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How to prevent the development of 
catastrophic antibiotic resistance in 
developing countries? 
 

Or is it already catastrophic...?  

Heiman Wertheim MD PhD 
ECCMID 2013 

Vietnam 
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Vietnam: 
Situation analysis 
report released in  
January 2011 
 
Available at: 
www.cddep.org/publications/ 
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This talk 

• What is catastrophic antibiotic resistance? 
 

• Are we there yet? 
–If so, can we reverse or improve the situation? 

 
 

• Note:  
–The issue is global and not just in developing countries 
–I cover only bacterial antibiotic resistance (not TB) 
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Even developed countries are still developing 
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Catastrophic (Oxford dictionary) 

• Adj.   
–Involving or causing sudden great damage or suffering (a 
catastrophic earthquake) 

–Extremely unfortunate or unsuccessful (catastrophic 
mismanagement of the economy) 

–Involving a sudden and large-scale alteration in state 
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A catastrophic ICU patient in Asia 
• Hospital-acquired pneumonia with 

multi-resistant GNB 
 

• Treatment would be colistin 
 

• Colistin not always readily available 
for human use in Asia 
 

• Patient died 
 

• Colistin available for agricultural use 
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A good mix for a catastrophe… 

ANTIBIOTICS 
+  

RESISTANCE GENES 
+  

MOBILE GENETIC ELEMENTS 
+ 

BACTERIAL PATHOGENS 
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Resistance is old and abound 

DaCosta, Nature 2011 
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And resistance genes are easily shared 

Smillie, Nature 2011 
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Resistance genes are shared in various  
environments with(out) AB pressure 
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Places of resistance gene exchange 
 

Wellington, Lancet Inf Dis 2013 
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Increase in soil 
resistance genes 
since 1940 
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Antibiotic environmental contamination India 

Kristiansson, PLOS ONE 2011 
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Higher AB in water is associated with 
more resistance plasmids… 

Resistance gene abundance ~ antibiotic  
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A call for other types of surveillance: 
genes and antibiotics 

• Antibiotics should be considered to be a pollutant and monitored 
• Mobile antimicrobial resistance genes should be considered as 

unwanted invasive genetic material 
• A need for standardized resistance gene surveillance and their 

mobile genetic elements 
• However we still need to learn how resistance gene dynamics 

translate into public health measures 
–E.g. When should we remove resistance genes form 
environment? Where? How? At what cost? 

• Important role for modelers 
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Techniques for gene removal are 
being investigated 
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Source: ReAct 

Addressing resistance 
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Antibiotic use in Asia? 

•What is the current AB use for Asia? 
 

•And what would be acceptable? 

•High populations density in Asia will 
result in high environmental AB 
pressure. 
 

•Same is true for livestock 

Population density 

Antibiotic use – outpatient  (DDD/1000/year 
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Hospitals 

Health stations 

Pharmacies in  
Community Vietnam 

C ommunity:  key s ourc e of antibiotic  us e 

 
          38,916 retail drug outlets 
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Source: GARP 

Increase wealth ~ increase antibiotic use 

But uncontrolled 
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High inappropriate usage in 
communities for ARI 
 
I had a cough and received 3 types of 
drugs, including antibiotics…  
 
No prescription (despite law) 
 
I did not take any drug and got better! 
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• High out-of-pocket health expenditure – up to 60% 
–Self-medication is cheaper and quick 

• Despite regulation, AB dispensed without prescription 
–No enforcement 

• Financial incentives  
• Lack of knowledge 
• Lack of time doctor 
• Lack of good (rapid) diagnostics 

 
 
 

Important drivers of AB use 
resource constrained settings 
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Treatment guidelines 

• Most treatment guidelines outdated 
• Recommendations for AB do not match current resistance 

data 
• Guidelines use ‘Western’ data, not other regions 
• Need to take in account local epidemiology 

–S. suis common cause meningitis in SE Asia 
–K. pneumoniae common in severe pneumonia 
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Asia loves antibiotics too much? 
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No Antibiotic  
Use 38% 

AB use children during one month 

Antibiotic  
Use 62% 

Ampicilline or  
Amoxicillin 49% 

Macrolides 3% 

Trimetoprim/ 
Sulpha 11% 

Cephalosporins 
27% 

Other 3% 

Source antibiotics: 
Self treatment 16% 
Drug store  30% 
Private clinic  24% 
Public clinic  31% Source: 

QH Nguyen 2010 
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Urban   Rural   

n  %  n  %  

Total transactions  2083 100 870 100 

Buying antibiotics  499 24.0 257 29.5 

     With prescription  60 12.0 23 8.9 

  Comply with prescription  49 81.7 18 78.3 

 Not comply with prescription  11 18.3 5 21.7 

      Without prescription   439 88.0 234 91.1 

Client made decision  218 49.7 66 28.2 

Drug seller made decision  221 50.3 168 71.8 

Antibiotic dispensing in private Vietnamese 
pharmacies 
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Conclusions pharmacy study 

• 90% of antibiotics sold have no prescription 
• Dispensed by inexperienced staff 
• 25% of sales is AB sales 
• Rural pharmacies sell more domestic drugs 

 
• High AB demand from buyer -> community education 
• Strong incentive for AB dispensing -> room for intervention 

 
• Note: domestic antibiotics are often produced by companies in 

which the government is stakeholder. 
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Education - behaviour 
Pulcini, Virulence 2013 
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Antibiotics Smart Use:  
An initiative from Thailand 

Objective: 
• Reduce antibiotics prescriptions in three common 

diseases: 
 
• Upper respiratory tract infection (URI) e.g., 

common cold with/without sore throat 
• Acute diarrhea 
• Simple wound 
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-Tools for health 
professionals: (to 
educate, to adjust 
attitudes, and to 
increase self-efficacy)  
-Tools for patients: 
(to reduce expectation 
of receiving antibiotics) 
- Other measures: 
Pay-for-service 
criteria, provincial 
policy, positive 
competition 

Step 5 Administrative 
and policy assessment 

Step 4  Educational and 
ecological assessment 

Phase 3 Behavioral & 
environment 
assessment 

Step 2 
Epidemiological 

assessment 

Step 1
 

Social 
diagnosis 

Predisposing factors: 
Knowledge, beliefs, attitudes, 

self-efficacy 

Reinforcing factors: 
Patient’s expectation, Peer 
pressure, drug promotion 

Enabling factors: Hospital 
formulary, substitute drugs 

(e.g., herbal drug) and medical 
equipment 

Prescribing 
behavior 

Hospital 
context 

Patient 
health 

Quality 
of life  

Step 9: Outcome evaluation Step 8 Impact evaluation 

Step 6 
Implementation 

Step 7 Process evaluation 

- Cause prioritization by importance 
and changeability 
- Selected causes:  
(1)knowledge, belief, and self-efficacy 
of health professionals (on disease, 
treatment, and communication with 
patients)
 

 
(2)Patients’ request of antibiotics 

Indicator 1: Change in 
knowledge, attitude, 
self-efficacy, and 
intention 

Indicator
 

2: Change in amount 
of antibiotics being prescribed 
Indicator 3: Change in percent 
of targeted patients who were 
not prescribed with antibiotics 

Indicator
 

4: Patients’ 
perception of health and 
satisfaction (without 
antibiotics prescription) 

Need assessment – To understand the 
situation on medication use problems in 
both national and local contexts. At 
the local context, participation with 
local team is crucial to understand the 
local situation/environment including 
possible causes of problems, 
stakeholders, etc.. 

Analysis of resources, 
administrative 
procedures and 
organization 
 
Planning (goal, 
intervention design, 
evaluation) 

Start with a 
training 
 
Follow by 
stimulating & 
reminding to 
comply with
 

the ASU plan
 
 
as mentioned 
in step 5) 

PRECEDE-PROCEED Planning Model: ASU 

To evaluate if ASU was implemented 
-
 

whether tools were used 
-
 

whether target group expose to 
media/ messages 
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Antibiotics 
Reclassification 

ASU Strategy 1:  
Policy advocacy 

Research to support 
policy development
 

& 
social mobilization
 

 

Hospital accreditation & Pay-
for-performance criteria about 
quality use of antibiotics 

Medical council,  
Infectious disease Association, 
Thailand Medical consortium 

Medical lawsuit 
preventive communication 

Drug store 

Clinic 

   
care hospital 

Private hospital 

Community 
hospital
 

& 1
 

care health 
center 

BKK health 
center 

Teaching
 

hospital Med school 
Pharmacy 
school Nursing  

school 

ASU  strategy 3 
Public Education 

& campaign 

Patient, 
People 

paraprofessional 
 

 
 
 
 

Health volunteer, 
community leader, 

teacher, local scholar, 
celebrity,  religion 

leader 

RUD Subcommittee (under the National 
Drug Committee
 

 

Committees of National Antimicrobial 
Resistance Surveillance Center (NARST) 

ASU Strategy 2 
Network  

empowerment 

RUD Strategy (under National Health 
Assembly)  

Pharmacist, Nurse, 
Public health worker 

Physician 

Drug company 

A national agenda will receive political and 
government support.  All Ministries will allocate 
budget to operate on this issue.  

National agenda of  
rational use of medicines 

 
 
 

Goal I:   
National agenda on antibiotic 

Pharmaceutical industry  
Curriculum +  

Continuing education 

Farmer 

Farming 
technicians 

Veterinarian 
Vet drug 
company 

 
 

Farming school
 

 

Vet school 
 
 

Vet clinic
 

 Vet hosp 

Vet drug 
store

 
 

Farm 

A
ni

ma
ls

 

ReAct 
Goal: Developing social mobilization 
and collaborative campaign among 
SE countries. 

WHO/SEARO 
Goal: Develop SEA regional strategy 
on ABO resistance 

INRUD: International Network for 
Rational Use of Drugs 
ANSORP: Asian Network for 
Surveillance  of Resistance Pathogens 

H
uman 

School 

University 

An individual is eligible to a specific healthcare plan 
depending his/her career (government, private sector, 

or unemployed)     

Types and characteristics of animals ??? 

Goal II: A social norm for rational use of antibiotics 

ASU @ March 9, 2010 by Nithima Sumpradit 

Communication 
for policy advocacy 

Targeted 
Activities  

Supportive 
activities 

War zone 

Counteract unethical drug promotion 
strategy (National Health Assembly)  

APEIR: Asian Partnership on Emerging 
Infectious Disease Research  

ESCMID Online Lectu
re Library 

© by a
uthor 



 Can CRP or other POC tests help? 

Cals, Ann Fam Med, 2010 
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CRP POC test trial Vietnam 

• RCT for non-severe acute respiratory infections 
• Age > 5 years 
• Sample size: 2000 
• Ethical approval recently obtained 
• Enrollment expected to start in 2 months 
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Antibiotic development mismatch 
• Has been focused on gram- positive bacteria like MRSA and VRE 
• The problem now is Gram-negative bacilli 

lipopeptide 

polymyxins 

ESCMID Online Lectu
re Library 

© by a
uthor 



Gram-negative resistance on the rise 
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Carbapenem resistant Gram-negative 

infections (NDM-1): a wake up call 
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Need to use more the ‘old and forgotten’ 
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Need better access to ‘old and forgotten’ abx 
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If access: need to use well. 
Results colistin survey 

ESCMID Online Lectu
re Library 

© by a
uthor 



Antibiotic solutions 

• Prudent use through education – incentives 
• Drug development: 

–Gram-negative focus 
–New targets: eg plasmid replication 
–Biodegradable 
 

• In mean time: make the old antibiotics available with clear 
guidance on when and how to use in multiple languages 

• Open source treatment guidelines that can be easily adapted 
locally ESCMID Online Lectu

re Library 
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Need for global ONE HEALTH stewardship 

• So far very hospital focused and developed countries 
• Antibiotic stewardship should be considered as standard of care 

and part of hospital accreditation 
• Needs to include the world of animals, plants, water and so on… 
• Need to prioritize and be pragmatic (eg Chennai declaration, India) 
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Solutions and Barriers 

ANTIMICROBIAL 
RESISTANCE Community Hospitals 

Infection 
control 

Laboratories 

Antibiotic 
use 

Sanitation/cl
ean water 

Diagnostics 

Self-
medication 

Education Incentives Infrastructure Policy Enforcement 
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VINARES objectives: 

• To improve antibiotic stewardship by: 
–Surveillance of hospital acquired infections 
–Surveillance of antibiotic resistance 
–Surveillance of antibiotic use 
–Develop antibiotic stewardship program 
–Develop treatment guidelines 
–Share information and best practices through website, 
guidelines, meetings, workshops 
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Challenges in Infection Control 

Foto by Erika Vlieghe 

This bed is empty but in Asia often 
>1 patient per bed 
 
Resistance generally unknown 
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Control antibiotic use in animals… 
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Most antibiotic use is in agriculture: 
animal stewardship = ONE HEALTH 

And not to forget fish/shrimp farms... 
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Countries that perform well for humans may 
not do well for animals 

Torre, 2012 
Sci Total Envir 
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Hu, Environm Pollut 2010 

Antibiotic residue in vegetables in China 
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Antibiotics should be considered pollutants and environmental levels 
need to be monitored and stay below a certain threshhold. 
 
Make antibiotics biodegradable 
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antibiotic 

Bacterial 
infection 

patient 

dispenser 

prescriber demand 
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Decision 
making 

Improve housing, sanitation, clean water 
Food safety 

Hospital infection control 
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ublic 

cam
paigns 

Vaccination 

D
ia

gn
os

tic
 m

ea
ns

/P
oC

 te
st

s 
L

oc
al

ly
 a

da
pt

ed
  g

ui
de

lin
es

 
(p

os
tg

ra
du

at
e)

 e
du

ca
tio

n 
P

re
sc

rip
tio

 n
 a

ud
it 

an
d 

fe
ed

ba
ck

 

Legislation/regulation 
Essential drug list 
Drug restriction 

Drug quality control 
(Postgraduate) education 

Bacterial 
resistance 
surveillance 

Antibiotic 
usage 
surveillance 

Universal 
health 
coverage 

R & D  
Antibiotic discovery 
pipeline 

Non-human 
antibiotic usage 
surveillance & 
restriction 

Dosing & 
duration  
studies 

Advocacy by 
health care 

k  

‘Universal’ 
interventions to 
contain AB 
resistance. 
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Go national is the right approach 
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Some thoughts 

• Resistance is a given, but has not helped to attract proper attention: Start 
a resistance death registry? 

• Communicating information on resistance to policymakers and lay public 
–Easier in case of HIV, TB and malaria when single pathogens are involved 

• Besides bacterial surveillance also do standardized resistance gene and 
their mobile genetic elements surveillance for early warning 

• Control and monitor antibiotic levels in environment 
• Infection control needs an update 
• Complex issue: analysis through modeling may help target interventions 
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A delicate balance 

Antibiotic effectiveness is a valuable natural resource, like clean water or forests.  
 
All antibiotic use, appropriate or not, ‘uses up’ some of the effectiveness.  
 
But antibiotics are also lifesavers and we need access to them. ESCMID Online Lectu
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From carbon emissions trading to 
antibiotic emissions trading  

• Resistance issue is similar to pollution. 
• Solution possibly in environmental economics 
• Fees/taxes/trading in antibiotic emissions into environment 
• Revenue can be used to sponsor a global antibiotic 

resistance institute that supports worldwide initiatives 
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Time for bold ideas,  
broad approach - ONE HEALTH,  
leadership… 
 
 

…and big funds 
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The future king of the Netherlands in Vietnam 
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