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Errors in manufacture of ‘SP’ antimalarial –
led to malaria epidemic in Pakistan 

Leslie et al. 2009 





The Lahore disaster
2011-2012

125 cardiology patients died in Lahore with bone 
marrow failure after taking ‘isosorbide mononitrate 
20mg’

However, it contained an excessive dose of the 
antimalarial pyrimethamine, resulting in fatal bone 
marrow suppression

Probably a gross factory error (i.e. substandard) 
but was it criminal negligence ? 



•Diazepam … haloperidol
•Over 900 patients
•Acute dystonic reactions



Fake ceftazidime 
(containing 
streptomycin), flu 
vaccine, rabies 
vaccine, ‘insecticide-
treated’ bednets, HIV 
tests…………….. 

Non-communicable diseases: 

Poor quality paracetamol syrup, blood pressure medicines, 
anti-cholesterol medicines, condoms, oral contraceptive pills, 

diabetes test strips, cardiac stents, emergency pills, oral 
antidiabetics, anti-cancer medicines, heparins…..



Scientific literature

8

1980: 5 publications 
per year

2005: 60 publications 
per year

2016 : 351 publications 
per year
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Pharmaceutical Security Institute



Epidemiology of Poor Quality Medicines
(PQM)

Many questions…few answers

What are we talking about?

How common are PQM? Who is affected?

Geographical distribution?

Significance for patients and public health?

Determinants?

Impact of interventions?

…..



Sources of information
WHO rapid alert
WHO – reports
United States Pharmacopeia Database
Scientific literature, AJTMH press release; 2015
E‐drug, E‐med
Quamed
Pharmaceutical Security Institute
Securing Industry
WWARN/IDDO
Partnership For Safe Medicines – USA, India, China
EDQM – European Directorate for the Quality of Medicines

…..



Sources of information
Newspapers



Sources of information
Medicines Regulatory Authorities



Pharmacovigilance and PQM
Uppsala Monitoring Centre, WHO
• Vigibase assessment
• Retrospective study
• Limited potential of the database to detect

signals to PQM

Establishing close links between national pharmacovigilance 
centers, medicine analysis laboratories and pharmaceutical
inspectorate ‐‐‐‐˃ Ensuring rapid responses to suspected PQM



How common are PQM?
Estimation ‐ 2006
Globally 10% of medicines = PQM

˂1% in most developed countries

10‐30% in many developing countries

≥ 50% of medicines purchased over Internet from sites 
that conceal their actual physical address

Changes through time and space



Evaluating the scale of PQM 
Challenges
•Diverse methodologies
◦ Sampling strategies
◦ Definitions and terminology
◦ Covert vs Overt collection

•Small sample sizes





Evaluating the scale of PQM 
Challenges
•Diverse methodologies
◦ Sampling strategies
◦ Definitions and terminology
◦ Covert vs Overt collection

•Small sample sizes

•MEDQUARG rarely followed

Different thresholds to determine quality
◦ Techniques and assays
◦ Pharmacopeia followed



Understanding the epidemiology of 
PQM 
Poor quality antimalarials

•Systematic review of reports publicly available in 
English, French, Spanish

•Between 1946 and 2013



Reports by type and year



Reports by sampling type



Antimalarial quality
N=9,348

•30.1 % of medicines failed at least one 
chemical/packaging quality tests
◦ Oral artesunate ++



Geography of AM quality

http://www.wwarn.org/aqsurveyor/#0

53% of malaria‐endemic countries have no publicly available
data (2016)



Kelesidis, Falagas
Clin Microb Rev 2015



Kelesidis, Falagas Clin Microb Rev 2015

Geographical distribution



Epidemiology of Poor Quality Medicines
(PQM)
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Determinants?
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…..



Estimated number of deaths 
associated with PQ antimalarials

Renschler et al. , ASTMH, 2015

Estimation of the number of ˂5 deaths in 39 Sub‐Sahara 
African countries:

N° private sectors AM consumed * % PQ antimalarials in private sector
*case fatality rate of ˂5 malaria+ children who consumed PQ AM

Median number of ˂5 deaths in 39 countries = 122,350



Charcoal           Juglans pollen  House dust mite

WHO teamed with Interpol, CDC, Georgia Tech, GNS Science, USP, 
TGA (Australia) & University of Oxford to try to find evidence as to 
where the fakes were coming from………….

Where do PQM come from?



Valid batch 
numbers, 
stickers, 
multiple 
wrong AIs, 
calcite 

Invalid batch 
numbers, 
holograms, 
subtherapeutic 
artesunate

Seized 24,000 of 
240,000 
blisterpacks 
traded by those 
arrested

Chinese police acted quickly when Secretary General of INTERPOL 
notified Chinese Government. Three traders arrested in China and 3 in 

Burma



Factors encouraging PQM
•High prices of medicines
•Demand exceeding supply
•Lack of appropriate drug legislation – weak enforcement
and penal sanctions
•Complexity of supply chain
•Cost and time of testing medicine quality
•Limited regulation of international trading
•Political will – Corruption/conflict of interest
•Lack of awareness by the population
•Inefficient cooperation between stakeholders



Pre‐qualified quality control laboratories

Bassat et al. Mal J 2016



Factors encouraging PQM
Internet

Prescrire



2012

Lack of communication



Investigating changes in quality of 
medicines
Case‐study: Lao PDR, antimalarials

•Repeated survey 2003 and 2012
•Random surveys, covert
•No evidence for falsification in 2012 vs 88% in 
2003
•Substandard still common
• 25.4% outside the 90‐110% pharmacopeial limits



Medicine quality
sampling
METHODOLOGICAL CONSIDERATIONS



Guidelines to conduct MQ  surveys

•USP, 2006

•UN United Nations Office on Drugs and Crime, 2009

•WHO, 2005, 2016

•MEDQUARG checklist, PLoS Medicine, 2009



Study design
The importance of methodology

◦ Accuracy

◦ Precision

◦ Reliability

◦ Generalizability



Steps to conduct MQ surveys



Initial Planning‐Objective
•What is already known?

•What medicines should be targeted and why?

•Well‐defined objectives
• Are there PQM?
• What is the proportion‐‐ of PQM?of outlets selling PQM?
• Changes over time?
• ….

•Definitions of Poor Quality, Falsified, Substandard
•How do medicines reach patients?



•Well‐defined time frame and resources
available
•Where to sample?
•When to sample?
•Defining sampling unit: outlets/medicines
•Are there PQM?
•What is the prevalence?

Initial Planning‐Objective



Sampling plan – different
strategies
•Convenience
•Random
•LQAS
•Sentinel



Methodology: sampling plan



Methodology: sampling plan
Convenience



Random sampling

Methodology: sampling plan



Random sampling
Example

• Random sampling

•Stratification urban/rural 
district

•Private sector
•Mystery shopper methodology

•Antimalarials bought in 76.4% 
(110) outlets



Methodology: sampling plan
Convenience Randomized

Advantages ‐Simple
‐Relatively inexpensive
‐Do not require complete lists
of outlets in a define area
‐May provide a signal

‐With sufficient sample size=reliable
estimates with confidence intervals
‐Evaluation of interventions are valid
Comparison of estimates through
time

Disadvantages ‐Prone to bias
‐Depending on collector’s
choice
‐Prevalence estimates cannot
be generalized to other areas

‐Large sample size needed = 
additional costs in labour and time
‐Require comprehensive lists of 
outlets



Lot quality assurance sampling
strategy (LQAS)
• To determine whether the prevalence of outlets
selling PQM exceeds a certain threshold within an 
area (‘lot’)

•Most economical as a first step

• Level of risk of non inspecting each item
• Risk of accepting a ‘bad’ lot = consumer risk
• Risk of non‐accepting a ‘good lot’ = provider risk

• Accept or reject an entire lot after inspecting a 
randomly selected sample



LQAS
Advantages
• Requires smaller sample size= reduces time and costs
NB: sampling can stop once the number of outlets with
PQM is exceeded
• Useful in routine surveillances
• Changes through time
• To decide whether larger‐scale surveys are required
• Information translatable into policy
Disadvantages
• Requires random sampling
•No estimate of exact prevalence of PQM



LQAS
Saudi Arabia example

• Objective: % pharmacies (according to the 
category of pharmacy) selling PQ amoxicillin

• Lot = category of pharmacy (independent or chain)
• Upper and lower rate threshold predefined as 20% 
and 5%

• Consumer and provider risks predefined at 0.05 
and 0.10

• N° of randomly selected pharmacies in each lot: 36
• Sale of PQM in ˃ 3 pharmacies within a ‘lot’ 
implied a prevalence of ˃ 20%



Sentinel Site Monitoring
Advantages
• Longitudinal changes can be
followed through time

Disadvantages
• Outlet staff may realize that they are 
being sampled and change their
behaviour accordingly



Sample collection 
Overt vs mystery shopper

Overt Mystery shopper

Main points Identity and purpose of the buyer
is known by the establishment

Identity and purpose of the buyer
is unknown by the establishment
Nationals of the country

Advantages ‐Only possible method in some
circumstances (e.g. public 
establishment)
‐More info on the medicines
(structures questionnaire)

‐Seller behavior not under
influence
‐To measure real‐life quality of 
service, compliance with the 
regulation

Disadvantages ‐Influence what medicines are 
offered for sale

‐If too many units are requested = 
suspicions
‐Expired medicines more likely to 
be sold
‐Info on medicines limited, 
debriefing forms



Other considerations
•SOP are important
◦ Storage and transport of medicines
◦ Labelling

•Number of samples to collect
•30 units per batch?
• Enough for a fair battery of tests
• Too many units asked = suspicions from the seller
• Not enough units in the oultet….



Reporting the results
Public Health first!

Dissemination of findings in a 
Timely manner for administrative 

and/or enforcement actions

National competent authorities, WHO rapid alert
system, public domain

Pharmaceutical companies concerned



Conclusion
Robust evidence ‐ transparency ‐ consistency

◦ Conditioned by good quality methodology

‐‐ contribute to future interventions
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