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Can we foretell the future?



Mechanisms of resistance as confounder in antibiotic stewardship –

Black Swans?

Overview of current situation AMS – Human Health 

CRE prevalence in the public sector –colistin drug
resistance was reported in 18.6% (201/1079) of
the isolates



The Critical Balance

Importance of 

appropriate empiric 

therapy

Effect of broad-spectrum 

therapy on resistance

Mortality increases 

when initial therapy 

is inappropriate

Resistance increases 

when broad-spectrum 

agents are needed; 

Resistance has a 

negative impact on 

outcomes

“Collateral damage



AMR Policy Building Blocks

WHA endorses Global 
Action Plan on AMR in 

May 2014 

AMR Strategy 
Framework

October 2015

AMR Implementation 
plan

Approved in  June 
2015

AMS One Health 
Governance 
Guidelines

Instruction from WHA to 
Member States to develop 

NAPs

SA’s response: NAP SA’s NAP: How to 
implement

SA’s NAP: Governance and 
M&E framework

AMR Strategy 
Framework version 2

April 2018

AMS Hospital Level

April 2019

Surveillance for 
antimicrobial resistance 
and consumption report

November 2018

IPC Strategic 
Framework & Practice 
Manual (March 2020)

UPDATE: Including Animal 
Health AMR aspects

Application of AMS at 
hospital level

1st National Surveillance 
(AMU and AMR) report

Framework and 
implementation manual 

(through Quality Assurance 
Dept and MAC-AMR)



Governance and Communication Pathways

Minister of Health

MAC-AMR

Provincial AMR 
Committees

NEMLC

Advises Minister on 
country’s approach to 

improve antimicrobial use 
and appropriate 

communication strategies; 
Set min. standards of 

activities/interventions to 
be implemented; 

PPTC

Reporting pathway Role and function

Surveillance
Guidance and mentorship

Monitor progress
Funding, budget support

Access to training
One health alignmentSee Figure 7 (next 

slide)



Governance and Communication Pathways



Antimicrobial Resistance National Strategy Framework; One Health Approach, 

2018-2024 five strategic objectives:

1 2 3 4 5

Strengthen, 

coordinate and 

institutionalise 

interdisciplinary and 

intersectoral efforts 

through national and 

provincial One Health 

governance structures 

which encompasses 

human, animal, and 

environmental health 

experts

Diagnostic 

Stewardship to 

improve the 

appropriate use of 

diagnostic 

investigations to 

identify pathogens and 

guide patient and 

animal treatment and 

antimicrobial 

management whilst 

strengthening quality 

laboratory systems for 

the detection of 

disease

Optimise 

surveillance and 

early detection of 

AMR and 

antimicrobial use to 

enable reporting of 

local, regional, and 

national resistance 

patterns to optimise 

empiric and targeted 

antibiotic choice

Enhance IPC and 

biosecurity to prevent the 

spread of resistant 

microbes to patients in 

healthcare settings and 

between animals, farms 

and countries. Reduced 

use of antimicrobials by 

disease prevention and 

community measures 

include wide-reaching 

vaccination programmes, 

improvements in water 

and sanitation, and 

improved biosafety

Promote 

appropriate use of 

antimicrobials in 

human and animal 

health through AMS 

practices and 

controlled access 

to antimicrobials to 

ensure availability.

The AMR National Strategy Framework  provides a structure for managing AMR among humans and animals to 

limit further increases in resistant microbial infections, and improve the health of the population



Strategic objectives (cont.)

Under Sub-objective 5.2: Institutionalise antimicrobial stewardship in human health, Antimicrobial Stewardship (AMS) is highlighted as a key 

method to help correct inappropriate use through protocols, structures and interventions. AMS Includes:

AMS Committee or structure to function in every Health Establishment and 
district aligned within the overarching clinical leadership functions

AMS Teams in every institution to actively oversee appropriate prescribing 
and optimise antimicrobial use. Outreach and support by experts may be 
sought to advise and train teams

Provision, use and monitoring of protocols such as formulary restrictions, 
pre-authorisation of antimicrobials, monitoring the use of national 
prescribing guidelines such as the STGs and EML, and development of 
local treatment guidelines based on health establishment resistance data

Expenditure on antimicrobials 

• AMS is a key function of PTCs -

can either be a subcommittee 

of the PTC or other relevant 

standing Committee, at the 

discretion of the Provincial 

Head of Health. 

• PTC should develop and 

maintain a mechanism for 

regular interaction with and 

feedback from the AMS 

committee. 

• AMS should be a standing item 

on the agenda of PTC meetings 

and should form an essential 

part of the RMU cycle



Coming Soon – NSC Antimicrobial Stewardship Dashboard

Purpose
• To provide an overview of antimicrobial use across South Africa’s public health sector over 

time, enabling an indication of possible irrational use of antimicrobials to trigger 
appropriate interventions. 

Scope
• Antimicrobial consumption data (demand planning and supplier data) - NDoH
• Antimicrobial resistance data – publicly available from NICD
• Trends over time per province
• Disaggregation per ATC code



Our gut / colon, is like Kowloon City. 

We have an estimated 2.2 kg of bacteria in our 

colon (100 trillion), and one of its important 

functions is colonisation resistance.

The concept of colonisation resistance



Where does bacterial resistance come from?

D ‘Costa, Nature 2011; 477:457 - 61



Where does bacterial resistance come from?

• Bacteria for 4 billion years in existence

• In 30 000 yr old permafrost samples, the following detected in this metagenomic

analysis study:

– The β-lactamase blaTEM found in 30,000 year old permafrost samples

– Ribosomal protection protein TetM, which confers resistance to tetracycline 

antibiotics

– The D-Ala-D-Ala dipeptide hydrolase VanX, which is a component of the 

vancomycin resistance operon

– The aminoglycoside-antibiotic-modifying acetyltransferase AAC(3) ribosome 

methyltransferase

– Erm, which blocks the binding of macrolide, lincosamide and type B 

streptogramin antibiotics.

“These results show conclusively that antibiotic resistance is a

natural phenomenon that predates the modern selective pressure

of agricultural or clinical antibiotic use”

D ‘Costa, Nature 2011; 477:457 - 61



The Human Microbiome



Effects of antibiotics on microbiome in gut 



There is without a doubt going to be a lot of 

attention paid to antimicrobial stewardship!



Definition: Antimicrobial Stewardship

• Infection control plus antimicrobial management

• Appropriate antimicrobial selection, dosing, route, and duration

• Systematic selection of antimicrobials that cause the least collateral damage

▪ MRSA

▪ ESBLs

▪ Clostridium difficille

▪ Stable depression

▪ Metallo-beta-lactamases and other carbapenemases

▪ VRE



Goals of Antimicrobial Stewardship

• Primary goal

▪ Optimize clinical outcome/minimize unintended consequences of antimicrobial use

▪ Unintended consequences:
• Toxicity 

• Selection of pathogenic organisms

• Emergence of resistant pathogens

• Secondary goal

▪ Reduce healthcare costs without adversely impacting quality of care





Core Members of the Team

• Infectious disease physician

• Clinical pharmacist with infectious disease training

• Other members of the team
▪ Microbiologist 

▪ Information system specialist 

▪ Infection control professional 



Role of Infection Control

• Infection control trumps everything else
▪ Hand hygiene – must have hand washing policies

▪ Barrier precautions

• Devotion to all aspects of strict infection control
▪ Nursing staff

▪ Medical staff

▪ Medical staff leadership



Recommended Components of an Antimicrobial Stewardship Program

• Foundation = 2 core, proactive strategies

▪ Formulary restriction and preauthorization

▪ Prospective audit with intervention and feedback



Other Recommended Components of an Antimicrobial Stewardship Program

▪ Standardized order sets and clinical pathways 

(foster evidence-based prescribing)

▪ Antimicrobial order forms

▪ De-escalation of therapy (Review C&S results; on-going review of therapy)

▪ Dose optimization (right dose for site of infection; 

renal dose adjustment)

▪ IV to oral dose conversion





New drugs approved or in clinical development with activity against 

multi-drug resistant Gram-negatives

Paterson et al. Curr Opin Infect Dis 2020;33:214-223.





Measurement and antimicrobial stewardship 

programs

• Why we should measure

• What should we measure

– Structural measures

– Process measures

– Outcome measures

• How do we drive action with the data



Why measure?

To assess the effectiveness of any implemented strategies to determine:

• That they achieved what we wanted (led to improvement)

• That there are no unintended adverse consequences

To prove our worth…

• To executives

• To our prescribers and clinicians and patients



What to measure?

• Hospitals are struggling to identify appropriate measures of success

• The relevant methods and measures for different hospitals will vary 

• Access to meaningful data is a challenge

– Unstructured/structured data

– Lack of interoperability

– Lack of definitions

– Beware of adminstritative data

• EHRs are not necessarily a solution (rubbish in/rubbish out)



Types of measures

STRUCTURE PROCESS OUTCOME

The context in which 
healthcare is provided

Organisational 
structure and available 
resources (people, 
tools)

What we need to have 
in place

The method by 
which health care is 
provided

Quantity and quality 
of prescribing

What we are doing

The consequence of 
the health care 
provided

Eg; morbidity and 
mortality from infection

What we are achieving



Quantity - Antibiotic consumption 

• Cost of antibiotics consumed (budget)

• Volume/ Amount of antibiotics consumed 

– Defined daily dose (DDD) – WHO
• Not useful for paediatrics, affected by dose used (eg 1g vs 2g cetriaxone)

• Can be done from pharmacy dispensing/ purchasing

– Days of therapy (DOT) – IDSA
• Can be used for paediatric, not affected by dose

• Can be done if electronic prescribing, otherwise too hard

– Must be adjusted for population (beware case-mix)
• Usually /1000 occupied bed days for inpatients (per 1000 inhabitants for outpatients)

• Beware confusion if use of per 1000 admissions in the denominator





Fatima Suleman EuroDURG 2017

Global Drug Utilization Review: 
What’s happening in Africa?

ENAABLERS Study





Fatima Suleman EuroDURG 2017

Global Drug Utilization Review: 
What’s happening in Africa?

We need to work 
together!!



SOUTH AFRICA 

“The overwhelming majority of South Africans rely on the public 
health sector…”

“Despite the issues facing the private sector and regardless of the 
proposal for a unified, single-payer health system…” 

“The public sector still requires the greatest amount of resources”                
- Michael Edmonton 



• Only 17 in 100 South Africans have medical insurance, the essential key that opens the door to private healthcare. As many as

45 million, or 82 out of every 100 South Africans, fall outside the medical aid net, and as a result are laregely dependent on

public health care.

• The lack of medical cover is expressed in the decisions that families make. When asked, seven in every ten households choose

to go to a public clinic or public hospital as their first point of access if a household member becomes ill. Only a quarter of

households opted to go to a private institution.

• It’s no wonder then that healthcare is a high priority for public-sector spending. For every rand that the South African government

spent in 2014/15, 11 cents went to healthcare, totalling R157 billion.2 This makes healthcare the fourth largest item of

government expenditure, superseded by education (19 cents), social protection (13 cents), and executive and legislative organs

(13 cents).

• Who spends this money? The bulk, 86% in fact, was spent by provincial government, which is tasked to manage the nation’s

public healthcare system, comprising 422 hospitals and 3 841 clinics and health centres.

South African Health Care 

8
Stats SA, General Household Survey, 2016. Table 7 (download here). The 82 in 100 South Africans without medical aid excludes those who indicated that they don’t know if they have medical aid, 

and those classified as ‘unspecified’.

http://www.statssa.gov.za/?page_id=1854&PPN=P0318


South Africa’s Antimicrobial Resistance 

National Strategy Framework

• SAASP’s advocacy coupled with increasing global drivers of change2-3 and momentum generated within the

National Department of Health (NDoH) culminated in the publication of South Africa’s Antimicrobial

Resistance National Strategy Framework 2014–24 in October 2014, at a Ministerial AMR Summit.4

2. Leung E, Weil DE, Raviglione M, Nakatani H on behalf of the World Health Organization World Health Day Antimicrobial Resistance Technical Working Group. The 

WHO policy package to combat antimicrobial resistance. Bulletin of the World Health Organization 2011; 89: 390–392. doi: 10.2471/BLT.11.088435.

3. WHO. Antimicrobial resistance: global report on surveillance 2014. World Health Organization, Geneva; 2014. 

http://www.who.int/drugresistance/documents/surveillancereport/en/ (accessed Aug 15, 2021).

WHO. Global Worldwide country situation analysis: response to antimicrobial resistance. April 2015. World Health Organization, Geneva; 2015.  

http://apps.who.int/iris/bitstream/10665/163468/1/9789241564946_eng.pdf (accessed Aug 15, 2021).

4.     Antimicrobial resistance. National Strategy Framework 2014-2024. 2015. http://www.health.gov.za/index.php/antimicrobial-resistance (accessed Aug 15, 2021).

http://www.who.int/drugresistance/documents/surveillancereport/en/
http://apps.who.int/iris/bitstream/10665/163468/1/9789241564946_eng.pdf
http://www.health.gov.za/index.php/antimicrobial-resistance


Prevention and Containment of AMR

Antimicrobial Stewardship



Guidelines on the implementation of AMR



Antimicrobial 
Stewardship

Enhance 
Surveillance

Prevention including 
Infection Prevention 

and Control and 
vaccination

Antimicrobial Resistance Governance

Education and Communication/Public awareness

Impact: Rational Antimicrobial use 
and improved patient outcomes

5National Department of Health, South Africa. Antimicrobial resistance. National Strategy Framework 2014-2024. 2015. 
http://www.health.gov.za/index.php/antimicrobial-resistance (accessed Feb 15, 2017).

http://www.health.gov.za/index.php/antimicrobial-resistance




PPS of Antimicrobial Utilisation in SA





Call to Action





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

RSA AMR plan



Academia

Military

Professional
Societies & 
Bodies

Private Hospital
groups

Laboratory
Networks

Intersectoral Ministerial Advisory Committee

Civil Society
& key NGOs



Which way to go for new frontiers















The Team..

Schellack N et al; SASOCP AMS Position Statement – South African Journal of Infectious Diseases; 2018;33;1 (4)



Brink et al. J Antimicrob Chemother 2016;106:947-948



The Nurse





AMS in the community



Antibiotics Antibiotic resistance Antibiotic stewardship Infection Infection prevention Bacteria Microorganisms Superbugs

IsiZulu Amapilisi uguli Amagerms amagerms mbungulu

Amacqiwane Cwecwa Umkhambathi Ukuqula Imvikelo yukugula Ukuncola ukuncola

Amaphilisi iciwane amaphilisi wokuvikela 

iciwane

Emajemisi

Umjovo Ukungasebenzi komjovo 

ongamaphilisi

ukukundisa ngomjovo wama 

philisi

Amagciwane ukuvikela amagciwane Amagciwane Amagciwane Amagciwane 

amakhulu

Amaphilisi Isifo Igciwane Imbungulu

Amaphilisi Imikuhlane

Sepedi Depilisi

Thibela bolwetsi Phetelo Thibela petelo kokwana thloko

Philisi Bolwetsi Kokwana thloko

Dihlare Pheteletso go thibela malwetsi

Di ukubatsi Thibela bolwetsi

Bolwetsi Thibela malwetsi

Dihlare go fetelwa go thibela go fetelwa Ditshila

Fitelello Ditlamorago Twatsi Tlakatlakano ya di lelo

Kokwane tibela malwetsi

Tshwaetso ya malwetsi Thibela malwetsi Mogare wa bolwetse

Sesotho Dipilisi bolwetsi Dichila

Tshwaetso Thibela tshwaetso Kokwana

Dipilisi kokwana thloko

Tshiwahetsano Ho thibela tshwanetsano Kokwana hloko

Anti-biotics Infection Bacteria

isiNdebele Mshoga ukungabheregi kwe shlahla Indruga Isivhikhela bolwlao Ndonga Bolwelwe

kwemithi elwa nama  

gciwane

ukumelana namagciwane ubuphathi bama antibiotic Ukuvikela ukutheleleka Amagciwane Silwanyana

isiXhosa Amapilisi wokhugeza igazi

SiSwati Ukumelana nemithi elwa 

namagciwane

Ukwangamela ama-antibiotic Ukutheleleka ukuvimbela 

ukutheleleka

amagciwane ama micro organisms ama-superbug Ukumelana nemithi

elwa namagciwane







Roles of diagnostic and antimicrobial stewardship 

in the implementation of rapid molecular tests

Messacar et al. J Clin Microbiol 55:715–723



Key diagnostic stewardship considerations for implementation of rapid 

molecular tests

Messacar et al. J Clin Microbiol 2017;55:715–723



Key antimicrobial stewardship considerations for 

implementation of rapid molecular tests

Messacar et al. J Clin Microbiol 55:715–723



Trends for improved dosing

Principal trends for optimised dosing from in vitro and 
animal in vivo data to define PK/PD relationships

THEN from PK/PD modelling and simulation papers to 
describe the dosing that best achieves those indices

Understanding altered PK is key

Knowledge of bacterial susceptibility (PD) key







Pharmacokinetics vs altered 

physiology

Hepatic dysfunction: (↓CYP 

from hypoxia or sepsis, ↓ blood 
flow and ↓ plasma protein binding

Respiratory failure: respiratory 

acidosis/alkalosis, hypoxemia, 
mechanical ventilation

Muscle disorders: ↓ muscle 

mass, renal failure from rhabdo

General trauma:  AAG and 

cytokines affect PB and metabolism

Endothelial failure: ↑TBW and 

altered protein levels

Endocrine dysfunction: stress 

response, adrenal-; thyroid-; or 
pancreatic dysfunction

Cardiovascular failure: 
↓enteral absorption, ↓ hepatic and 
renal perfusion, fluid retention and 

metabolic acidosis

Renal failure:       altered drug 

excretion, fluid retention, acid/base 
disturbance, renal replacement 

therapy

CNS dysfunction: altered 

ventilation, coadministration of 
antiepileptic drugs, autonomic 

disturbance

Gastrointestinal failure: loss of 

enteral route of administration, altered 
pH of enteral secretions, abnormal diet



Moving towards the individual



• We need more hands on deck enabling Antimicrobial stewardship programs to 

get more and more attention

• Regardless of generalist vs. specialist practice model, multiple interventions will 

work

▪ Ideally, best results use specialists and generalists working together

• Use a ASP checklist and multidisciplinary approach to assure success

• The highest levels of government have shined the spotlight on ASP - this will 

affect boots on the ground 

• Use the practice model that works best for you to get best results

• Get the best use of your ASP by engaging in a multidisciplinary approach

Let’s start wrapping this up!
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