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Antibiotics are life-saving medicines
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Kumar et al. Crit Care Med. 2006 Jun;34(6):1589-96.
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The Problem



Lepper PM et al. Antimicrob Agents Chemother 2002;46:2920-5.

Antibiotic use drives the 
emergence of antibiotic resistance



First reported cases of bacterial 
resistance to key antibiotics

Slide courtesy of Ramanan Laximanarayan

Bars represent the amount
of time taken for bacteria
to develop resistance 
after market introduction

Green year = Market introduction

Red year = 1st resistance case
reported

[First organism reported to be resistant]





– b-Lactam resistance - blaTEM

– Tetracycline resistance - TetM

– Vancomycin resistance - VanX

– Aminoglycoside-antibiotic-

modifying acetyltransferase 

AAC(3) ribosome 

methyltransferase

– Macrolide, lincosamide and 

type B streptogramin 

antibiotic resistance – Erm

Metagenomic analysis of 30,000 year old permafrost samples



Horizontal Gene Transfer

Slide courtesy of Dr Adrian Brink



Antibiotic use selects out 
resistant bacteria

Antibiotic 

Sensitive bacterium

Resistant bacterium

replication



Lepper PM et al. Antimicrob Agents Chemother 2002;46:2920-5.

Antibiotic use drives the 
emergence of antibiotic resistance



The core of the problem in human health



Hospitals are no better:
antibiotic prescribing in South African ICUs

Paruk et al. SAMJ 2012; 102(7): 613-6

1 patient 

simultaneously 

received:

Cloxacillin

Teicoplanin

Metronidazole 

Amikacin

Ceftazadime

Meropenem

Levofloxacin 

Erythromycin

Co-trimoxazole

Fluconazole



Lancet Infect Dis 2014;14: 742–50

36% increase in global antibiotic consumption between 2000 – 2010

75% of that increase occurred in BRICS countries



Per capita total carbapenem use;
retail sector 2005 - 2010



Increasing hospital sector use of 
carbapenems 2005-2010



Humans travel, and with them, 
resistant bacteria
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Outbreaks involving carbapenemase 
resistance genes in South Africa

SAMJ 2012; 102(7): 599-601 J Clin Micro 2013; 51(1): 369-72



AMR & 
One Health

Diagram based on Linton (1977), as adapted by Rebecca Irwin, Health Canada (Prescott 2000) and IFT



http://homosapienssaveyourearth.blogspot.com/2011/07/world-population-growth-map-2008-2050.html

World population to reach ~8 billion by 
2025 with increasing urbanization



Global Biomass of animals raised for food
> Global Biomass of humans

FAOSTAT. Available at www.faostat.fao.org



By 2030, BRICS population will increase by 13% 
compared to animal consumption increase of 99%

Van Boeckel. www.pnas.org/cgi.doi/10.1073/pnas.1503141112



67% increase in global consumption of antibiotics 
used for livestock between 2010 - 2030

Largest 5 
consumers
of LA-Abx 2010

Largest 5 
consumers
of LA-Abx 2030

Largest increase 
in LA-Abx
2010 to 2030

Largest relative 
increase LA-Abx
2010 to 2030

Van Boeckel. www.pnas.org/cgi.doi/10.1073/pnas.1503141112



In-feeds (69%)

Water soluble (12%)

Eagar et al. J S Afr Vet Assoc. 2012;83(1)

Parenterals (17.5%)

Intramammaries (4%)
1. Penicillins (98%)

Other dosage forms (1.5%)

South Africa is no exception:
Antibiotics sold for animal health 2002 – 2004







Wardyn et al. Clinical Infectious Diseases® 2015;61(1):59–66

Current swine workers 6 times more likely
to carry MDRSA than those without





Just like humans, animals travel too

4.2 million livestock exported on the hoof from Somalia to Middle East in 2012



‘Collateral Damage’ from 
Antibiotics



28-year old HIV-infected man with Stroke

• 10-day hospital stay

• 3 separate episodes of isolated temperature 

<38oC

• No focus of infection & otherwise well

• 3rd episode – intern prescribes empiric 

ceftriaxone



28-year old HIV-infected man with Stroke

Died 6 days later of
fulminant C. difficile
infection



Outbreak of MDR-Pseudomonas aeruginosa 
on a Haematology Transplant Unit

Slide courtesy of Colleen Bamford



Outbreak of MRSA 
Closes the Equine Clinic in 2013





Deaths attributable to AMR every year 
compared to other major causes of death

The review on antimicrobial resistance, chaired by Jim O’Neil, 2014



The Hammer Blow will fall on LMICs

The review on antimicrobial resistance, chaired by Jim O’Neil, 2014



AMR’s impact on World GDP (trillions of USD)

The review on antimicrobial resistance, chaired by Jim O’Neil, 2014. http://amr-review.org



“We estimate that without antimicrobials,

the rate of postoperative infection in [total hip 

replacements] is 40-50% and about 30% of 

those with an infection will die.”





Dates of discovery of distinct classes of antibacterial drugs

WHO AMR Report 2014



Review on AMR. Securing new drugs for future generations: the pipeline of antibiotics. 2015



The Solutions





Tragedy of the Commons

Antibiotics are Global Public Goods 

non-excludable & non-rival in consumption



68th World Health Assembly - Adoption of the 
WHO Global Action Plan on Antimicrobial Resistance



Strategic Objectives of the GAP

1. Improve awareness and understanding of AMR through 

effective communication, education and training.

2. Strengthen knowledge and evidence-base through 

surveillance and research.

3. Reduce the incidence of infection through effective 

sanitation, hygiene, and infection prevention measures.

4. Optimize the use of antimicrobials in human and animals

5. Develop the economic case for sustainable investment in 

new medicines, diagnostics. 



Global Health Security Agenda
• Enhance Prevention

– Antimicrobial resistance monitoring and prevention

– Reduce spill over of zoonotic diseases into human populations 

– Immunization

– Biosecurity and Biosafety

• Robust Detection
– Nationwide laboratory systems

– Real-time surveillance  

– Workforce development package

– Reporting action

• Respond
– Emergency Operations Centere

– Linkages and multi-sectorial rapid response action

– Personel development



Situational Analysis, 2011 

S Afr Med J 2011; 8



Adult Infectious 
Diseases Specialists

Paediatric Infectious 
Diseases Specialists

Microbiologists

Pharmacists

Epidemiologists
Animal Health 

microbiologists & 
Veterniarians

Surgeons & 
Intensivists

Infection Control 
Practitioners



Family 
Practitioners?

General 
Practitioners?

Travel Health 
Providers?

Military?

Diagnostic 
Companies?

Pharmaceutical 
Companies?

Legal 
representatives?

Medical Aids?



National AMR Summit, October 2014



Governance Structures
Strengthen, coordinate and institutionalise interdisciplinary efforts through national and health 

establishment level governance structures

Surveillance
Optimise surveillance 

and early detection of 

antimicrobial resistances to 

enable reporting of local, 

regional, and national 

resistance patterns to 

optimise empiric and 

targeted antibiotic choice

Infection Prevention & 

Control
Enhance infection prevention and 

control of the spread of resistant 

microbes to patients in healthcare 

settings, focusing 

on improvement in hand

 hygiene and the 

patients with resistant organisms. 

Community measures include 

preventing infection through

wide-reaching vaccination 

programmes and 

improvements in water and 

sanitation.

Antimicrobial Stewardship
Promote appropriate use of antimicrobials 

in human and animal health through 

antimicrobial stewardship 

including:

 Effective policies and protocols

 Stewardship at point-of-care

 National prescribing guidelines

 Appropriate antibiotic choice

Legislative and policy reform for health systems strengthening to support  the quality of antimicrobials 

in the country and to enable control over prescribing of antimicrobials in the animal health sector.

Education of all levels of health providers in human health and agriculture in the critical concepts of 

antimicrobial stewardship, infection control, infectious diseases, microbiology and pharmacology.

Communication to educate the public, create awareness of the dangers of inappropriate antimicrobial use 

and enhance patient advocacy to combat antimicrobial resistance.

Research into novel diagnostics, such as point of care testing, new antimicrobials and implementation of 

treatment guidelines (treatment duration, antimicrobial consumption).

               Commitments                                   Time Frames & Actions
1. To collaborate as intersectoral, 

interdisciplinary organisations and 

departments to strengthen, co-ordinate and 

institutionalise efforts to address 

Antimicrobial Resistance

Short term –  March 2015: Establishment and initial meeting 

of National Ministerial Advisory Committee 

Short to medium term  2015 - 2019: Strengthen governance at Health 

Establishment levels

2. To establish a national surveillance system 

to track and report resistant organisms and 

Antimicrobial  use in agriculture and 

human health

Short term 2015 - Develop an Antimicrobial Resistance map for South 

Africa through data sharing between the private and public sector 

laboratory services 

3. To enhance the processes, structures,

resources and supplies needed for

 effective Infection Prevention & Control

Short term 2015 - Ensure the equipment and Infection Prevention 

& Control resources required to practice effective hand hygiene are 

available at all times in all Health Establishments

Medium term 2016 – 2019 – All Health Establishments meeting 

compliance of the National Core Standards relating to Antimicrobial 

Stewardship and Infection Prevention & Control

4. To promote the appropriate use of Antimicrobials 

in human and animal health through antimicrobial 

stewardship in facilities and suitable enabling 

legislation and regulations

Short term 2015 – Ensure availability of Antimicrobials according to 

Essential Medicines List in all Health Establishments

Medium term 2016 – 2019 – Review of antimicrobials use in feed 

additives

5. To build the expertise and strengthen the 

competency of health and veterinary professionals 

workforce in 

Antimicrobial Resistance and Infection Prevention & 

Control 

Medium term 2016 – 2019 -  Development of  strategy and 

operational plan for the integration and implementation of 

Antimicrobial Resistance and Infection Prevention & Control training 

into the undergraduate and post graduate medical curriculums of 

health care professionals in South Africa

6. To increase the community awareness of 

Antimicrobial Resistance 

Short term 2014 – 2015 – Design of an awareness campaign relating 

to Antimicrobial Resistance based on past successful campaigns

7. To promote research into novel diagnostics and 

clinical trials in Infection Prevention & Control and 

Antimicrobial Resistance

Antimicrobial Resistance National Strategy Framework Commitments
The purpose of the Antimicrobial Resistance National Strategy framework is to

 provide a framework for managing Antimicrobial Resistance (AMR), to limit further

 increases in resistant microbial infections, and improve patient outcomes.
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National Department of Health of the Republic of South Africa 
and 

Participating Stakeholders from Various Sectors, each Company represented herein as follows:

GOVERNMENT LABORATORY SERVICES CLINICIAN SOCIETIES CIVIL SOCIETY                                REGULATORY SOCIETIES

Department of Agriculture, Forestry and Fisheries

National Department of Health

Department of Science and Technology

                   
                   
                                      National Health Laboratory Services

                                   
                                      AMPATH (on behalf of Private Labs)

                                                            
 
                                             South African Antimicrobial
                                               Stewardship Programme

                                          federation of infectious diseases
                                          societies of southern africa

                       
                           
                                              Treatment Action Campaign

                                                               Section 27

                                                       Médicins Sans Frontières

                  
                  

                                   South African Pharmacy Council

                                   South African Veterinary Council

                                             
                                            Medicines Control Council

                                             South African Nursing Council

                            Health Professionals Council of South Africa

Signed on this 16th  day of October 2014 in Johannesburg as The Antimicrobial Resistance National Strategy Framework Commitments



www.health.gov.za/index.php/component/phocadownload/category/199

http://www.health.gov.za/index.php/component/phocadownload/category/199


Pillars of the South African AMR 
Strategy Framework

Antimicrobial Resistance Governance

Enhance 
surveillance

Antimicrobial 
stewardship 

Prevention 
including IPC 

and 
vaccination

Impact: Rational Antimicrobial 
use  and  improved patient outcomes

Education and Communication/ Public awarenessHealth Systems Strengthening, 

Research, Education, & Communication



Academia

Military

Professional
Societies & 
Bodies

Private Hospital
groups

Laboratory
Networks

Intersectoral Ministerial Advisory Committee

Civil Society
& key NGOs



Roles of the Ministerial Advisory Committee

1. Enhance national surveillance and reporting in all sectors

2. Guide selection of antimicrobials in the EML based on AMR

3. Leadership & guidance to implement systems of stewardship 

4. Improve prevention strategies - IPC & vaccination programs

5. Advise on core curricula for AMR, patient advocacy and 

awareness campaigns to reduce the inappropriate use





Resistance 
profiles

Antimicrobial 
Consumption

Drug Quality
Medication 

Errors

Surveillance & 
Reporting





Antimicrobial Stewardship

“A [multi-disciplinary] systematic approach to 

optimising the appropriate use of antimicrobials 

to improve patient outcome & limit emergence 

of resistant pathogens whilst ensuring patient 

safety.”



Building 
expertise in 
Antibiotic 

Stewardship
Develop 
Curricula

National and 
Regional 
Training 
Centres

Increase HR in 
under-

resourced 
Provinces Antibiotic 

prescribing 
guidelines

Antibiotic 
prescribing 

license



http://www.fidssa.co.za/images/SAASP
_Antibiotic_Gudidelines_2015.pdf

http://www.fidssa.co.za/images/SAASP


1. BOYLES
2. Dr TOM
3. 20.09.1971  United Kingdom
4a. 16.10.2014 4b. National
5. Expires 15.10.2016

6. Division of Infectious Diseases & HIV 
Medicine, Groote Schuur Hospital, Cape 
Town

7. Level 10 – full antimicrobial prescribing

ANTIMICROBIAL PRESCRIBING LICENSE        



Job descriptions 
& performance 

appraisals

Protected time 
for AS activities

Integration of IT 
systems

E-prescribing and 
Antimicrobial 

Chart

Institutionalize 
Antibiotic Stewardship



Strengthen Infection Prevention

• Rectify social determinants of infection

• Strengthen vaccination programs

• Implement National IPC Norms & Standards

• Integration of Infection prevention into the 

health curriculum

• Recognition of IPC practitioners in the 

occupation specific dispensation



Change in incidence of Invasive pneumococcal 
disease as a result of introduction of PCV7 & PCV13

N Engl J Med 2014;371:1889-99. DOI: 10.1056/NEJMoa1401914



Penicillin-non-susceptible isolates causing 
Invasive Pneumococcal Disease in children <2y 

PCV7 introduced

N Engl J Med 2014;371:1889-99. DOI: 10.1056/NEJMoa1401914

PCV13 introduced



http://www.who.int/mediacentre/events/2015/world-antibiotic-awareness-week/en/



The Animal Health 
Response



Legislative 
Framework

The Constitution 
of South Africa

National Health 
Act

Medicines & 
Related 

Substances Act

Public Finance 
Management Act

National Drug 
Policy

Health 
Profession Act

The Fertilizers, Farm, 
Feeds, Agricultural 

Remedies and Stock 
Remedies Act            

(Act 36 of 1947) 

The Veterinary And 
Para-Veterinary 
Professions Act   
(Act 19 of 1982) 



Are AGPs necessary? 
Effects have diminished over time

OECD Working Party Report on Global Antimicrobial Use in the Livestock Centre. 26-Feb-2015



Production responses to AGPs are decreased 
when production conditions are optimised

Housing Hygiene

Nutrition Health

http://www.agricultureandfood.co.uk/Current_issues/Danish_Matters/2011



Potential loss of annual meat production
Following AGP withdrawl (in %)



SA National Veterinary Surveillance and Monitoring 
Programme for Resistance to Antimicrobial Drugs 





Re-invigorating the antibiotic pipeline

http://www.mistymountaingraphics.com/gallery6.html



Review on Antimicrobial Resistance. 
Securing new drugs for future generations: the 
pipeline of antibiotics. 2015



Interventions 
to support antibiotic development

1. De-linkage - Change how developers are 

rewarded 

2. A global innovation fund for AMR as a 

funding stream for early development

3. Oil the gears of antibiotic development -

Increase efficiency by centralizing public 

platforms



Implementing de-linkage:
the new global buyer model

• Global body operating in the public interest that 

purchases global sales rights, thereby controlling and 

enabling conservation

• Ability to manage the supply internationally

• Practical issues

– How to set eligibility criteria and re-imbursement price ($2-3 

billion)

– Would an existing organization or new body be needed?

– Terms of conservation to incentivize rational use



Implementing de-linkage:
The Hybrid Model

• Lump sum payment according to value of the antibiotic to 

society. ~ USD 1-1.3 billion

• Allow company to sell antibiotic for a profit

• Payer take back some money if the antibiotic sells well

• Advantages 

– Able to set conditions – Stewardship, Global access goals – LMICs

– Limit how drug is marketed to avoid perverse incentives

– Offers pharmaceutical companies protection against risk, whilst 

rewarding those who come up with more useful antibiotics



Global Innovation Fund for AMR
Pump-priming for early-stage research

• Increase understanding of the mechanisms of 
drug resistance

• Focus on practical diagnostic tools for AMR

• Re-visit old libraries of antibiotics and study 
combination therapies

• Fund blind spots

– Dose and pharmacology studies

– Manipulating host immunity 

Review on AMR. Securing new drugs for future generations: the pipeline of antibiotics. 2015



Global Innovation Fund for AMR
Pump-priming for early-stage research

Review on AMR. Securing new drugs for future generations: the pipeline of antibiotics. 2015



Oiling the gears of antibiotic development

• Harmonize and simplify drug approval process

– Align & streamline registration across countries akin to EMA/FDA

• Increase the role of public bodies in facilitating clinical trials 

– Governments and health systems more involved, so that 

pharmaceutical companies take advantage of healthcare provider 

knowledge and infrastructure

• Sharing ideas and research

– Reduce overlap and duplication 

– Medicines for Malaria Venture - Organisations register projects to avoid 

duplication and flag up where an approach hasn’t worked 

Review on AMR. Securing new drugs for future generations: the pipeline of antibiotics. 2015



Societal Needs from an Antibiotic Pipeline

15 new 
antibiotics 

per 
decade

2 new and 2 
follow-on BSA 
against MDR 

bacteria

2 new and 2 
follow-on NSA 
against MDR 

bacteria
7 further 

antibiotics that 
provide 

incremental value



Antibiotic Resistance

Problems

Solutions


