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ABSTRACT
Objective: Drug counterfeiting has serious public
health and safety implications. The objective of this
study was to systematically review the evidence on the
effectiveness of interventions to combat or prevent
drug counterfeiting.
Data sources: We searched multiple electronic
databases and the grey literature up to March 2014.
Two reviewers completed, in duplicate and
independently, the study selection, data abstraction and
risk of bias assessment.
Study eligibility criteria, participants and
interventions: We included randomised trials,
non-randomised studies, and case studies examining
any intervention at the health system-level to combat
or prevent drug counterfeiting. Outcomes of interest
included changes in failure rates of tested drugs and
changes in prevalence of counterfeit medicines. We
excluded studies that focused exclusively on
substandard, degraded or expired drugs, or that
focused on medication errors.
Appraisal and synthesis: We assessed the risk of
bias in each included study. We reported the results
narratively and, where applicable, we conducted meta-
analyses.
Results: We included 21 studies representing 25 units
of analysis. Overall, we found low quality evidence
suggesting positive effects of drug registration
(OR=0.23; 95% CI 0.08 to 0.67), and WHO-
prequalification of drugs (OR=0.06; 95% CI 0.01 to
0.35) in reducing the prevalence of counterfeit and
substandard drugs. Low quality evidence suggests that
licensing of drug outlets is probably ineffective
(OR=0.66; 95% CI 0.41 to 1.05). For multifaceted
interventions (including a mix of regulations, training
of inspectors, public-private collaborations and legal
actions), low quality evidence suggest they may be
effective. The single RCT provided moderate quality
evidence of no effect of ‘two extra inspections’ in
improving drug quality.
Conclusions: Policymakers and stakeholders would
benefit from registration and WHO-prequalification of
drugs and may also consider multifaceted
interventions. Future effectiveness studies should
address the methodological limitations of the available
evidence.
Trial registration number: PROSPERO
CRD42014009269.

INTRODUCTION
Drug counterfeiting is widespread and
affects developing as well as developed coun-
tries.1 2 It is believed that up to 10% of all
medicines sold worldwide are counterfeit,
with higher prevalence in regions where
drug regulatory and enforcement systems are
weakest.3 4 Estimates suggest that counter-
feited drugs can account for over 30% of all
drugs in parts of Africa, Asia and the Middle
East, in contrast to less than 1% in the USA
and Western Europe.4–6

There is still no consensus over what con-
stitutes a counterfeited medicine.1 7 The
WHO defined counterfeit medicines as those
which have been deliberately and fraudu-
lently mislabelled with respect to identity
and/or source; counterfeit medicines may
include medicines with the correct ingredi-
ents or with the wrong ingredients, without
active ingredients, with insufficient active
ingredients or with fake packaging.2 Under
the Trade-Related Aspects of Intellectual
Property Rights (TRIPS) Agreement, coun-
terfeiting refers to the deliberate infringe-
ment of trademark on a commercial scale.7 8

This definition, however, diverts attention
from the serious public health implications
of poor-quality drugs.8 9 Thus, the term ‘falsi-
fied’ is increasingly being used as a synonym
for counterfeit drugs to avoid the controversy
over Intellectual Property issues.9

Strengths and limitations of this study

▪ This is the first systematic review assessing the
effectiveness of interventions to combat or
prevent drug counterfeiting.

▪ The systematic review responds to a policy-
relevant priority identified by policymakers and
stakeholders from several low-income and
middle-income countries.

▪ We searched multiple databases and included
published as well as grey literature.

▪ Most of the included studies were observational
in nature.
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Counterfeit and substandard drugs have often been
conflated,9 with the latter referring to genuine medi-
cines that have failed to meet the quality specifications
set by national pharmacopoeia standards.2 In 2011, the
WHO member states incorporated counterfeit and sub-
standard medicines under the new term “substandard/
spurious/falsely-labelled/falsified/counterfeit medical
products” (SSFFC).10 This new term has recently been
queried as it is felt not to adequately differentiate
between the different illicit drug categories, which may
entail different solutions.11

Counterfeited drugs span the spectrum from lifestyle
drugs to lifesaving drugs.12 They can result in adverse
health outcomes and treatment failures, development of
drug resistance and decline in confidence in health
systems, all of which contribute to the burden of disease
and, subsequently, to excess morbidity and mortality.13

Indeed, significant deaths have been attributed to coun-
terfeited medications.13–15

A variety of interventions have been recommended to
combat the problem of drug counterfeiting. These
include: legal actions and regulations on illicit traders,
countermeasures using technologies, consumer education
and cooperation with enforcement agencies.16 17 The
need to identify effective anticounterfeiting strategies has
recently been raised as a main policy concern by policy-
makers from several low-income and middle-income coun-
tries including the Eastern Mediterranean Region.18 As a
response, the Center for Systematic Review on Health
Policy and Systems Research (SPARK) held a stakeholder
meeting in Lebanon on January 2014 with 14 policy-
makers and stakeholders, including representatives from
the Ministry of Public Health, Order of Pharmacy, order of
physicians and practicing pharmacists. The members were
engaged in framing the review question for the current sys-
tematic review.
The objective of this study was to systematically review

the evidence on the effectiveness of interventions imple-
mented to combat or prevent drug counterfeiting, par-
ticularly in low-income and middle-income countries,
given its high priority and prevalence. We could not

identify any systematic review in the literature that exam-
ined the effectiveness of interventions to combat drug
counterfeiting. Thus, the findings can help inform
policy-decisions regarding the type of interventions to
implement, given their contexts and available resources.

METHODS
We developed a conceptual framework for the different
anticounterfeiting strategies, informed by extensive review
of the literature. The framework guided us in refining the
review question and in developing the eligibility criteria.
For details, please refer to figure 1 in the results section.

Protocol and registration
We registered the review protocol in PROSPERO
International prospective register of systematic reviews.
The protocol can be accessed at http://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID=CRD42014009269.

Eligibility criteria
The eligibility criteria were:
Types of studies: Randomised trials, non-randomised

studies (eg, cohort studies, prospective studies, retro-
spective studies, cross-sectional studies, before and after
studies) and case studies. We excluded editorials, letters
to the editors, reflections, proposals, reviews and studies
published only in abstract format.
We considered published and unpublished studies.
Problem: Counterfeit/spurious/falsely-labelled/falsi-

fied/medicines.
We used the WHO’s definition for counterfeit medi-

cines, which includes medicines with the correct ingredi-
ents or with the wrong ingredients, without active
ingredients, with insufficient active ingredients or with
fake packaging drugs.2 19 While the primary focus of our
review is on counterfeit drugs, we included substandard
drugs only when the study did not differentiate between
the two or if it was unclear if the poor-quality medicine
was counterfeit or substandard. However, we excluded
studies that linked poor quality to degradation or

Figure 1 A framework for the different anticounterfeit drug strategies.
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expiration of drugs as these were beyond the scope of
counterfeit drugs as per the WHO’s definition. We also
excluded studies that focused exclusively on substandard
drugs and studies that focused on herbal medicines/
dietary supplements/cosmetics/food.
Types of interventions: We included any intervention

at the health system level to combat or prevent drug
counterfeiting (eg, anticounterfeit laws and legislations,
inspection and quality control, awareness campaigns,
technology). We excluded studies that focused on inter-
net/online drug counterfeiting. We also excluded
studies on the reliability of analytical techniques (eg,
high-performance liquid chromatography and UV-visible
spectrophotometry) and studies on interventions to
improve the medication administration process or
reduce medication errors.
Comparator/control: The comparator was the lack or

absence of intervention, either explicitly or implicitly
stated.
Type of outcome measures: Changes in failure rates of

tested drugs (failure refers to drugs not meeting the
minimum requirement for basic testing, quality control
lab testing, and/or packaging analysis), changes in the
prevalence of counterfeit/spurious/falsely-labelled/falsi-
fied/medicines, changes in quality of medicine, changes
in behaviour of consumers, seizures of counterfeit drugs
and closures of illegal outlets/warehouses/shops.
We did not exclude studies based on date of publica-

tion or setting. We excluded studies not published in
English, Arabic or French.

Literature search method
We searched the following electronic databases up to
March 2014: Medline, Pubmed, Embase, Cumulative
Index to Nursing & Allied Health Literature (CINAHL),
Global Health Library, Rx for change, Cochrane Central
Register of Controlled Trials (CENTRAL), Health Systems
Evidence, Cab Direct, Academic Search Complete, Google
Scholar, Mednar, GreylitNetwork and Opengrey.
The search combined various terms for counterfeit

drugs and included free text words as well as controlled
vocabulary terms such as MeSH (Medical Subject
Headings), in addition to various search options avail-
able for each resource. We did not use any search filter
for study type, language or date of publication. The
search strategy was validated by a medical librarian who
supports the work of the Center (see online
supplementary appendix 1).
We also searched relevant websites such as the WHO,

the Food and Drug Administration (FDA), the Center for
Disease Control (CDC) and the US Pharmacopeia (USP).
Also, we reviewed the reference lists of included studies
and contacted the authors of relevant articles for further
information or additional potentially relevant studies.

Selection process
Two reviewers screened the titles and abstracts of identi-
fied citations, in duplicate and independently, for

potential eligibility. All reviewers hold at least a Master’s
degree (with some having PhDs) in public health or
other health-related field and they have all been trained
in conducting systematic reviews.
We conducted a calibration exercise to ensure validity

of the selection process. We retrieved the full text for
studies judged as potentially eligible by at least one of
the two reviewers. Two reviewers screened the full texts
in duplicate and independently for eligibility. They used
a standardised and pilot tested screening form. They
resolved disagreements by discussion.

Data abstraction process
Two reviewers abstracted data from eligible studies in
duplicate and independently. They used a standardised
data abstraction form to collect data on study design,
definition, setting, drug type, intervention, comparison
group, outcomes evaluated, statistical and non-statistical
results, funding and reported conflicts of interests. They
resolved disagreements by discussion.

Risk of bias assessment
Two reviewers independently assessed the risk of bias.
They resolved disagreements by discussion. We used the
Cochrane Risk of Bias tool to assess the risk of bias in
randomised trials and a modified version of the
Cochrane Risk of Bias tool to assess the risk of bias in
non-randomised studies.20 We graded each potential
source of bias as low, high or unclear risk of bias.

Data analysis and synthesis
We calculated the κ statistic to assess the agreement
between the reviewers in judging full texts for eligibility.
We conducted meta-analyses, stratified by the type of
intervention. We calculated the unadjusted OR by enter-
ing the raw data in RevMan and planned a priori to
pool the results using a random-effects model. The
latter is recommended when heterogeneity between
studies is assumed, particularly among observational
studies.21 22 We tested the results for homogeneity across
studies using the I2 test and considered heterogeneity
present if I2 was greater than 50%. We also reported the
results narratively when the data were not reported in a
way to allow their inclusion in the meta-analysis.

RESULTS
The first two sections, respectively, provide an overview
of the search results and a description of included
studies, including their risk of biases. Afterwards the
effects of the interventions are specifically addressed.

Results of the search
Figure 2 shows the study flow. Of the 10 220 studies iden-
tified through database and website searches, 20 studies
met our inclusion criteria. One additional study was
identified through screening the reference lists of the
included studies. The 21 included studies represented
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25 units of analysis (3 studies examined more than one
type of strategy). We excluded 166 full texts (see online
supplementary appendix 2). The value of κ statistic for
full-text screening was 0.638, reflecting good agreement
between the reviewers.
Online supplementary tables S1 and S2 show the

characteristics of the included studies. The most
common study design was cross-sectional (14/21). There
were also five before–after studies, one retrospective
study and one case study. Among the 21 included
studies, we also identified 1 randomised trial that was
conducted in parallel and on the same study population
as 1 of the pre–post studies.23 Only one article was
reported in French language.24 Sixteen articles were pub-
lished in academic journals, three were reports from the
WHO and two were reports from the USP. All studies
were conducted in low-income and middle-income

countries. However, none was from the Eastern
Mediterranean Region.
Figure 1 shows the conceptual framework we devel-

oped for the different anticounterfeit interventions/
strategies. The shaded cells in the framework portray
areas where evidence about the intervention exists. We
could not establish whether evidence exists for counter-
feit drugs bought online as this was beyond the scope of
the review.
The 21 included studies examined various types of

interventions (table 1). In all included studies, except
the randomised trial, the comparator was the absence of
intervention or strategy (explicitly or implicitly stated).
For the randomised trial, two different levels of the
intervention were compared to each other and to the
absence of intervention. The types of outcomes
measured were: changes in failure rates of tested drugs

Figure 2 Flowchart for results of search strategy.
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Table 1 Key characteristics of the interventions included in the systematic review

Intervention Study design Characteristics

Laws and regulations (13 studies with 16 units of analysis)

Drug registration25–29 5 cross-sectional

studies

A form of regulation to ensure access to effective and safe

medicines. It involves assessments by relevant drug regulatory

authorities of manufacturers of all components of drugs to

ensure they are certified as meeting the international standards

for GMP before authorising the drug for sale.

WHO-prequalification of

drugs25 30 31
3 cross-sectional

studies

A service provided by the WHO to “facilitate access to

medicines that meet unified standards of quality, safety and

efficacy primarily for HIV/AIDS, malaria TB and reproductive

health”.31

Licensing of drug outlet25 28 32–37 8 cross-sectional

studies

This refers to the authorisation of pharmaceutical establishments

by drug regulatory authorities with the aim of ensuring that the

supply and sale of drugs are carried out by qualified personnel

on premises that meet regulatory requirements.

Technological innovations (1 study)

Product authentication

technology38
1 retrospective

study

This involved the deployment of six handheld laser (Raman)

spectrometers by the National Agency for Food and Drug

Administration and Control for immediate authentication of drugs

at the point of sale.

Awareness and communication (2 studies)

Increased public information24 1 cross-sectional

study

A public awareness campaign, mainly using TV and radio

announcements, to promote public awareness of the dangers of

counterfeit medicine from the illicit drug market. The campaign

was designed based on previous survey data collected to

evaluate the purchasing practices of consumers.

Local and international

collaboration39
1 case study An international cross-disciplinary model of interaction and

collaboration between WHO officials, physicians, pharmacists

and scientists, and the Interpol, to investigate the source of

counterfeit drugs in South East Asia.

Multifaceted interventions (5 studies with 6 units of analysis)

The PQM Program40–43 4 pre–post studies A mechanism for MQM funded by the USAID and implemented

by the USP. It is characterised by (1) early detection of

poor-quality medicines (substandard and counterfeit) using a

three-level testing approach of increasingly complex levels of

analysis, (2) collaborations with a country’s medicine regulatory

authorities and international partners, and (3) strengthening of

regulatory authorities’ capacities for enforcement of actions

based on field evidence.

Quality assurance system within

the NDPP23
1 pre–post study The system encompassed three main features: (1) development

of regulations, for example, improvement of drug registration

system and increased requirement for imported drugs, (2)

training of drug inspectors in good manufacturing and pharmacy

practice, and (3) implementation of legal actions, for example,

fines and product recall.

Regulatory intervention on private

pharmacy services23
1 randomised trial The regulatory interventions focused on improving the quality of

private pharmacy services. The regular intervention package

consisted of four high-quality annual inspections, sanctions for

any violation, distribution of regulation documents to the private

pharmacies and provision of information to the drug sellers

about particular areas needing improvement. The active

intervention package included these components, and was

actively promoted through intensified supervision and additional

training for the district drug inspectors.

GMP, good manufacturing practice; MQM, Medicine Quality Monitoring; NDPP, National Drug Policy Programme; USAID, US Agency for
International Development; USP, US Pharmacopeia; TB, tuberculosis.
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(19 studies); changes in prevalence of counterfeit drugs
(4 studies); confiscation of counterfeit drugs (2 studies);
closure of illegal outlets (2 studies); and changes in
behaviour of consumers (1 study). Some studies
reported more than one type of outcome. Most of the
studies used failure rates to measure changes in the
quality of medicines without distinguishing between
counterfeit and substandard drugs.

Risk of bias
Online supplementary tables S3 and S4, respectively,
show the assessments of the risk of bias for the observa-
tional studies and the single randomised trial. Online
supplementary figures S1 and S2 show the correspond-
ing risk of bias summary figures.

Effects of interventions
This section addresses the type and evidence for each
intervention separately. We present the results of single-
intervention studies in the order they appear in the
framework followed by the multifaceted intervention
studies that cut across the different elements in the
framework.

Registration
Five cross-sectional studies examined the association
between registration of medicines and changes in failure
rates, and prevalence of counterfeit drugs.25–29 We were
able to pool the results for four studies. The pooled
association estimate was OR=0.23 (95% CI 0.08 to 0.67),
with I2 of 88% (see online supplementary figure S3).
Of the four studies included in the meta-analysis, one

conducted statistical tests and found a statistically signifi-
cant association between drug registration and
decreased prevalence of counterfeit drugs (adjusted
OR=6.24, p<0.05, 95% CI 1.77 to 22.05).28 Only one
report found a higher failure rate among registered
medicines than unregistered medicines (30% vs 20%,
respectively).25 Segregation of the results for this study
by imported and local production status showed a
higher failure rate among locally registered medicines
than unregistered medicine (51% vs 18%, respectively),
with similar failure rates observed for imported medi-
cines (23% vs 26%, respectively). We did not include the
study by Bate et al,27 in the meta-analysis because it did
not report the statistical data required to calculate the
OR. The study found that drug registration remained
strongly correlated with drugs passing the most stringent

test even after adding city-fixed effects (ie, city-specific
regulation enforcements such as maximum penalty,
taxes and price regulations). The calculated marginal
effect was 0.489 (t=7.844, p<0.01).

WHO-prequalification of drugs
Three cross-sectional studies examined the association
between WHO-prequalification of drugs and changes in
failure rates.25 30 31 We pooled all three studies in a
meta-analysis. The overall result showed a statistically sig-
nificant association between WHO-prequalification and
decreasing failure rates among tested samples. The
pooled association estimate was OR=0.06 (95% CI 0.01
to 0.35), with I2 of 78% (see online supplementary
figure S4).

Licensing of drug outlets
Six cross-sectional studies examined the association of
licensing of drug outlets on failure rates,25 32–35 37 and
another two examined such association on the preva-
lence of counterfeit drugs.28 36 We were able to pool the
results for four of the six studies that reported the out-
comes as failure rates.25 32 35 37 The overall result
showed a non-statistically significant association of licens-
ing of drug outlets on failure rates of medicines. The
pooled association was OR=0.40 (95% CI 0.11 to 1.37),
with I2 of 86% (see online supplementary figure S5).
The pooled results for the two studies reporting on

the prevalence of counterfeited drugs found a non-
statistically significant association between licensing of
drug outlets and decreased prevalence of counterfeit
drugs. The pooled association estimate was OR=0.66
(95% CI 0.41 to 1.05) with I2 of 0% (figure 3).
Of the eight included studies on licensing of drug

outlets, three conducted statistical tests, and found no
statistically significant association of licensing of drug
outlets on failure rates33 and prevalence of counterfeit
drugs.28 36 Only 1 study (of 8) found a higher failure
rate among licensed drug outlets compared to
unlicensed drug outlets (34% vs 16%, respectively).32

Spectrometry technology
Bate and Mathur38 conducted a retrospective study to
assess the effects of deploying six hand-held laser Truscan
(Raman) spectrometers at several inspection points.
Samples were collected in 2007, 2009 and 2010, to
compare the quality of drugs before and after the spectro-
meters were introduced in 2009. Minilab tests were used

Figure 3 Forest plot for licensing of drug outlet intervention, outcome: prevalence of counterfeit drugs.
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to run semiquantitative thin-layer chromatography and
disintegration tests, to determine the presence and rela-
tive concentration of active ingredients. This was followed
by spectrometry testing to reflect on all the contents of
the sample. The authors reported a significant increase
in the number of drugs passing the minilab tests (89% vs
81%, respectively) and spectrometry tests (88% vs 78%,
respectively) postintroduction of the spectrometers.
Similarly, disaggregation of the results by drug type
showed a higher percentage of samples passing each test
postintroduction of the technology.

Public awareness campaigns
Abdoulaye et al 24 conducted a cross-sectional study to
examine the association between a public awareness
campaign on the dangers of counterfeit medicines from
illicit drug markets and changes in the behaviour of con-
sumers. The study found that 51.5% of households that
previously bought medicines from street markets
reported declining this practice. Specifically, respon-
dents who received the awareness messages were six
times more prone to divert from the illicit drug market
than those who did not (OR=6.38, 95% CI 1.9 to 21.37
p=0.0027). Those who received messages about the
dangers of the street medicine market changed their
behaviours 60.9% of the times against 22.2% for those
who did not receive any message (p=0.033). Those who
received messages about the availability of cheaper medi-
cine at the pharmacies and clinics stopped buying from
the informal market 73.8% of the time compared with
51.2% for those who did not receive any message
(p=0.003).

Collaborative model
A case study by Newton et al39 examined an international
cross-disciplinary model of collaboration in quantifying
and identifying the source of the counterfeit antimalar-
ial drug, artesunate, in South East Asia. Of the 391
samples of artesunate analysed, the investigators found
16 different fake hologram types. Chemical analysis
detected a wide range of wrong active ingredients,
including raw materials for the manufacture of methyle-
nedioxymethamphetamine (ecstasy), which suggested
the counterfeits may be coming from these factories.
Biological analyses of pollen grains inside packages
allowed investigators to trace the origin of some of the
counterfeited artesunate to Southern China. These
results stimulated the Chinese Government to act
against the counterfeiters resulting in arrests, seizures
and closure of illegal outlets. The model of collabor-
ation was successful in the investigation of the problem
of counterfeit artesunate in South East Asia.

Multifaceted interventions
Five studies (representing 6 units of analysis) examined
the effects of multifaceted interventions on the preva-
lence of counterfeit and substandard drugs.

Promoting quality of medicine (PQM) Program
Four pre–post studies examined the effects of the PQM
Program.40–43 Table 2 summarises the key findings from
each study. In all four studies, PQM was implemented
and expanded, in collaboration with the country’s medi-
cine regulatory authorities and other health entities. In
Krech et al,41 the PQM Program was implemented along-
side other interventions to combat poor-quality drugs.

National Drug Policy Program (NDPP)
Syhakhang et al23 evaluated the impact of two different
aspects of the National Drug Policy Program (NDPP).
A pre–post study design evaluated the impact of
implementing the Quality Assurance system, while a ran-
domised trial evaluated two different levels of the regula-
tory interventions. The investigators found a statistically
significant decrease in substandard drugs from 46%
(169 of 366) to 22% (66 of 300) between 1997 and 1999
(p<0.001). Samples with no active ingredients (likely to
be counterfeited) decreased from 3.3% to 1%
(p=0.048). Samples with lower or higher content of
active ingredient than approved limits decreased from
12% to 4% (p<0.001). Weight variations outside
approved limits decreased from 35% to 14% (p<0.001).
The randomised trial, which assessed the impact of regu-
latory intervention on private pharmacy services, found
no statistically significant differences in the percentages
of substandard drugs between the active and regular
intervention pharmacies (25% vs 20%, respectively;
p=0.215).

Assessment of the quality of evidence
Within the individual observational studies, we judged
the risk of biases associated with exposure and outcome
measurements as generally low, and controlling for con-
founding variables as unclear. We judged the overall
quality of evidence from observational studies as low due
to study design. We also considered the presence of het-
erogeneity when we rated down the quality of evidence
as a factor that limits our confidence in pooled effect
estimate.44 The evidence for the randomisation trial was
judged as moderate due to lack of blinding and insuffi-
cient information on allocation concealment. We were
unable to assess publication and reporting biases due to
the small number of studies, and the absence of pub-
lished protocols, respectively. Although we had initially
planned to construct funnel plots, we eventually opted
against that since the number of included studies in the
meta-analyses was fewer than 10. Lau et al45 state that
funnel plots are only encouraged for interventions that
include at least 10 studies, with a substantially higher
number in the presence of significant heterogeneity.22

DISCUSSION
While the findings of the systematic review provide valu-
able insights into policy and practice, the evidence base
on the effectiveness of anticounterfeit drug interventions
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is weak. Overall, we found low quality evidence suggesting
that regulatory measures, specifically drug registration
and WHO-prequalification of drugs, may be effective in
reducing the prevalence of counterfeit and substandard
drugs. The evidence for licensing of drug outlets suggests
that by itself it is probably ineffective. For the remaining
single interventions, which include the deployment of
handheld spectrometry technologies at various inspection
points and an international cross-disciplinary model of
collaboration, very low quality evidence suggests they may

be effective in decreasing the prevalence of counterfeit
and substandard drugs. We also found very low quality
evidence suggesting that a public awareness campaign on
the danger of counterfeit medicine from illegal drug
outlets may be effective in changing the purchasing prac-
tices of individuals. For multifaceted interventions
(including a mix of regulations, training of inspectors,
public-private collaborations and legal actions), low
quality evidence suggests they may be effective in redu-
cing the prevalence of substandard and counterfeit

Table 2 A summary of the findings from the studies on the PQM Program*

Study Country Date of implementation Key findings

Krech et al41 Cambodia PQM was implemented in 2009 Comparing the period from 2005–2008 with the period

from 2009 onwards, there has been a statistically

significant reduction in the failure rate from 3.8% (33 of

877, 95% CI 2.7 to 5.2) to 2.1% (73 of 3484, 95% CI

1.7 to 2.6) (p=0.0065). Twenty-eight counterfeit

medicines were found from 2005–2009 and none were

found from 2010–2012.

By the end of 2011, Cambodia had reportedly closed

over 99% of illegal pharmacy outlets through the

Inter-Ministerial Committee to Fight against Counterfeit

and Substandard Medicines.

MOH FDD43 (Lao PDR) PQM was implemented in 2005

and expanded from 2005–2009

The failure rates decreased from 3.2% in 2005 to 0.6%

in 2009. During that same period, the number of

samples tested increased from 158 in 2005 to 346 in

2009. The percentage of counterfeit drugs fluctuated

on a year by year basis, with an initial rate of 2.5% (4

of 158) in 2005 and an average of 0.4% (6 of 1409)

from 2006–2009.

Numerous confiscations, fines and arrests were also

reported.

PQM40
† Southeast Asia PQM was implemented in 2003

and expanded in 2006–2007

Thailand: The failure rate decreased from an initial

2.4% in 2005 to 1% in 2009.

Vietnam: While the initial failure was zero in 2005, the

failure rate decreased from 2.3% in 2006 to 0.3% in

2009.

The Philippines: Statistical data were not available for

the Philippines, but the authors reported that since the

establishment of the PQM’s MQM Program for

tuberculosis medicine in 2009, “none of the

anti-tuberculosis medicines tested within six months

have been found to be substandard”.

Pribluda et al42 Amazon Basin

countries

PQM was implemented in 2005 With the exception of two countries, the results for over

100 samples per country were submitted, and since

2008 “most indicated a significant decrease in the

percentages that did not pass quality control testing

(failures)”.

For instance, in Brazil, 18.7% (29 of 155) of samples

tested in 2008 failed while none of the 60 samples

tested in 2010 failed. In Ecuador, 25% (18 of 72) of

samples tested in 2008 failed in contrast to 0.81%

(1 of 122) in 2010.

*For some of the above countries, more than one report was available for the PQM Program. We contacted the respective authors who
advised us on the datasets to use to avoid overlaps and duplications.
†The results for Cambodia and Lao PDR were not included because they were captured in the studies by Krech et al41 and Ministry of
Health’s, Food and Drug Department,43 respectively.
MOH FDD, Ministry of Health’s, Food and Drug Department; Lao PDR; Lao People’s Democratic Republic; PQM, promoting quality of
medicine.
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drugs. One randomised trial of moderate quality found
no significant difference between the active intervention
that involved two extra inspections (intensified supervi-
sion and additional training for the district drug inspect-
ors) and the regular intervention in improving the
quality of medicines.
We pooled the results separately for drug registration,

WHO-prequalification and licensing of drug outlets,
given their differing nature. With the exception of the
meta-analysis on the association between licensing of
drug outlets and prevalence of counterfeit drugs, we
found significant heterogeneity for each of the remain-
ing meta-analyses. We could not formally explore the
potential sources of heterogeneity given the small
number of included studies. Possible sources of hetero-
geneity may include variations across studies in the types
of drugs evaluated and methods used to measure failure
rate. The latter is plausible given the variety of instru-
ments and pharmacopoeia standards used for assess-
ment of failure rates.
While drug registration and WHO-prequalification of

drugs appeared to be effective, the findings for drug
registration highlighted the need for routine market
surveillance and expansion of regulatory functions to
cover local manufacturers and importers. For WHO-
prequalification of drugs, the quality of WHO-
prequalified medicines still varied depending on the
country of procurement. One study found that China
had the highest number of drugs of WHO-approved
manufacturers that failed quality control testing,
followed by India, with the lowest failure rates observed
for WHO-prequalified drugs coming from the USA and
European Union.30 Licensing of drug outlets alone
appeared to be ineffective in reducing the prevalence of
counterfeit and substandard drugs. This may likely be
related to ineffective licensing systems and the absence
of routine inspection of outlets.
We could only retrieve a single study for the remaining

single interventions. The evidence on multifaceted inter-
ventions suggests they may be effective in reducing the
prevalence of substandard and counterfeit drugs;
however, it was difficult to single out the contributions
made by the individual types of interventions. More so,
poor quality medicines were still reported, necessitating
the need for continuous monitoring and collaborations
to combat the problem. The success of the PQM
Program, in particular, required collaborations with
medicine regulatory bodies, qualified personnel and pol-
itical will, to act on findings.
Our systematic review did not identify eligible studies

assessing other relevant types of interventions (see frame-
work in figure 1). In particular, we could not identify
primary studies assessing the effectiveness of anticounter-
feit packaging and traceability technologies (barcoding
and radiofrequency identification systems (RFID)) in
reducing the prevalence of counterfeit drugs despite the
fact that they have become prominent preventive mea-
sures in the fight against drug counterfeiting.16 46 47

Existing systematic reviews focused mainly on the
prevalence of counterfeit and substandard drugs13 48 49

or on the risk factors and consequences of drug counter-
feiting.50 One systematic review provided an overview of
available analytical technologies for detecting counter-
feit and substandard drugs, and compared their suitabil-
ity in low-income and middle-income countries.51

Another systematic review focused on the RFID interven-
tion, but it did not include any effectiveness studies.52

Strengths and limitations
To our knowledge, this is the first systematic review asses-
sing the effectiveness of interventions to combat or
prevent drug counterfeiting. We searched multiple data-
bases and included the published as well as grey litera-
ture to increase the comprehensiveness of our search.
We also conducted rigorous appraisals of included
studies. In addition, our systematic review responds to a
policy-relevant priority as identified by policymakers and
stakeholders.
Some of the limitations relate to those of the included

studies. We identified only one randomised trial of mod-
erate quality. The observational studies suffered from
risk of biases related to sampling methods and inad-
equate control for significant potential confounders.
Also, for some interventions, only a single study was
retrieved, limiting our ability to draw any conclusion
regarding the effectiveness of the intervention. Most of
the studies did not distinguish between counterfeit and
substandard drugs, referring to changes in quality of med-
icines collectively as ‘failure’. Only four studies28 29 36 39

reported conducting some form of authentication investi-
gation, which is important to confirm if a medicine is
counterfeit, particularly since samples that have passed
laboratory tests were still found to be counterfeit on inves-
tigation.29 Another limitation of the review may relate to
the fact that we only included studies written in English,
Arabic or French.

Implications for policy
Based on the current available evidence, government
and regulatory agencies in low-income and
middle-income countries may benefit from spending
their resources on strengthening the registration proced-
ure to ensure that all drugs, including those of domestic
manufacturers and importers, are assessed for safety,
quality and efficacy before they are released into the
market. More importantly, they probably should comple-
ment drug registration with routine postmarketing sur-
veillance to sustain the quality of drugs circulating in the
market as well as maintain an updated published list of
registered drugs.
Countries that rely heavily on imported drugs may

consider opting for drugs that are WHO-prequalified.
However, they should keep in mind that even among
WHO-prequalified products, the quality of medicine
may vary depending on the country of export.
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The three-level testing approach developed by the
PQM Program can offer regulators in limited resource
settings with a “cost-effective high-throughput method-
ology” for quality monitoring of drugs that produces
valid and reliable results.53 The approach can strengthen
drug quality assurance systems and ultimately reduce the
prevalence of poor quality medicines.
While the evidence on licensing of drug outlets sug-

gests it may not be effective by itself, policymakers may
want to consider multifaceted interventions that include
a mix of regulations, training of personnel, public-
private collaborations and enforcement of legal actions.

Implications for research
There is still a dearth of methodologically rigorous
studies to assess interventions to combat or prevent drug
counterfeiting. Future research should produce effective-
ness studies that address the methodological limitations
of the available evidence. There should be more efforts
made towards conducting well-designed randomised
trials, quasi-experimental studies, and/or observational
studies (eg, interrupted time series or pre–post studies
with control groups). The latter should aim for proper
assessment of exposures and outcomes, control for sig-
nificant confounders and minimise selection biases.
Future studies should also evaluate other types of

interventions such as packaging and traceability tech-
nologies, criminal enforcement laws, price control, as
well as interventions that can improve the demand side.
There is also a need to conduct cost-effectiveness studies
on the different types of interventions at the country
level.
Finally, there is a need to adopt a standard definition

for what constitutes a counterfeit drug and develop stan-
dardised methodologies to minimise heterogeneity and
allow comparison of interventions across different
studies and settings.
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