobials 



 d.  Expand  current  AMR  stewardship  policies  to  incorporate  biocides  and 
 biofilms including but not limited to; 

 i.  Targeted biofilm cleaning initiatives; and 
 ii.  Appropriate  use  of  biocides  according  to  the  risk  of  biofilm 

 formation 
 6.  The Royal Australian College of General Practitioners to: 

 a.  Provide  a  timeline  of  when  their  AMR  action  plans  will  be  implemented, 
 and how they will be rolled out; 

 b.  Introduce  targets  to  reduce  unnecessarily  prescribed  and  misused 
 antimicrobials; 

 c.  Monitor  and  audit  adherence  of  general  practitioners  to  antibiotic 
 therapeutic guidelines; 

 d.  Make  a  strong  commitment  to  AMR  education  campaigns  and  provide 
 a detailed timeline for doing so; 

 e.  Address  the  differences  in  rates  and  types  of  resistant  infections  in 
 remote and regional areas compared to urban regions; 

 7.  Australian Medical Professionals to: 
 a.  Make  antimicrobial  stewardship  an  integral  part  of  their  practice 

 through: 
 i.  Recognising  AMR  as  a  significant  health  and  economic  burden 

 in Australia and around the world; 
 ii.  Utilising  appropriate,  evidence-based  antimicrobial  prescription 

 practices; 
 iii.  Better  educate  patients  to  properly  use  prescribed  antimicrobial 

 regimens 
 iv.  Promoting  preventative  methods,  such  as  vaccination,  and 

 other means to control the spread of infection; and 
 v.  Engaging with public health policies regarding AMR; 

 8.  Hospitals and Health Services to: 
 a.  Develop  and  maintain  contemporary,  evidence-based  guidelines  on 

 AMR; 
 b.  Expand  current  AMR  stewardship  policies  to  incorporate  biocides  and 

 biofilms including; 
 i.  Targeted biofilm cleaning initiatives; 
 ii.  Appropriate  use  of  biocides  according  to  the  risk  of  biofilm 

 formation; 
 9.  Agricultural, food preparation, veterinary, and manufacturing industries to: 

 a.  Commit  to  antimicrobial  resistance  strategies,  including  but  not  limited 
 to: 

 i.  Ensuring  adequate  ventilation  and  decreasing  livestock  living 
 density in barns, feedlots, and slaughterhouses; 

 ii.  Improving hygiene and sanitation measures on farms; 
 iii.  Contributing to AMR surveillance initiatives; 

 b.  Review  regulation  regarding  the  use  of  biocides  in  food  preparation 
 and  production  to  prevent  bioaccumulations  of  low-concentration 
 biocides in the environment; 

 c.  Review  regulation  of  cleaning  processes  to  limit  the  formation  of 
 biofilms; 



 10.  Australian Medical Universities to: 
 a.  Provide  adequate  training  for  medical  students  in  appropriate 

 antimicrobial  use  involving  a  longitudinal  and  integrative  approach  to 
 AMR teaching, including: 

 i.  Training on current prescription guidelines; 
 ii.  Interactive  and  realistic  mock-clinical  scenarios  for  students  to 

 practice  antimicrobial  stewardship,  as  per  WHO  curricula 
 guidelines; and 

 iii.  Emphasising  that  AMR  encompasses  antiviral,  antiprotozoan 
 and  antifungal  resistance  as  well  as  antibiotic  resistance,  and 
 communicating  the  importance  of  these  issues  in  terms  of 
 local and global health. 

 b.  Liaise  with  student  bodies  to  run  think-tanks  and  provide  information 
 on AMR and proper prescription practices; 

 11.  Australian Medical Students to: 
 a.  Recognise  that  AMR  is  a  significant  health  and  economic  burden  in 

 Australia and around the world; 
 b.  Consider  how  they  will  contribute  to  antibiotic  stewardship  in  the  future 

 including  challenging  situations  where  they  may  feel  pressured  to 
 prescribe antibiotics inappropriately; 

 c.  Recognise  that  AMR  encompasses  antibacterial,  antiviral,  antiprotozoal 
 and  antifungal  resistance,  and  raise  awareness  of  this  among 
 colleagues; 

 12.  General society to: 
 a.  To  gain  a  deeper  understanding  of  antimicrobial  resistance  and  the 

 risks posed; 
 b.  Practice  antimicrobial  stewardship  in  regards  to  use  of  antimicrobials 

 as directed by health practitioners; 
 c.  Use  household  products  such  as  antimicrobial  cleaning  agents 

 appropriately, especially in public settings including but not limited to: 
 i.  Schools; 
 ii.  Local Councils; 
 iii.  Community groups. 

 Background 

 The  Australian  Medical  Students’  Association  (AMSA)  is  the  peak  representative  body 
 of  all  Australian  medical  students.  AMSA  believes  that  all  communities  have  the  right 
 to  the  best  attainable  health,  and  accordingly  advocates  on  issues  which  impact 
 health  outcomes  of  communities  in  Australia  and  globally.  In  particular,  the 
 emergence  of  antimicrobial  resistance  (AMR)  is  a  global  health  crisis.  The  World 
 Health  Organisation  (WHO)  defines  antimicrobial  resistance  (AMR)  as  when 
 “microorganisms  such  as  bacteria,  viruses,  fungi  and  parasites  change  in  ways  that 
 render the medications used to cure the infections they cause ineffective” [1]. 

 One  estimate  has  determined  that  the  current  total  lives  lost  due  to  AMR  every  year  is 
 700,000  people  worldwide  [2].  However,  the  current  trajectory  is  indicating  that  the 
 severity  of  the  situation  is  greatly  worsening.  The  urgency  of  the  antimicrobial  crisis  is 
 most  effectively  demonstrated  by  the  fact  that  we  have  now  begun  to  enter  the 
 post-antimicrobial  era,  with  the  emergence  of  pan-resistant  microorganisms;  that  is, 



 microbes  resistant  to  all  available  forms  of  treatment.  To  date,  at  least  ten 
 pan-resistant  organisms  have  been  tracked  across  the  globe  [3-11].  With  this  in  mind, 
 worst  case  scenarios  have  predicted  as  many  as  10  million  deaths  every  year  due  to 
 AMR by 2050 [2]. 

 AMR  poses  issues  in  a  number  of  different  ways.  There  is  evidence  that  microbes  that 
 are  drug-resistant  may  have  considerably  higher  mortality  rates  than  drug-susceptible 
 infections.  For  example,  mortality  rates  amongst  those  with  drug-resistant  K. 
 pneumoniae  have  been  found  to  be  as  high  as  50%,  which  may  be  more  than  four 
 times  those  of  drug-susceptible  cases  [12].  In  addition  to  increased  morbidity  and 
 mortality,  AMR  increases  the  length  of  hospital  stays,  the  length  of  time  on 
 mechanical  ventilation,  a  need  for  intensive  care  and  invasive  devices  as  well  as 
 excess  surgeries  performed  [13].  In  addition  to  all  of  this,  AMR  burdens  hospitals 
 through  the  need  for  additional  and  more  complex  care,  support  services,  diagnostic 
 tests  and  imaging,  risks  for  deadlier  nosocomial  infections,  usage  of  isolation  rooms, 
 and the use of consumables such as gloves [13]. 

 It  is  crucial  to  denote  that  the  AMR  crisis  is  also  an  equity  issue.  AMR  is  an  issue  that 
 disproportionately  affects  those  living  in  poverty,  and  is  also  a  major  cause  of  poverty 
 [14].  Economically  impoverished  people  are  least  able  to  afford  effective 
 antimicrobials  that  can  treat  drug-resistant  infections,  tend  to  lack  the  educational 
 resources  to  facilitate  their  proper  use,  and  reside  in  settings  that  lack  infection  control 
 and proper hygiene measures [2]. 

 Financial Costs 
 Though  tools  to  understand  the  financial  costs  of  AMR  are  still  in  the  phases  of 
 development,  [14-19]  there  is  reason  to  believe  that  the  overall  cost  is  enormous.  The 
 financial  costs  accrue  due  to  factors  such  as  increased  hospitalizations  and  longer 
 lengths  of  stay,  increased  complexity  of  treatments  with  more  infection  control 
 measures  required,  and  higher  levels  of  sickness  and  death,  which  lead  to  a  loss  of 
 work  by  members  of  the  workforce  who  would  have  otherwise  been  productive  for  the 
 economy  [14-19].  One  estimate  has  stated  that,  by  2050,  the  cumulative  cost  of  this 
 complex issue may be as high as 100 trillion USD [15]. 

 A  World  Bank  report  has  also  warned  that  by  2050,  due  to  this  issue,  more  than  28 
 million  additional  individuals  may  move  into  extreme  poverty,  a  fall  of  gross  domestic 
 product of up to 3.8% per year, and a tripling of healthcare costs globally [14]. 

 Recent  analyses  in  Australia  have  considered  the  costs  of  AMR  to  be  about  500 
 million  AUD  per  year  [17].  Looking  to  the  future,  one  estimation  has  predicted  that  the 
 overall  cost  to  Australia’s  economy  may  be  as  high  as  142  to  283  billion  AUD  by  2050 
 [20].  However,  even  these  numbers  may  serve  as  underestimates  due  to  how  difficult 
 it  is  to  quantify  the  economic  costs  of  lost  productivity,  and  because  Australia’s 
 limited surveillance measures do not fully track the extent of AMR in the country [17]. 

 Types of Resistance 
 Antibiotic Resistance 
 Antibiotic  resistance  is  the  highest  priority  AMR  worldwide  and  in  Australia,  due  to  the 
 importance  of  antibiotic  use  in  many  routine  therapies  including  surgery,  cancer 
 management  and  organ  transplantation.  Drug  resistance  to  all  available  antibiotics 
 has  been  detected  in  clinical  bacteria,  threatening  all  advances  achieved  within  the 
 antibiotic  era  and  urging  for  alternative  treatments  [20].  Alarmingly  high  levels  of 



 antibiotic-resistance  have  been  seen  in  a  wide  array  of  highly  deadly  microbial 
 infections,  including  Tuberculosis,  Klebsiella  pneumoniae,  Escheria  coli, 
 Streptococcus  pneumoniae,  and  Staphylococcus  aureus;  all  of  these  organisms  pose 
 threats both globally, and in Australia [21-27]. 

 Antivirals Resistance 
 Antiviral  drug  resistance  is  an  important  component  of  AMR,  especially  relevant  in  the 
 treatment  of  chronic  viral  diseases.  AMR  has  been  identified  as  a  key  concern  in  the 
 treatment  of  Hepatitis  C,  where  the  profiles  of  various  resistant  mutations  against 
 direct-acting  antivirals  (DAAs)  is  well-known  [28],  despite  the  use  of  various  class 
 combination  DAA  therapy  to  minimise  the  occurrence  of  resistant  mutations. 
 Moreover,  mutations  have  been  identified  in  human  cytomegalovirus  (HCMV),  which 
 has  called  for  the  development  of  novel  HCMV  drugs,  [29]  reflecting  the  broader  need 
 for  research  in  new  drug  treatment  areas.  Resistance  towards  numerous  antiviral  HIV 
 drugs  [30,31]  have  also  been  identified,  and  these  studies  have  consistently 
 highlighted the need for more research into their implications. 

 Antifungal Resistance 
 Resistance  to  antifungal  drugs  are  a  major  concern,  particularly  due  to  the  very  limited 
 total  of  existing  antifungal  drugs.  Candida  auris  (C.  auris)  is  a  hospital-acquired 
 fungus  that  is  becoming  increasingly  resistant.  Its  antifungal  resistance  has  been 
 steadily  rising  to  as  high  as  90%  in  certain  contexts  [32].  Of  the  three  classes  of 
 antifungal  drugs,  all  are  increasingly  becoming  ineffective  [23,  33].  Crucially,  studies 
 have  indicated  that  high  usage  of  antibiotics  may  contribute  to  C.  auris  resistance, 
 possibly due to C. auris proliferation when the host microbiome is disturbed [34]. 

 Antiprotozoals & Antiparasitics 
 Resistance  to  antiprotozoals  and  antiparasitics  is  yet  another  complex  aspect  of  the 
 antimicrobial  crisis  that  cannot  be  ignored.  The  most  significant  form  of  parasite 
 resistance  is  from  malaria.  Malaria,  a  cause  of  more  than  400,000  deaths  in  2019,  is  a 
 disease  by  parasites  that  predominantly  affect  young  children  in  sub-Saharan  Africa 
 [35].  Anti-malarial  drug-resistance  has  greatly  impacted  malaria  eradication  efforts 
 over  the  past  few  years  and  decades,  and  has  led  to  malaria  resurgence  [36,37],  as 
 well as mortality rates increasing as much as threefold [37,38]. 

 Vaccination Resistance 
 Little  research  has  quantified  the  potential  for  microbial  resistance  to  vaccinations, 
 but  modelling  has  indicated  that  there  is  some  possibility  it  can  develop.  Generally, 
 vaccines  provide  overall  positive  impacts  even  when  moderate  resistance  develops, 
 but  there  are  some  scenarios  where  its  benefits  are  cancelled  out  due  to  resistance. 
 [39]  Potential  for  harm  has  been  highlighted,  namely  through  increasing  a  pathogen’s 
 prevalence  via  strain  replacement  or  influencing  virulence  in  unvaccinated  hosts  [39]. 
 Ultimately,  there  is  a  significant  lack  of  research  into  the  implications  of  vaccine 
 resistance, and its place in antimicrobial resistance. 

 Organisms of concern globally 
 Across  the  globe,  widespread  drug-resistance  has  been  developing  in  the  deadliest 
 infectious  diseases,  such  as  tuberculosis,  HIV/AIDS,  and  malaria,  as  well  as  in  many 
 other major infections. 

 Pan-resistant Microorganisms 
 The  emergence  of  pan-resistant  microorganisms  -  that  is,  microbes  resistant  to  all 
 available  forms  of  treatment  -  epitomizes  just  how  dire  the  issue  of  AMR  truly  is.To 
 date,  at  least  ten  pan-resistant  organisms  have  been  tracked  across  the  globe  [3-11]. 
 These  include  Pseudomonas  aeruginosa,  Klebsiella  pneumoniae,  Salmonella  enteria, 
 and  Achromobacter  spp.  One  of  the  most  concerning  elements  of  this  trend  has  been 



 the  emergence  of  strains  of  TB  [7,9]  and  HIV  [6]  that  are  pan-resistant.  The  enormity 
 of  the  burden  of  TB,  HIV,  and  these  other  deadly  microbes  indicate  that  there  is  a  clear 
 need  to  take  decisive  action  to  address,  and  prevent,  the  potentially  catastrophic  rise 
 of pan-resistance. 

 Tuberculosis 
 Tuberculosis  is  a  disease  that  was  attributed  to  1.4  million  deaths  in  2019  [22]. 
 Drug-resistant  TB,  with  classifications  depending  on  the  levels  of  resistance  (such  as 
 multi-drug  resistant  tuberculosis  [MDR-TB],  and  extensively  drug-resistant 
 tuberculosis  [XDR-TB])  is  an  enormous  problem  that  serves  as  a  major  barrier  to  the 
 elimination  of  this  deadly  disease  [40].  Critically,  there  was  an  approximate  10% 
 increase  in  the  number  of  reported  cases  of  drug-resistant  TB  in  2019,  compared  to 
 2018  [22].  However,  it  is  also  important  to  recognize  that  the  worldwide  burden  of 
 drug-resistant TB is greatly underreported [23]. 

 HIV/AIDS 
 HIV/AIDS,  an  infection  found  in  every  country  across  the  globe,  was  a  cause  of 
 approximately  700,000  deaths  in  2020  [41].  HIV  is  greatly  influenced  by  antiviral 
 resistance;  this  is  partially  due  to  how  rapidly  the  virus  can  mutate  [42],  as  well  as  how 
 certain  drugs  are  prone  to  resistance  [43].  About  1  in  4  cases  of  HIV  infection  is 
 resistant  to  treatment,  and  as  many  as  69%  cases  of  HIV  in  babies  born  from  infected 
 mothers are drug-resistant [43]. 

 Organisms of Concern in Australia 

 Antimicrobial  resistance  is  becoming  an  increasingly  larger  issue  over  time  across 
 Australia.  In  addition  to  HIV  and  E.  coli,  there  are  several  major  organisms  of  concern. 
 Three  noteworthy  examples  are  Staphylococcus  aureus  (S.  aureus),  Neisseria 
 gonorrhoeae (N. gonorrhoeae), and Streptococcus pneumonaie (S. pneumoniae) 

 Staphylococcus aureus 
 Methicillin  resistant  Staph  Aureus  is  a  deadly  microbe  that  is  often  spread  by 
 hospital-acquired  infection.  Compared  to  non-resistant  strains,  methicillin-resistant  S. 
 aureus  (MRSA)  have  increased  rates  of  hospitalization,  increased  lengths  of  stay,  and 
 higher  mortality  [44-51];  there  is  a  death  rate  by  MRSA  of  approximately  34.2%  among 
 patients  with  bacteremia  [52].  Vancomycin-resistant  S.  aureus  (VRSA),  a  strain 
 resistant  to  the  last  line  treatments  that  has  emerged  in  other  contexts  [53],  while  not 
 having yet emerged in the country, is nonetheless a significant concern for Australia. 

 Neisseria gonorrhoeae 
 N.  gonorrhoeae,  a  sexually  transmitted  infection,  has  seen  continual  increases  in 
 overall  resistance  over  the  past  few  decades  in  Australia  [25,  54].  In  2019,  22.1%  of 
 tested  isolates  were  found  to  be  resistant  to  penicillin  [54].  While  still  treatable  with 
 several  different  drug  regimens  [25,  54],  N.  gonorrhoeae  resistance  must  be  controlled 
 and  prevented,  particularly  for  vulnerable  populations  that  face  the  highest  risk.  It  is 
 especially  concerning  that  resistant  forms  of  this  disease  predominantly  affect 
 vulnerable  groups  –  men  who  have  sex  with  men  (MSM)  and  heterosexual  Indigenous 
 men [55]. 

 Streptococcus pneumoniae 
 S.  pneumonaie  is  an  organism  of  concern  in  Australia  as  it  causes  significant  disease. 
 Despite  varied  and  relatively  low  resistance  to  antibiotics,  S.  pneumoniae  remains  a 
 major  issue  because  even  mild/moderate  resistance  can  have  serious  consequences 
 depending  on  the  type  of  infection  and  clinical  setting  [56].  The  main  concern  is 
 strains  with  reduced  susceptibility  causing  meningitis.  This  further  complicates 
 treatment  as  benzylpenicillin  has  poor  penetration  into  the  brain  [56].  There  are 



 varying  levels  of  resistance  across  Australia;  the  reasons  for  these  differences  are  not 
 known and require further exploration [56]. 

 One Health Response - WHO and Australia 

 The  One  Health  approach,  originally  envisioned  by  the  Centers  for  Disease  Control 
 and  Prevention  (CDC),  aims  to  confront  health  from  a  collaborative,  multisectoral,  and 
 transdisciplinary  perspective  through  engaging  with  stakeholders  on  a  local,  regional, 
 national,  and  global  level.  In  order  to  achieve  optimum  health  outcomes,  One  Health 
 recognises  the  significance  of  the  interconnection  between  people,  animals,  plants, 
 and their shared environment [57]. 

 A  One  Health  approach  is  necessary  in  responding  to  the  global  threat  of 
 antimicrobial  resistance.  In  reflection  of  this  the  World  Health  Organization  (WHO) 
 ‘Global  Action  Plan  on  Antimicrobial  Resistance’  [126]  recognises  the  need  for  an 
 effective  ‘One  Health’  approach,  incorporating  this  strategy  into  the  plan.  Additional 
 initiatives  developed  by  the  WHO  to  tackle  AMR  includes  the  Global  Antimicrobial 
 Resistance  and  Use  Surveillance  System  (GLASS),  which  was  launched  in  2015.  The 
 aim  of  GLASS  is  to  provide  a  standardised  framework  for  the  global  collection, 
 analysis,  interpretation  and  sharing  of  data  in  the  tracking  and  management  of  AMR 
 [127]. 

 In  respect  to  Australia  specifically,  the  National  Government  has  created  ‘Australia’s 
 National  Antimicrobial  Resistance  Strategy  –  2020  and  beyond’  [128],  which  also 
 endorses  a  ‘One  Health’  approach,  and  outlines  Australia’s  aims  in  contributing  to  the 
 global  effort  to  stem  AMR.  This  strategy  outlines  the  Australian  Federal  Government 
 vision  for  antimicrobial  resistance,  identifying  seven  objectives  and  priority  areas  for 
 action  in  tackling  antimicrobial  resistance  in  humans,  animals,  food  and  the 
 environment. 

 These objectives include: 
 ●  Clear governance for antimicrobial resistance initiatives 
 ●  Prevention and control of infection and the spread of resistance 
 ●  Greater engagement in the combat against resistance 
 ●  Appropriate usage and stewardship practices 
 ●  Integrated surveillance and response to resistance and usage 
 ●  A strong collaborative research agenda across all sectors 
 ●  Strengthen global collaboration and partnerships 

 This  strategy  further  calls  upon  the  need  for  a  synchronised  response  between  the 
 public  sector,  private  sector  and  industry,  professionals,  research  community,  and 
 society. 

 Classification and inclusion of notifiable diseases 

 The  Australian  Government  Department  of  Health,  considers  the  following  several 
 factors  for  inclusion  on  the  list  of  notifiable  diseases  [57]:  (1)  Burden  of  ill  health  (2) 
 Socioeconomic  impact  of  disease  (3)  Potential  threat  of  disease  over  the  next  5-10 
 years  (4)  Health  gain  opportunity  (5)  Public  concern  and  confidence  (6)  WHO/EU 
 interest/Networks/Food  Safety  Authority  interest  (7)  Professional  interest  in 
 notification [see Appendix 1]. 

 The  Australian  States  and  Territories  reserve  the  right  to  create  their  own  criteria 
 regarding  notifiable  diseases  [59].  Of  the  three  organisms  of  concern  that  are 
 developing  rapid  AMR  (Neisseria  Gonorrhoea,  Staphylococcus  Aureus,  and 
 Streptococcus  Pneumoniae)  [60],  only  Western  Australia  requires  public  health 



 notification  of  MRSA  [59],  whilst  Gonorrhoea  is  nationally  notifiable  [61].  Victoria  has  a 
 vague  clause  for  ‘diseases  of  urgent  public  health  concern  or  emergency’,  however,  it 
 seems  that  many  antibiotic  resistant  bacteria  are  not  assessed  using  this  clause  [59]. 
 No  other  states  have  considered  the  majorly  resistant  bacterial  infections  a  notifiable 
 disease despite fulfilling the criteria stated above in the guidelines [59]. 

 The  list  of  notifiable  diseases  in  Australia  closely  mimics  that  of  the  USA  designed  by 
 CDC  [62].  The  main  notable  exception  regarding  our  organisms  of  concern  is  the 
 inclusion  of  Vancomycin  intermediate/resistant  Staphylococcus  Aureus  (VISA,VRSA) 
 in the CDC document – a disease that has not been detected in Australia, yet [62]. 
 There  is  potential  for  adding  organisms  of  concern  to  the  public  health  notification 
 list.  However,  there  is  an  extensive  process  involved  for  developing  and  reviewing 
 case  definitions.  Requests  for  developing  new  case  definitions  must  come  from 
 Communicable  Diseases  Network  Australia  (CDNA)  who  delegate  the  development 
 process  to  the  Case  Definitions  Working  Group  (CDWG).  If  there  is  rapid  response 
 needed in exceptional circumstances, the CDWG can be bypassed [63]. 

 Preventing Infections from Arrivals 

 Australia  relies  on  the  following  several  methods  from  reducing  influx  of  infectious 
 diseases [64]: 

 ●  Vaccinations and proof of vaccinations 
 ●  Declarations before coming into the country 
 ●  Smartraveller recommendations 
 ●  Quarantine measures for contact, airborne and droplet diseases 
 ●  General medical examination for migrants 
 ●  Infectious  disease  screening  for  those  aiming  to  work  in  healthcare,  i.e.  Hep  B, 

 HIV, Syphilis 
 ●  Specific  focus  on  testing  for  certain  diseases  from  endemic  areas,  i.e.  chest 

 x-rays for TB 

 To  date,  Australia  has  largely  avoided  the  influx  of  infectious  agents  that  may  be 
 resistant  to  treatment  from  other  countries  due  to  its  remoteness  and  low  rate  of 
 foreign  citizens  seeking  medical  treatments  in  Australia  [64].  However,  management 
 of  patients  with  a  history  of  resistant  organisms  has  the  potential  to  rapidly  become  a 
 reality  in  Australia  due  to  increased  rates  of  medical  tourism,  military  conflicts,  natural 
 disasters,  humanitarian  support,  and  increased  rates  of  migration  from  a  diverse 
 range  of  regions  [65].  Adding  to  the  issue  of  inadequate  screening  for  incoming 
 travellers  into  Australia,  most  vaccines  are  recommended,  and  never  actually  audited 
 regarding  many  diseases  unless  it  is  an  agent  of  extreme  concern,  or  from  an 
 endemic area, i.e. yellow fever [66-67]. 

 Surveillance of AMR in Australia 

 Australia’s  National  AMR  Strategy  –  2020  and  beyond,  recognises  the  vital  importance 
 for  Australia  to  significantly  increase  surveillance  of  AMR.  The  Antimicrobial  Use  and 
 Resistance  in  Australia  (AURA)  Surveillance  System  monitors  AMR  at  a  national  level, 
 obtaining  data  from  across  healthcare  settings.  Organisms  under  surveillance  in 
 community  and  hospital  settings  are  listed  in  Appendices  2  and  3.  The  2020  strategy 
 recognises  the  importance  of  increasing  the  magnitude  of  AURA  as  well  as  expanding 
 surveillance  and  developing  a  One  Health  system  that  incorporates  data  from  across 
 environmental and agricultural sectors [68]. 

 The  Australian  government  currently  has  several  stakeholders  (the  Australian  Group 
 on  Antimicrobial  Resistance  (AGAR),  the  Australian  Gonococcal  Surveillance 
 Programme,  the  Australian  Meningococcal  Surveillance  Programme,  the  Australian 



 Mycobacterium  Reference  Laboratory  Network  (AMRLN)  and  the  National  Enteric 
 Pathogen  Surveillance  Scheme  (NEPSS)  involved  in  surveying  AMR  in  community, 
 hospital,  and  animal  settings.  Most  of  this  data  collected  remains  at  local  level  and 
 there is no coordination of these programs or utilisation of data at national level [69]. 

 There  are  plans  to  create  a  national  database  system  on  collating  local  level  data  with 
 the  goals  to  evaluate  data  quality  and  identify  deficiencies,  create  links  between  AMR 
 in  human  pathogens,  detect  emergence  of  new  AMR  and  prevalence  of  current 
 resistant  pathogens  [70].  The  Australian  government  understands  a  comprehensive 
 surveillance  system  cannot  be  implemented  immediately  and  a  staged  approach  is 
 needed.  A  central  coordinating  unit  (CCU)  at  DoHA  (Department  of  health  and  aging) 
 is created as a result [71]. 

 Antimicrobial  stewardship  [AMS]  is  not  a  clinical  requirement  for  general  practice  in 
 Australia,  though  the  RACGP  has  made  commitments  to  adopt  AMR  education 
 programs  and  to  implement  AMS  principles  [72;  see  Appendix  4].  However,  there  is 
 limited  information  on  whether  any  of  the  following  are  implemented,  how  strongly 
 these are followed, and if there are any audits and progress on such policies. 

 Before  targets  can  be  set  for  reduction  in  prescribing  in  the  community,  there  is  a 
 need  to  accurately  measure  the  extent  of  current  prescribing  and  its  impacts  by  GPs. 
 Antibiotic  use  in  Australian  hospitals  is  monitored  through  AURA,  but  there  is  no 
 equivalent  system  in  primary  care.  Community  prescribing  rates  are  estimated  using 
 composite  data  drawn  from  a  variety  of  sources.  General  practice  prescribing  rates 
 reported  in  AURA  may  be  adulterated  by  non-GP  prescribing  (ie,  by  nurse  practitioners 
 or  hospital-based  GPs).  Clean  data  is  required  on  GP  and  non-GP  prescribing  rates  for 
 better implementation of action plans [72]. 

 Agricultural industry & AMR 

 Antimicrobial  agents  are  used  in  a  variety  of  contexts  within  the  agricultural  sector, 
 including  as  growth  supplements  for  livestock  and  prophylaxis  against  infectious 
 diseases  [73].  Globally,  73%  of  all  antimicrobial  usage  occurs  in  the  food  industry, 
 particularly  in  pork  and  chicken  production  [74,75].  Although  antimicrobial  usage  has 
 ostensibly  improved  food  quality,  yield,  and  cost,  there  is  a  growing  evidence  base 
 suggesting  this  has  been  accompanied  by  a  rise  in  antimicrobial  resistance  [73-83]. 
 Resistance  has  typically  been  against  the  most  commonly  used  antibiotics  in  the 
 agricultural  industry  -  penicillins,  tetracyclines,  and  sulfonamides  -  although  resistance 
 to  other  antibiotics  is  also  well  documented  [73,74,77,79,80].  For  example,  colistin 
 resistance  has  been  attributed  to  its  use  as  a  growth  promoter  in  livestock  due  to  a 
 higher  prevalence  of  colistin  antimicrobial  resistance  genes  originating  from  animals 
 compared to humans [73]. 

 Prominent  in  food  and  water  sources,  drug-resistance  to  E.  coli,  through  the  usage  of 
 antibiotics  in  agriculture,  is  a  major  cause  of  concern  [84].  Drug-resistance  of  E.  coli 
 poses  a  unique  threat,  considering  how  common  this  infection  is.  In  differing 
 contexts,  studies  have  shown  rates  of  E.  coli  resistance  to  be  as  high  as  70%  from 
 human  sources,  and  as  high  as  96%  in  animal  sources  [85].  Drug-resistance  of  this 
 bacteria  has  been  shown  to  greatly  increase  the  rate  of  sepsis  and  mortality 
 compared to those with non-resistant E. coli [85,86]. 

 Reasons for Resistance 
 Given  the  general  paucity  of  regulations  in  most  countries,  subtherapeutic  antibiotic 
 doses  are  often  provided  to  livestock,  and  usually  under  unnecessary  and  unindicated 
 circumstances  (e.g.  minimal  risk  of  infection  and  therefore  need  for  prophylaxis;  e.g. 
 prescribing  antibiotics  for  viral  infections)  [73,74,76,78].  This  leads  to  ineffective 



 clearance  and  overgrowth  of  resistant  microorganisms,  especially  enteric  bacteria, 
 which  then  enter  the  environment  in  the  animal’s  faeces  and  are  further  dispersed 
 throughout  the  farm  in  manure  used  as  fertiliser  [83].  There  is  evidence  to  suggest 
 that  these  resistant  microorganisms  can  then  be  transmitted  either  directly  to  farm 
 workers  and  veterinarians  working  with  farm  animals,  or  indirectly  to  human 
 consumers  from  the  animal  meat  itself  or  from  food  crops  exposed  to  this  manure 
 [73,75,76]. 

 Under  circumstances  in  which  excessive  amounts  of  antibiotics  are  prescribed,  some 
 may  remain  unmetabolised  upon  excretion  and  continue  to  act  in  the  environment, 
 furthering  AMR  [73].  Moreover,  intensive  farming  operations  with  high  livestock 
 density  indices  bring  animals  in  close  proximity  to  each  other  under  unsanitary 
 conditions,  drastically  increasing  the  likelihood  of  horizontal  gene  transfer  and  spread 
 of  resistance  [73,76].  Inadequate  ventilation  in  such  slaughterhouses,  feedlots,  and 
 barns  poses  a  risk  of  zoonotic  transfer  of  resistant  microorganisms  in  aerosols  from 
 livestock to human operators [73,76]. 

 Additionally,  the  provision  of  cationic  heavy  metals  in  fertilisers  and  as  dietary 
 supplements  in  animal  feed  has  been  shown  to  select  for  heavy  metal  resistance  and 
 co-select  for  AMR  in  bacteria  by  inducing  an  adaptive  stress  response  in  which 
 resistance  can  spread  more  easily,  possibly  by  the  formation  of  biofilms  [77,  78].  The 
 coexistence  of  both  antibiotic  and  heavy  metal  resistance  is  known  to  complicate 
 treatments.  Finally,  antimicrobial  usage  in  pesticides  and  the  use  of  biocides  in 
 antiseptics, disinfectants, and preservatives, may also contribute to AMR [77]. 

 Restrictions in Agriculture 
 Despite  marked  increases  in  resistance  worldwide,  AMR  due  to  agricultural  practices 
 in  both  the  animals  themselves  and  in  the  humans  that  have  contact  with  them  is 
 reduced  in  countries  that  have  adopted  bans  or  have  restricted  the  usage  of 
 antimicrobials  [73,75].  Since  its  adoption  of  the  recommendations  of  the  UK’s  Swann 
 Report,  Australia  has  since  banned  multiple  classes  of  antibiotics  for  non-therapeutic 
 use  in  livestock.  Consequently,  lower  rates  of  resistance  in  Campylobacter, 
 Salmonella,  and  Escherichia  species  have  been  observed  compared  to  in  countries 
 where  antimicrobial  usage  is  unregulated  [75].  Moreover,  numerous  Western 
 European  studies  have  found  that  although  there  is  a  minor  increase  in  the  incidence 
 of  diarrhoeal  diseases  in  farm  animals  following  such  bans,  this  is  only  transient  and 
 is  able  to  be  controlled  by  improving  animal  housing  and  hygiene  measures  [73]. 
 There  is  some  evidence  to  indicate  that  such  measures  lead  to  rates  of  diarrhoeal 
 disease  lower  than  pre-ban  levels  too,  making  bans  more  efficient  and  cost-effective 
 [73]. 

 Research Gaps 
 There  are  still  major  gaps  in  the  research.  Some  studies  have  shown  there  to  be  a 
 complex  and  non-linear  correlation  between  antimicrobial  usage  and  the  development 
 of  antimicrobial  resistance  genes,  suggesting  that  antimicrobial  exposure  is  not  the 
 only  important  factor  in  selecting  for  resistance  [77].  Several  studies  have  found  no  or 
 insignificant  links  with  transmission  of  AMR  between  animals  and  humans 
 [73,77,79-81].  In  cases  where  resistance  to  clinically  important  antibiotics  was 
 observed,  the  animal  strains  were  often  phylogenetically  distinct  from  those  typically 
 causing  disease  in  humans,  suggesting  the  human  strains  did  not  originate  from 
 livestock  [73,79].  In  addition,  an  Australian  study  of  enterococci  from  Australian 
 finisher  pigs  found  resistance  to  the  streptogramin  antibiotic  class,  despite 
 streptogramins  having  not  been  previously  used  in  the  agricultural  industry,  possibly 
 suggesting  horizontal  gene  transfer  [79].  Also,  the  impact  of  pesticides  and  biocides 
 used  in  agriculture  on  AMR  is  poorly  understood  [77].  Finally,  AMR  surveillance  in 
 certain  middle-income  countries,  especially  in  South  America,  is  lacking  despite  these 



 countries  possessing  more  resources  than  lower-income  African  countries  in  which 
 surveillance  is  relatively  better  [74].  More  research  must  be  conducted  in  all  these 
 areas to better inform future resistance-control measures. 

 AMR in household and hospital products 

 Biocides 
 Biocides  are  antimicrobial  agents  which  have  found  prolific  use  in  products  not 
 limited  to  household  cleaners  and  disinfectants  [87]  through  to  lunchboxes,  shower 
 gels,  wood  preservation,  and  water  treatment  [88].  Important  examples  of  biocides 
 include  alcohol,  hydrogen  peroxide,  surfactants,  and  other  chemicals  such  as 
 triclosan,  quaternary  ammonium  compounds,  and  chlorhexidine  [88].  Notably, 
 disinfection  and  medical  use  contribute  the  major  portion  of  biocide  use  [89].  A 
 biocide  may  have  multiple  target  sites  within  a  bacterial  cell,  including  inhibition  of 
 membrane  enzymes,  action  as  alkylating  agents,  cross-linkage  of  DNA,  and  via  efflux 
 pumps [90]. 

 The  widespread  use  of  biocides  in  countless  consumer  and  medical  products  has  led 
 to  biocide  accumulations  in  a  number  of  natural  and  human  environments.  Biocides 
 used  in  household  products,  and  those  utilised  in  food  processing  and  production  can 
 be  washed  into  drains  and  enter  waterways,  become  concentrated  in  waste-water, 
 and ultimately enter the environment [91–94]. 

 Theoretical  and  in  vitro  evidence  of  biocide  resistance  exists  in  several  bacterial 
 strains. There is concern that this resistance could coselect for AMR through; 

 1.  cross-resistance,  where  a  bacterial  resistance  mechanism  can  act  liberally 
 against other structurally and functionally different agents; 

 2.  co-resistance,  where  gene(s)  that  confer  reduced  susceptibility  to  a  biocide  is 
 selected with anti-microbial resistant gene(s) [95]. 

 Given  biocide  targets  are  not  particularly  specific,  these  resistance  methods  are  also 
 non-specific,  and  can  have  cross-resistance  to  antibiotics  [96].  In  particular,  efflux 
 pumps  are  an  important  contributor  to  multi-drug  resistance  due  to  their  ability  to 
 expel  a  wide  range  of  functionally  and  structurally  distinct  antibiotics  [97],  and  have 
 been identified as an important mechanism underlying biocide resistance [98]. 

 A  growing  body  of  literature  has  identified  biocide  resistance  in  vitro  in  a  range  of 
 bacterium  including  Salmonella  enterica  [99],  Escheria  coli  [100],  Klebsiella 
 Pneumoniae  [101]  and  Pseudomonas  aeruginosa  where  cross-resistance  to  other 
 antimicrobial  agents  was  seen  after  sublethal  exposure  to  benzalkonium  chloride 
 disinfectants  [102].  There  are  several  other  in  vitro  studies  which  demonstrate  similar 
 biocide  resistance  in  other  organisms  [103,104].  Chlorhexidine  is  a  biocide  that  has 
 wide  use  in  clinical  applications  requiring  decolonisation  and  infection  control.  Some 
 in  vitro  studies  have  demonstrated  resistance  to  chlorhexidine  in  some  pan-resistant 
 gram-negatives,  including  Pseudomonas  Aeruginosa  and  Klebsiella  Pneumoniae 
 [101,105,106],  however  resistance  is  yet  to  be  demonstrated  in  gram-positive 
 organisms  [107].  Given  the  prolific  medical  use  of  biocides,  resistance  would  have 
 dire consequences for infection control. 

 However,  most  studies  describing  biocide  resistance  are  limited  to  laboratory 
 conditions,  and  there  is  a  dearth  of  empirical  evidence  supporting  biocide  resistance 
 promoting  AMR  in  real-world  scenarios.  Additionally,  in  food  preparation  and 
 disinfection  applications,  biocides  are  typically  used  at  much  higher  concentrations 
 above  the  thresholds  shown  to  drive  resistance  in  laboratory  studies  [96].  Several 
 recent  meta-analyses  also  identify  the  lack  of  strong  causal  evidence  linking  biocide 
 exposure  with  increased  AMR  [108,109].  Accordingly,  biocide  resistance  is  considered 



 a  potential  threat  to  AMR.  Nonetheless,  a  recent  Joint  Food  and  Agriculture 
 Organization/World  Health  Organization  Expert  Committee  concluded  the  need  for 
 application  of  ‘precautionary  measures’  to  limit  the  ongoing  and  future  potential  of 
 biocide  resistance  and  its  contribution  to  AMR  [110],  particularly  in  view  of 
 environmental accumulations of low-concentration biocides [111,112]. 

 Biofilms 
 Bacteria  naturally  and  preferentially  live  as  colonies  attached  to  surfaces  within 
 self-produced  extracellular  polymeric  substances  (EPS),  forming  a  matrix  that 
 protects  from  environmental  threats  and  promotes  long-term  residence.  Biofilms  have 
 been  reported  in  food  processing  environments  [113],  and  are  thought  to  be 
 implicated  in  an  important  proportion  of  hospital  acquired  infections  [114].  The  EPS 
 matrix  allows  organisms  contained  within  to  withstand  robust  chemical  challenges, 
 thus  favouring  coselection  [100].  This  may  also  pose  challenges  to  current  use  of 
 biocides  in  sanitation  practises  [96].  Furthermore,  bacteria  within  a  biofilm  are  known 
 to  live  in  close  proximity,  facilitating  genetic  exchanges  [115].  This  has  the  potential  to 
 promote  the  spread  of  AMR.  Indeed,  efficient  transfer  of  extended  spectrum 
 ß-lactamase-encoding  plasmid  to  bacteria  within  a  biofilm  was  identified  in  antibiotic 
 resistant  strains  of  Klebsiella  Pneumoniae  in  a  hospital  environment  [116].  Whilst 
 biofilms  typically  thrive  in  moist  environments,  the  perceived  threat  has  escalated 
 with  the  recent  discovery  of  ‘dry  surface  biofilms’  [117].  A  recent  study  demonstrated 
 biofilms  containing  multi-drug  resistant  organisms  could  persist  for  up  to  12  months 
 on  equipment  within  an  intensive  care  unit  despite  cleansing  involving  detergent  and 
 bleach  [118].  This  is  a  growing  field  of  research,  with  novel  interventions  such  as 
 electromechanical  vibration[119],  and  non-pathogenic  probiotic  sanitising  agents 
 [120]  under  investigation.  The  potential  for  biofilms  to  contribute  to  the  continuing 
 issue  of  AMR  is  significant,  and  should  not  be  overlooked  in  future  efforts  to  contain 
 AMR [121-125]. 

 Preventative Solutions 

 As  the  WHO  has  directly  related  AMR  to  poverty,  low  education  levels,  hygiene 
 protocols,  and  inappropriate  practice,  it  is  important  to  address  these  issues 
 systematically  and  step-by-step.  As  an  overall  approach,  the  need  to  address 
 socio-economic  issues  that  lead  to  poor  education  and  hygiene  is  of  utter  importance 
 [126]. 

 Increased education 
 The  primary  goal  would  be  to  increase  education  levels  on  the  need,  inappropriate  and 
 incomplete  use  of  antimicrobials,  and  the  concept  of  AMR.  This  can  be  aided  by 
 increasing  education  in  health  workers  regarding  AMR,  and  inappropriate 
 prescriptions.  Health  workers  are  central  to  delivering  good  quality  primary  care 
 services.  In  one  study  overseas,  over  80%  of  medical  and  pharmacy  students 
 incorrectly  believed  that  antibiotics  could  treat  influenza,  and  that  giving  antibiotics  if 
 requested  by  a  patient  constituted  good  patient  care  [129].  Health  workers  would 
 benefit  from  more  training  about  antimicrobial  resistance  and  good  antibiotic 
 prescribing  practice  –  in  both  their  preservice  and  in-service  training.  Recertification 
 on this topic should be implemented at least every few years [126]. 

 Continuing  on  the  theme  of  educating  health  care  workers,  GPs  who  essentially  work 
 as  private  entities  and  businesses  must  be  targeted  with  mandates  on  the  use  of 
 therapeutic  guidelines  with  regular  audits  in  place.  Most  GPs  and  other  primary  care 
 settings  get  their  education  and  guidelines  from  pharmacy  representatives  who  have 
 sales  targets  to  meet;  while  this  does  not  automatically  indicate  that  such  providers 
 are  unjustly  receiving  reimbursement  from  private  actors,  there  is  nonetheless  a  need 
 to remain vigilant for this to be taking place [126]. 



 Better availability of technologies 
 Rapid  diagnostic  technologies  need  to  be  brought  into  primary  care  settings  to 
 improve  diagnostic  accuracy  and  prevent  use  of  incorrect  or  empirical  antimicrobials. 
 This  would  assist  healthcare  workers  in  their  goals  to  combat  AMR  and  complement 
 the  educational  efforts  stated  above  [130].  Technology  and  mobile  applications  can 
 then  be  used  to  support  health  education,  case  detection,  case  management,  and 
 diagnosis  of  people  in  remote  and  regional  areas  without  direct  and  frequent  access 
 to  health  care  [131,132].  It  will  also  ensure  adequately  trained  health  care  workers  in 
 remote  and  disadvantaged  communities.  This  can  also  be  aided  by  general 
 enhancement  of  primary  care  in  all  regions  to  a  certain  standard  to  ensure  quality 
 care, and better trust by the users [126]. 

 Hygiene protocols 
 It  must  be  recommended  to  apply  the  same  hygiene  and  infection  control  measure 
 employed  in  hospitals  to  primary  care  and  GP  practices  to  reduce  community  onset 
 infections  –  over  60%  of  countries  have  a  national  action  plan  for  AMR  in  tertiary 
 centres. Extension of these actions plans to primary care setting is imperative [133]. 
 Focusing  on  multiple  factors  such  as  hygiene  protocols,  and  educating  the  public  on 
 dangers  of  microbes  that  lead  to  eventual  AMR  would  help.  Utilising  public  campaigns 
 on  preventing  and  managing  common  health  problems,  improving  water  quality, 
 sanitation  and  hygiene  practices,  and  raising  awareness  about  appropriate  antibiotic 
 consumption  are  also  paramount  [134,135].  This  is  shown  to  have  been  effective  in 
 countries  with  low  hygiene  measures  and  public  health  concerns.  Awareness  needs 
 to  be  raised  about  dangers  of  self-dosing  with  antimicrobials  as  seen  in  regular  URTIs, 
 recent use of antivirals and antiparasitics in COVID-19 [136]. 

 Awareness of agricultural issues 
 The  public  also  needs  to  be  aware  of  AMR  from  agricultural  and  food  practices.  The 
 general  populace  needs  to  be  empowered  and  engaged  in  understanding  where  their 
 food  comes  from,  and  to  ensure  they  understand  the  consequences  of  antibiotic  use 
 as  growth  promoters  in  animals.  A  method  that  has  shown  some  success  is  to  focus 
 on  consumption  of  meat  from  animals  that  have  not  been  subject  to  antimicrobial 
 growth promoters – this has been deployed in the USA [137]. 

 Calling on industry 
 Calling  on  the  pharmaceutical  and  medical  industries  to  remove  irrational  fixed  doses 
 that  create  drug  resistance  –  to  apply  evidence  based  medicine  –  has  shown  delay  in 
 resistance  rates  in  India,  and  can  be  implemented  globally.  There  also  needs  to  be 
 better  protocols  in  place,  in  case  of  drug  shortages,  or  allergy  to  specific 
 antimicrobials  to  ensure  the  right  drug  is  used.  This  will  prevent  dosage  with  the 
 incorrect antimicrobial providing no therapeutic benefit and leading to AMR [137, 138]. 

 Involvement in GLASS 

 The  aim  of  GLASS  on  a  global  level  is  to  assist  countries,  territories,  and  areas,  to 
 establish  effective  AMR  surveillance  systems  and  maintain  and  develop  a  centralised 
 database  for  the  analysis  and  tracking  of  AMR  in  order  to  inform  strategy  and  policy. 
 Current  activities  of  GLASS  include  routine  data  surveillance  of  resistance 
 (GLASS-AMR)  and  consumption  (GLASS-AMC)  of  antimicrobials.  GLASS-AMR  aims  to 
 optimise  the  use  of  data  available  in  the  form  of  routinely  collected  patient  specimens 
 (e.g.  bloods)  and  encourages  the  additional  screening  and  documentation  of  these 
 specimens  for  the  purpose  of  AMR  [142].  Pathogens  under  surveillance  include 
 Acinetobacter  spp.,  E.  coli,  Klebsiella  pneumoniae,  Neisseria  gonorrhoeae,  Salmonella 
 spp.,  Shigella  spp.,  Staphylococcus  aureus,  and  Streptococcus  pneumoniae. 
 Furthermore,  GLASS-AMC  aims  to  assess  the  use  of  antimicrobial  agents  through 



 monitoring  of  import  and  distribution  of  products  in  addition  to  documentation  of 
 prescriptions and insurance [140]. 

 92  countries  have  enrolled  in  GLASS  as  of  2020;  however,  the  contribution  of  data 
 from  these  enrolled  countries  is  still  in  the  preliminary  phases  as  country-based 
 surveillance  systems  are  established.  Furthermore,  most  of  the  focus  up  to  now  has 
 been  in  tertiary  care;  therefore,  it  will  be  crucial  to  strengthen  the  GLASS  system  in 
 primary care [139]. 

 Australia  made  minimal  contributions  to  GLASS  so  far,  despite  being  one  of  the  first 
 world  countries  signed  up  to  the  program  [141,142].  In  the  GLASS  report  of  Early 
 Implementation  2020,  Australia  contributed  data  from  1  laboratory  and  8  surveillance 
 sites  [140],  reporting  on  a  single  pathogen  (N,  gonorrhoea).  Most  of  the  focus  has 
 been on tertiary care up until now. 

 Monitoring of MRSA 

 MRSA  is  currently  not  public  health  notifiable  in  Australia.  There  is  no  definite  answer 
 as  to  why  this  is  the  case,  but  there  are  a  myriad  of  contributing  factors  that  make  it 
 appear less of a risk than it is [143]. 

 The  distinction  between  hospital  acquired  MRSA  (HA-MRSA)  and  community  onset 
 MRSA  (CO-MRSA)  has  not  helped,  as  a  distinction  does  not  need  to  be  made.  The 
 confusion  comes  from  the  criteria  for  CO-MRSA  which  states  ‘any  MRSA  infection 
 within  72hrs  of  admission’.  Not  all  infections  are  monitored  or  picked  up  timely,  and 
 the  reporting  time  also  changes  the  definition  of  the  infection.  As  a  result,  CO-MRSA  is 
 not adequately recorded or reported [143,144]. 

 The  other  contributing  factor  is  that  MRSA  can  cause  several  different  types  of 
 infection,  including  lower  respiratory  tract  infections,  skin  and  soft  tissue  infections,  or 
 bloodstream  infections.  Each  of  these  types  of  infection  are  considered  differently 
 due  to  their  risk  profiles  despite  the  same  causative  agent.  This  further  results  in 
 reduced concern for certain infections caused by MRSA in the community [143]. 

 Hospital  acquired  MRSA  infections  have  been  considered  a  health  risk  since  the 
 1960’s  [144,  192].  However,  recent  improved  hygiene  and  infection  control  measures 
 have  either  kept  the  rates  steady,  or  decreased  its  levels  overall  resulting  in  HA-MRSA 
 being  considered  less  of  a  risk,  and  ‘well  controlled’  [144].  There  is  also  a  ten-step 
 public  health  response  to  MRSA  infections  which  help  control  its  outbreak  [144].  It 
 warrants  further  investigation  only  if  there  are  ‘clusters’  of  infections.  This  leads  to 
 reduced  concern  for  MRSA  if  no  ‘clusters’  are  detected  for  whatever  reason,  and 
 reduced reporting [144]. 

 HA-MRSA  has  the  potential  to  become  a  more  serious  pathogen  as  seen  in  USA  and 
 Europe  in  cases  of  VISA  (vancomycin-intermediate  S.  aureus),  h-VISA  (heterogeneous 
 vancomycin-intermediate  S.  aureus)  or  VRSA  (vancomycin-resistant  S.  aureus). 
 However,  these  resistant  organisms  have  not  emerged  in  Australia  as  of  yet  [145,147]. 
 Our  lack  of  proximal  neighbours  and  reduced  travel  with  the  rest  of  the  world  helps 
 protect  us  from  arrival  of  such  organisms  at  our  shores.  There  is  no  tradition  of 
 foreign  citizens  seeking  medical  treatments  in  Australia  as  is  common  in  ‘free  cross 
 border  treatments’  in  Europe.  This  prevents  HA-MRSA  infections  from  crossing 
 borders into Australia [145,146]. 

 CO-MRSA  reporting  is  inadequate  and  most  infections  are  unrepresented  by  the  data 
 available.  Multiple  pathology  and  community  care  centres  exist  that  either  do  not 
 report  the  infections,  or  do  not  often  catch  them  in  a  timely  and  appropriate  manner 



 [143].  Not  all  cases  treated  in  the  ED  are  captured  in  study  data  either,  creating  a  lack 
 of  resources  and  information  regarding  the  seriousness  of  CO-MRSA  when  most  of 
 the  focus  has  been  on  HA-MRSA.  The  lack  of  a  central  reporting  system  does  not  help 
 [143].  Each  state  and  territory  is  allowed  to  report  at  their  own  discretion  and  the 
 collection  of  data  varies  wildly  among  states  and  territories.  States  with  the  least 
 amount  of  CO-MRSA  mandate  reporting  (Tasmania)  compared  to  every  other  state 
 where  prevalence  is  much  higher.  Incidence  rates  are  as  high  as  40%  in  some  rural 
 and  remote  areas  compared  to  urban  regions  [147,148].  Rates  of  methicillin 
 resistance  in  S.  aureus  are  higher  and  increasing  in  remote  and  very  remote  areas  of 
 Australia, reflecting the growing problem of MRSA in some communities [147]. 

 Lack  of  consistent  terminology  for  the  same  infection  has  caused  further  confusion 
 and  decreased  coordination  in  data  collection  and  compilation.  Different  terms  such 
 as  ‘Community  associated  MRSA’,  ‘Community  acquired  MRSA’  and  ‘Community 
 onset  MRSA’  are  used.  Not  all  of  these  infections  are  reported  despite  being  the  same 
 organism of concern [143]. 

 Major  groups  such  as  the  WHO  have  not  issued  specific  guidelines  for  MRSA. 
 However, a comprehensive review on MRSA by Cameron et al. has suggested [143]: 

 ●  A national reporting system 
 ●  Consistent terminology 
 ●  Available  and  reportable  data  for  all  type  of  infection  caused  by  CO-MRSA,  and 

 not just bloodstream infections 
 ●  All cases treated in primary care to be captured and reported 
 ●  Consider  CO-MRSA  the  same  level  of  threat  as  HA-MRSA  and  make  it 

 notifiable  allowing  for  data  to  be  accessible  for  better  clarity  of  information  on 
 the true threat of CO-MRSA 

 AMR Education 

 Education  in  both  medical  school  and  clinical  practice  is  an  effective  strategy  in 
 combating  antimicrobial  resistance  (AMR)  [149].  Effective  communication  and 
 education  are  crucial  in  strengthening  consumer  awareness  on  antimicrobial, 
 addressing  commonly  held  erroneous  beliefs,  and  providing  a  framework  for 
 sustainable prescription practices [149]. 

 Existing  AMR  education  is  primarily  achieved  through  antimicrobial  stewardships 
 (AMS),  which  are  post-graduate  programs  that  are  accredited  and  mandated  through 
 hospitals  [150].  Stewardship  reinforces  AMR  practices  and  is  based  on 
 evidence-based  best-practice  information  attained  through  surveillance  data  and 
 research  findings,  representing  the  best  available  antibiotic  treatment  practices 
 nationally.  AMS  is  tailored  to  meet  the  needs  and  challenges  of  all  relevant  sectors, 
 including agriculture and veterinary medicine [151]. 

 Antibiotic  prescription  practices  and  attitudes  are  developed  in  the  formative  years  of 
 medical  education;  hence  greater  emphasis  on  sustainable  antibiotic  prescription  and 
 AMR  education  is  needed  earlier  in  medical  training  [152].  A  cross-sectional  study  of 
 final-year  medical  students  found  knowledge  of  antimicrobial  use  was  unsatisfactory, 
 especially  when  compared  to  clinical  knowledge  of  other  diseases  regularly  taught  in 
 the  curriculum,  such  as  cardiovascular  disease  [153].  Specifically,  students  noted  a 
 need  for  further  training  in  clinical  placement  settings  in  addition  to  being  taught 
 basic concepts [153]. 

 The  WHO  curricula  guide  on  AMR  training  provides  suggestions  for  teaching  methods 
 including  interactive  small  group  learning  activities,  continuous  appraisal,  and 
 assessment  of  AMR  training  [154].  Moreover,  as  patient  care  is  multi-disciplinary,  all 



 professions  involved  in  patient  management  should  be  involved  in  stewardship  and 
 education. 

 Adherence to prescription policies 
 There  are  also  existing  issues  with  current  antimicrobial  stewardship  programs.  Lack 
 of  adherence  to  antibiotic  prescription  practices  is  a  major  barrier  to  reducing  AMR 
 [155].  This  can  be  combated  through  effective  communication  strategies  and  regular 
 monitoring of prescription behaviours. 

 Currently,  antimicrobial  stewardship  is  not  a  mandatory  requirement  for  practicing 
 GPs.  In  2017,  General  Practitioners  in  the  top  30%  of  prescribers  were  asked  directly 
 to  seek  assistance  in  reducing  unnecessary  antibiotic  prescribing.  This  resulted  in  a 
 12%  reduction  in  antibiotic  prescriptions  filled  or  approximately  126,000  fewer  scripts 
 over an initial six-month period [155]. 

 Community Education 
 Further  work  is  also  needed  to  alter  the  public  perception  on  antimicrobials  as 
 community  setting  prescription  is  influenced  by  the  expectations  and  demands  of 
 patients.  Public  campaigning  consisting  of  clear,  consistent,  simple  messaging  is  key 
 in  educating  and  changing  societal  views  and  expectations  on  AMR  use,  as  well  as 
 providing a space for organic social change on antimicrobial use [156]. 

 Creating/developing new drugs 
 Aside  from  prevention,  one  of  the  most  important  ways  to  address  the  rising  scourge 
 of  AMR  directly  will  be  by  the  research,  and  creation,  of  new  classes  of  drugs  that  can 
 be  effective  against  resistant  organisms.  This  will  entail  the  creation  of  new 
 antibiotics,  but  also  antivirals,  antifungals,  antiparasitics,  and  antiprotozoals, 
 particularly for the organisms of concern globally and in Australia. 

 Australia’s  current  funding  to  research  has  taken  a  diverse  approach  to  understanding 
 and  developing  new  solutions  to  address  the  AMR  crisis.  While  funding  has  already 
 been  allocated  towards  creating  new  classes  of  antimicrobial  drugs  [157],  there  is  a 
 clear  need  to  expand  the  amount  of  current  funding  in  order  to  have  more  drugs  to 
 address this rapidly worsening issue. 

 Engaging with Stakeholders 

 Need for funding 
 While  it  is  clear  that  the  development  of  new  antimicrobials  will  be  necessary  to  treat 
 microbes  for  which  current  drugs  are  ineffective,  such  endeavours  have  been  limited. 
 One  reason  for  this  is  the  minimal  financial  motivations  for  pharmaceutical 
 companies  to  create  new  drugs  for  this  problem.  This  is  largely  based  on  how  profits 
 from  new  medications  are  linked  to  the  number  of  people  who  buy  and  use  them,  but 
 if  antimicrobial  drugs  are  used  frequently,  then  resistance  occurs.  These  drugs 
 therefore  need  to  be  used  minimally,  and  this  limits  the  potential  for  profit  for 
 companies;  limited  prospects  for  profits  have  meant  that  very  few  private  companies 
 pursue  the  creation  of  new  antimicrobials  [158,  193,  194].  This  helps  to  explain  why 
 no new class of antibiotics has been created since 1987 [158]. 

 In  order  to  address  this  issue,  a  diverse  array  of  solutions  are  needed  in  many 
 different domains, as explained below. 

 Academia & Non-Profit 
 Funding  directly  allocated  towards  academic  research,  and  non-profit  involvement, 
 must  remain  a  priority.  Increasing  funding  in  the  forms  of  grants  will  be  a  simple  and 
 decisive  way  to  ensure  that  more  research  on  antimicrobial  treatments  is  conducted 



 in  university  settings.  The  non-profit  sector  can  also  potentially  have  a  major  impact  in 
 antimicrobial  drug  development.  One  such  non-profit  is  the  Global  Antibiotic  Research 
 and  Development  Partnership  (GARPD),  which  is  collaborating  with  WHO  to  conduct 
 antimicrobial  drug  research  and  address  gaps  which  neither  academia,  nor  industry, 
 have  focused  on  [194].  Australia  can  contribute  to  non-profit  research  of 
 antimicrobials  by  funding  groups  such  as  GARPD,  as  well  as  by  encouraging  the 
 creation of new non-profits within Australia. 

 Engaging with the Private Sector 
 The  WHO,  Australian  government  and  Australian  non-profits  clearly  call  for  an 
 engagement  of  the  private  sector  [197,  198]  in  addressing  AMR.  Ways  to  engage  them 
 include,  public-private  partnerships,  adopting  international  models,  market  incentives 
 & priority review vouchers. 

 Public-Private Partnerships 
 An  important  way  to  establish  and  encourage  the  development  of  new  treatments  will 
 be  via  the  partnership  of  members  of  both  the  private  and  public  sectors.  In  recent 
 years  and  decades,  numerous  such  partnerships  have  emerged  globally;  these  include 
 the  Innovative  Medicines  Initiative’s  (IMI’s)  New  Drugs  for  Bad  Bugs  (ND4BB)  program 
 and  the  Biomedical  Advanced  Research  and  Development  Authority’s  (BARDA)  Broad 
 Spectrum  Antimicrobials  Program.  [195].  These  collaborative  efforts  allow  for  the 
 directed  usage  of  public  resources  to  drive  and  accelerate  further  innovation  in  the 
 private  sphere  so  that  new  drugs  can  be  developed  as  rapidly  as  possible.  An  array  of 
 different  countries  across  the  globe  have  been  involved  in  such  partnerships  [194], 
 and  Australia  can  do  more  to  be  involved  in  order  to  contribute  to  the  innovations;  as 
 well more partnerships can be developed locally. 

 De-linked funding approaches 
 Trials  of  a  de-linked  funding  system  for  novel  and  priority  antimicrobials  have  been 
 conducted  in  the  United  Kingdom  and  Sweden  [198].  These  systems  involve  the 
 government  paying  pharmaceutical  companies  an  annual  subscription  fee  on  the 
 premise  they  will  provide  a  suitable  supply  of  antimicrobials  based  on  local  need. 
 Such  a  system  ensures  that  novel  drugs  are  paid  for  based  on  their  expected  value  to 
 the  health  system,  determined  by  the  prevalence,  severity,  and  resistance  of  the 
 infections  they  treat  among  other  things,  rather  than  being  paid  for  by  the  actual 
 volume  of  drugs  used  [199].  When  the  actual  income  a  company  makes  is  less  than 
 expected,  the  government  will  pay  the  difference.  This  approach  ensures  the 
 availability  of  vital  treatments  and  reduces  the  financial  burden  on  hospitals,  which 
 may resort to using less effective, generic drugs due to budgeting constraints [198]. 

 Market Entry Rewards 
 Market  entry  rewards,  which  are  among  the  most  commonly  proposed  incentive 
 policies,  simply  involve  providing  groups  financial  reimbursement  for  the  creation  of 
 new  drugs;  reimbursement  would  be  based  on  the  overall  need  of  the  drug,  and  it 
 would  be  mandatory  to  limit  the  sales  and  marketing  of  the  new  drug  to  prevent  the 
 rapid  occurrence  of  resistance  [159].  Rewards  that  are  spread  out  over  several  years 
 would  allow  for  proper  enforcement  of  these  requirements,  but  a  delayed  reward 
 would  typically  be  less  desirable  for  drug  manufacturers.  It  has  therefore  been 
 recommended  that  a  balance  be  attained  between  upfront  and  delayed  payments 
 [160].  Numerous  scholars  have  therefore  called  for  the  usage  of  market  entry  rewards, 
 though  it  has  been  recommended  that  a  balance  be  attained  between  upfront  and 
 delayed  payments  [160,  193,  196].  Piloting  of  market  entry  rewards  have  recently 
 begun  in  the  United  Kingdom  and  Sweden  [193];  ongoing  monitoring  of  the  effects  of 
 these  policies  can  dictate  whether  they  should  also  be  applied  in  an  Australian 
 context. 



 Priority Review Vouchers 
 Priority  review  vouchers  are  transferable  vouchers  which  would  be  given  to  a 
 company  when  a  new  antimicrobial  is  created  and  would  expedite  the  process  of 
 review  for  other  drugs  that  are  also  in  the  creation  process,  saving  about  four  months 
 [162].  This  incentive  would  ultimately  cost  significantly  less  to  the  public  compared  to 
 the  other  solutions.  However,  it  also  needs  to  be  recognized  that  the  overall  benefits 
 for  many  pharmaceutical  manufacturers  would  also  be  considerably  lower  because  of 
 this  policy  [160,163].  Evidence  from  this  comes  from  previously  implemented  voucher 
 programs  for  neglected  tropical  diseases.  The  most  expensive  voucher  from  the 
 program  ended  up  being  worth  350  million  USD  [163],  which  is  considerably  less  than 
 what is offered by both the market entry rewards. 

 Combined Approaches 
 All  of  these  approaches,  in  some  way  or  another,  have  the  capability  to  increase  the 
 likelihood  that  new  antimicrobial  drugs  will  be  created.  An  effective  approach  for 
 Australia  to  apply  these  solutions  would  be  for  the  policies  and  actions  to  be  enacted 
 in combination with each other. 

 Vaccines as a Solution 

 Expanding Existing Vaccine Technology 
 With  rising  challenges  in  developing  new  antibiotics,  prevention  of  primary  and 
 secondary  bacterial  infections  is  an  increasingly  more  viable  approach  in  tackling 
 AMR.  This  may  come  in  the  form  of  vaccinations  either  directly  targeting  antimicrobial 
 resistant pathogens, or preventing secondary resistance [164]. 
 Currently,  there  are  already  vaccines  targeting  bacterial  pathogens,  including 
 haemophilus  influenzae  type  B  and  a  pneumococcal  conjugate  vaccine  [165]. 
 Modelling  has  demonstrated  there  is  significant  potential  to  expand  these  into  other 
 problematic  pathogens  in  clinical  settings,  where  targeted  vaccination  can  offer 
 short-term  protection  for  patients  and  long-term  benefits  by  counterbalancing  positive 
 selection  of  resistance  in  particular  clones  or  strains  [165].  The  spread  of 
 methicillin-resistant  staphylococcus  aureus  (MRSA)  has  been  identified  through  such 
 modelling  as  having  potential  to  be  significantly  reduced  using  vaccination,  with  an 
 efficacy  between  78-91%  after  10  days  post-inoculation  (assuming  full  protection 
 after 10 days) [165]. 

 The  prevention  of  secondary  infection  through  vaccination  has  also  been  identified  as 
 a  means  of  preventing  AMR.  This  may  be  either  through  reducing  antibiotic  use  in 
 treating  secondary  infection,  or  preventing  viral  diseases  prone  to  bacterial 
 co-infection  or  superinfection  [164,166].  Modelling  of  a  hypothetical  dengue  vaccine 
 has  suggested  that  there  is  potential  in  curbing  evolved  antibiotic  resistance  through 
 reducing  inappropriate  antibiotic  administration  in  dengue  patients,  with  significant 
 economic savings as a result [167]. 

 However,  vaccinations  alone  are  limited  in  their  effectiveness  in  combating  AMR. 
 They  should  be  focused  on  bacteria  which  can  develop  AMR  quickly,  and  be  used  in 
 combination  with  other  approaches  to  manage  infection  or  reduce  demand  for 
 antibiotics  [168].  Additionally,  vaccines  with  shorter-term  immunity  present  the  risk  of 
 transforming  individuals  as  reservoirs  for  infection  in  vulnerable  populations,  which 
 offers  the  opportunity  for  resistant  strains  to  circulate  [169].  Furthermore,  much 
 research  is  either  hypothetical  or  based  on  modelling,  highlighting  the  need  for 
 significantly  more  research  and  the  establishment  of  clinical  trials  into  their 
 effectiveness. 



 New Vaccine Technology 
 New  developments  in  vaccination  techniques  show  potential  to  improve  the  use  of 
 vaccination  in  targeting  AMR.  Emerging  technologies  include  improved  reverse 
 vaccinology  techniques,  nanoparticle-based  vaccination  and  RNA  vaccines,  and  their 
 application  for  several  organisms  of  interest  have  already  been  flagged.  Vaccinations 
 have  already  been  developed  through  reverse  vaccinology  e.g.  vaccines  against 
 meningococcus  [170],  and  ‘reverse  vaccinology  2.0’  has  been  proposed  to  diversify 
 vaccination  development  techniques,  with  organisms  including  Neisseria  meningitidis 
 already  identified  as  potential  targets  [170].  Additionally,  nanoparticle-based 
 vaccination  has  potential  to  overcome  the  limitations  of  conventional  vaccines 
 through  prompting  highly-specific  immune  responses,  and  have  already  been 
 identified  as  a  means  of  targeting  Hepatitis  B  [170].  Furthermore,  RNA  vaccines  have 
 been  shown  to  be  effective  in  viral  pathogens,  and  have  had  success  against  bacteria. 
 Major  benefits  include  low  cost  and  being  capable  of  inducing  rapid  expression  of 
 large  quantities  of  antigens  [170],  highlighting  them  as  an  effective  and  efficient 
 vaccine solution to AMR. 

 Other New Technologies & Treatments 

 Monoclonal Antibodies 
 Monoclonal  antibody  use  is  another  possible  strategy  tackling  AMR  organisms, 
 already  showing  strong  promise  against  bacterial  toxins  [170].  Moreover,  they  offer 
 additional  benefits  through  existing  as  an  alternative  antimicrobial  treatment  option, 
 and  their  development  facilitating  an  increased  understanding  of  antimicrobial  activity 
 and  the  immune  system  [170].  Agents  already  in  use  include  Bezlotoxumab  [171], 
 which  was  approved  by  the  FDA  for  use  in  prevention  of  recurrent  clostridium  difficile 
 infections  in  high-risk  patients  [170].  Further  studies  show  promise  in  the 
 neutralisation  of  Staph  Aureus  infection  and  the  prevention  of  S.  aureus  associated 
 pneumonia  [172].  Whilst  these  therapies  have  not  been  shown  as  cures,  monoclonal 
 antibodies  provide  a  promising  starting  point  in  the  development  of  new  therapies 
 against microbes. 

 Bacteriophage Therapy 
 Bacteriophage  therapy  has  been  identified  as  a  very  promising  treatment  option  for 
 multi-drug  resistant  organisms  [173-176].  Having  already  been  proven  to  kill 
 antimicrobial  resistant  species  of  E.  coli  [174],  they  offer  another  means  of  targeting 
 pathogenic  microbes  and  confer  many  benefits  over  traditional  antibiotic  use. 
 Bacteriophages  are  highly  specific  to  particular  bacterial  antigens  and  are 
 overwhelmingly  incapable  of  infecting  eukaryotic  mammalian  cells  [175,176], 
 therefore  offering  potent  efficacy  in  attacking  a  narrow  spectrum  of  bacteria  with 
 minimal  toxic  side  effects  [176].  Moreover,  they  are  able  to  target  bacterial 
 populations  poorly  treated  with  antibiotics,  being  shown  to  be  highly  effective  in 
 destroying  bacterial  biofilm,  for  which  antibiotic  treatment  options  are  extremely 
 limited  [175].  In  addition,  the  development  of  phage  resistance  may  lead  to  increased 
 antibiotic  susceptibility  in  targeted  bacteria  [174,176].  Research  has  shown  that 
 bacteriophages  targeting  drug-resistant  E.coli  also  exerted  selective  pressure  in  their 
 populations  to  develop  characteristics  increasing  antibiotic  susceptibility  [174],  and 
 that  there  is  evidence  that  virulence  may  be  reduced  as  well  [176].  Furthermore,  their 
 natural  ability  to  self-replicate  removes  the  need  for  frequent  dosage  seen  in  antibiotic 
 use  [175],  and  preliminary  studies  have  suggested  that  bacteriophage  therapy  may  be 
 more cost-effective than antibiotic regimes [175]. 

 However,  whilst  showing  extremely  promising  signs  of  being  a  highly  effective 
 treatment,  limitations  exist  within  bacteriophage  therapy.  Their  highly  specific  nature 
 may  diminish  their  effectiveness  in  multi-microbial  infection  e.g.  those  found  in  burn 
 wounds  [175],  developed  resistance  to  phages  has  been  documented  [176],  and  their 



 unique  pharmacological  therapies  may  limit  administration  options  [175].  Thus, 
 bacteriophage  therapy  is  a  treatment  option  with  significant  potential,  held  back  only 
 by the infancy of its research. 

 CRISPR 
 CRISPR  is  another  emerging  solution  in  fighting  multi-drug  resistant  pathogens,  with 
 existing  research  showing  strong  potential  for  its  use.  This  has  focused  in  particular 
 as  a  treatment  option  for  ESKAPE  (Enterococcus  spp.,  Staphylococcus  aureus, 
 Klebsiella  pneumoniae,  Acinetobacter  baumannii,  Pseudomonas  aeruginosa  and 
 Enterobacter  spp.)  infections,  which  are  the  leading  causes  of  nosocomial  infections 
 worldwide  [177].  CRISPR-Cas9  has  been  shown  to  have  the  ability  modify  antibiotic 
 resistant  properties  in  bacterial  populations,  successfully  re-establishing 
 antibiotic-sensitive  phenotypes  in  beta-lactam  resistant  E.coli  to  several  beta-lactam 
 antibiotics  [178].  Additionally,  the  success  of  CRISPR  in  carbapenem  resistant 
 organisms  [178]  is  particularly  significant,  given  third-generation  cephalosporins  are 
 last  resort  treatments.  Moreover,  in  cases  where  complete  resistance  reversal  is  not 
 achieved,  even  moderate  or  intermediate  sensitivity  to  antibiotic  therapy  may  still 
 offer  therapeutic  success  [178,179].  Furthermore,  there  have  been  proposals  to  use 
 phage-mediated  CRISPR-Cas9  systems  as  a  preventative  measure  via  administration 
 on surfaces, supplementing preventative disinfection and cleansing procedures [178]. 
 As  with  other  emerging  technologies,  limitations  exist  in  the  current  state  of  CRISPR. 
 Studies  on  its  use  against  ESKAPE  organisms  are  limited,  especially  in  its  ability  to 
 modify  virulence  factors  or  antibiotic  resistance  [180].  Moreover,  its  delivery  to  target 
 bacteria,  and  the  impacts  of  off-target  genome  modifications  [180]  are  also  key 
 issues  which  constrain  its  practicality  in  current  healthcare  settings.  Thus,  with  more 
 research,  CRISPR  technology  has  significant  potential  to  become  an  effective  tool  in 
 addressing AMR. 

 Herbal Medicines 
 The  antimicrobial  potential  of  herbal  extracts  have  been  repeatedly  demonstrated  in 
 the  literature,  showing  microbe  fighting  traits  not  only  when  used  alone  but  also  in 
 combination  with  conventional  antimicrobial  drugs.  Given  the  integration  of  traditional 
 plant-based  medicine  in  mainstream  healthcare  in  many  parts  of  the  world  [185],  their 
 use  has  the  potential  to  be  a  widely  available  and  effective  means  of  combating 
 drug-resistant microorganisms. 

 Whilst  most  research  has  focused  on  the  antibacterial  properties  of  these 
 compounds,  they  have  also  been  shown  to  be  effective  against  viruses  [183], 
 parasites  [191]  and  potential  against  fungi  [183].  Of  note  is  the  2015  Nobel  Prize 
 winning  development  of  the  antimalarial  drug  Artemisinin  [191],  derived  from  the 
 sweet  wormwood  plant  of  China  [189],  where  Artemisinin-based  combination  therapy 
 is  currently  recommended  by  the  WHO  for  the  treatment  of  uncomplicated  malaria 
 [190].  Other  herbs  with  antimicrobial  properties  that  are  used  in  traditional  Chinese 
 medicine  have  been  identified  [182],  as  well  as  hundreds  of  other  plant  genuses 
 worldwide [185]. 

 The  main  mechanism  of  herbal  antimicrobial  action  comes  from  the  presence  of 
 secondary  metabolites,  such  as  alkaloids  and  polyphenols  [186].  Postulated 
 antibacterial  mechanisms  include  interference  with  intracellular  processes  and 
 structures  [183,  186],  inhibiting  bacterial  growth  [182,  183,  186],  reducing  virulence 
 [182,  183],  destroying  biofilm  creation  [182,  183,  186]  and  decreasing  adhesion  ability 
 [182].  Additionally,  they  may  also  enhance  the  efficacy  of  conventional  antimicrobial 
 treatments  [173,  183-186],  through  optimising  drug  pharmacodynamics  and 
 pharmacokinetics  [184].  Moreover,  some  have  been  identified  to  have  broad-spectrum 
 antibiotic  potential  with  greater  efficacy  than  traditional  antibiotics  [181],  and  can 
 target  different  bacterial  strains  depending  on  the  part  of  the  plant  used  [181,  182]. 



 Furthermore,  there  may  also  be  plant  compounds  that  are  effective  against  already 
 multi-drug  resistant  bacteria,  with  one  already  identified  as  having  positive  results 
 against mycobacterium tuberculosis [188]. 

 Extracted  compounds  from  plants  are  also  postulated  to  hinder  a  pathogen’s  ability  to 
 develop  resistance  to  them  [183,  184].  This  may  be  due  to  the  presence  of  a  multitude 
 of  secondary  metabolites,  presenting  challenges  to  resistance  development  arising 
 from  the  high  number  and  chemical  complexity  of  these  substances  [183].  In  addition 
 they  may  also  enhance  cellular  processes  such  as  immune  responses  to  infection 
 [183, 184], further diminishing the ability of pathogens to develop within a host. 

 There  is  much  promising  research  into  the  use  of  herbal  medicines  as  a  tool  against 
 AMR,  and  there  is  an  overwhelming  call  for  more  research  into  this  area  [173, 
 181-188].  This  includes  more  in  vitro  examination  [184-186],  given  most  available 
 research  is  conducted  in  vivo,  and  to  identify  the  more  complex  antimicrobial 
 mechanisms  of  these  compounds  [182].  Moreover,  other  challenges  include  difficulty 
 obtaining  high-purity  extracts  [182],  and  the  limited  evidence  of  bacterial  resistance  to 
 herbal antimicrobials [187]. 
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 Appendicies 

 Appendix  1:  Classification  and  inclusion  of  notifiable  diseases  of  the  Australia 
 Department of Health 

 ●  Burden of ill health 
 ○  Adjustments to years lost 

 ●  Socioeconomic impact of disease 
 ○  Considers  the  cost  of  infection  to  individuals,  organisations  and  the 

 health  care  systems.  Assessments  are  usually  subjective  as  economic 
 impact analysis data does not exist. 

 ●  Potential threat of disease over the next 5-10years 
 ○  Considers  antimicrobial  resistance,  gaps/shortages  in  vaccination 

 coverage,  changes  in  environments,  endemic  areas,  agriculture  and 
 animal care, and communicability of the disease. 

 ●  Health gain opportunity 
 ○  Assesses  preventability  by  potential  and  availability  of  vaccines,  and 

 potential scope of disease spread by public health response. 
 ●  Public concern and confidence 

 ○  Considers  interest  from  Q&A  groups,  governments,  medial,  and 
 special interest groups 

 ●  WHO/EU interest/Networks/Food Safety Authority interest 
 ○  Considers  mandates  on  collection  of  information  regarding  certain 

 diseases  [i.e.  Cholera,  TB]  by  WHO/EU,  and  other  international 
 organisations. 

 ●  Professional interest in notification 
 ○  Whether a professional group would have an interest in notifying. 

 Appendix 2:  Organisms are under surveillance in community  settings: 
 Organism 
 (community 
 setting) 

 Passive 
 surveillance 

 Targeted surveillance (current group) 

 Streptococcus 
 pneumoniae 

 Yes  Invasive only i.e. blood/cerebrospinal fluids (none) 

 Haemophilus 
 influenzae 

 Yes  Invasive type b only i.e. blood/cerebrospinal fluids (none) 

 Moraxella 
 catarrhalis 

 Yes  No 

 Staphylococcu 
 s aureus 

 Yes  Yes (AGAR) 

 Streptococcus 
 pyogenes 

 Yes  No 

 Escherichia coli  Yes  Yes (AGAR) 

 Salmonella 
 species 

 No  Yes (NEPSS) 

 Campylobacter 
 species 

 No  Yes (NEPSS) 



 Neisseria 
 gonorrhoeae 

 No  Yes (NNN) 

 Neisseria 
 meningitidis 

 No  Yes (NNN) 

 Mycobacterium 
 tuberculosis 

 No  Yes (AMRLN) 

 Appendix 3:  Organisms are under surveillance in hospital  settings: 
 Organism (hospital setting)  Passive surveillance  Targeted surveillance (current group) 
 Staphylococcus aureus  Yes  Yes –multi-resistant Staphylococcus 

 aureus (AGAR) 
 Enterococcus species  Yes  Yes –vancomycin resistant 

 enterococci (AGAR) 
 Escherichia coli  Yes  Yes (AGAR) 
 Klebsiella species  Yes  Yes (AGAR) 
 Enterobacter species  Yes  Yes (AGAR) 
 Acinetobacter species  Yes  Yes –multi-resistant (SA only at 

 present) 
 Pseudomonas aeruginosa  No  Yes –multi-resistant (SA only at 

 present) 
 Clostridium difficile  Yes  No 

 Appendix  4:  RACGP  commitments  to  adopt  AMR  education  programs  and  to 
 implement AMS principles 

 Objective  Action plan 

 Community education  ●  Strengthen  consumer  awareness  to  improve 
 understanding  AMR  and  appropriate  antibiotic 
 use 

 ●  Reinforcing  key  messages  to  patients  and  client, 
 increase  support  for  human  and  animal  health 
 professionals 

 ●  Create  action  plan  to  ensure  community  wide 
 engagement and awareness regarding AMR 

 ●  Work  with  NPS,  NPSMedicinewise  to  develop 
 and  promote  educational  resources  for 
 appropriate antibiotic use 

 Clinical governance  ●  Utilisation  of  Medicare  funding  to  improve  AMR 
 strategies 

 ●  Removal of OTC topical antibiotics 
 ●  Call  on  clinical  softwares  to  remove  automatic 

 repeats for antibiotics 
 ●  Date  limit  prescriptions  to  prevent  use  of 

 antibiotics for other ailments or 2  nd  dosing 
 ●  Authority  prescription  for  antibiotics  that  need 

 reduction in use 



 GP education  ●  Increase  and  strengthen  communication  and 
 education initiatives for health care members 

 ●  Ensure  availability  of  tailored  and  evidence  based 
 guideline 

 ●  Develop  tailored  and  evidence  based  support  of 
 AMS programs 

 ●  Implement  clinical  guidelines  into  prescribing 
 software 

 ●  Addressing AMR, and AMS in aged care settings 
 ●  Plans  to  employ  audit  and  feedback,  delayed 

 prescribing, and nudge behaviour techniques 

 Infection control  ●  Ensure  availability  of  evidence  based,  best 
 practice  and  nationally  consistent  standards  of 
 infection  prevention  control  across  human  and 
 animal health sectors 

 Outcome monitoring  ●  Improve  human  health  surveillance  by  monitoring 
 antibiotic prescribing activity in primary care 

 ●  Monitor rates of AMR organisms in Australia 
 ●  Monitor  hospital  and  ED  presentations  that  may 

 have been triggered by AMR in the community 

 Research  ●  Agree  on  a  national  research  agenda  and 
 promote  investment  in  the  discovery  and 
 development  of  new  products  and  approaches  to 
 prevent, detect, and contain AMR 
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