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SUMMARY INTRODUCTION

Substandard/counterfeit antimicrobial drugs are a growing
global problem. The most common substandard/counterfeit
antimicrobials include beta-lactams (among antibiotics) and
chloroquine and artemisin derivatives (among antimalarials).
The most common type of substandard/counterfeit antimicro-
bial drugs have a reduced amount of the active drug, and the
majority of them are manufactured in Southeast Asia and Af-
rica. Counterfeit antimicrobial drugs may cause increased
mortality and morbidity and pose a danger to patients. Here we
review the literature with regard to the issue of substandard/
counterfeit antimicrobials and describe the prevalence of this
problem, the different types of substandard/counterfeit anti-
microbial drugs, and the consequences for the individuals and
global public health. Local, national, and international initia-
tives are required to combat this very important public health
issue.
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ounterfeit and substandard drugs are an emerging menace

(1-9). Antimicrobials, especially antibiotics and antimalarial
agents, are most often reported as substandard/counterfeit in less-
developed countries (10-14). The counterfeiting of antimicrobi-
als needs to be studied further, but journalism is the main source
of information compared with limited available information in
the scientific literature. Only few systematic reviews of evidence
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regarding low-quality antimicrobials have been published (15—
17). Here we describe the published scientific evidence regarding
counterfeit/substandard antimicrobials, the different types of
substandard antimicrobials and how they differ from counterfeits,
their consequences to individuals and to the public health, and the
strategies to detect them and combat them.

CHARACTERISTICS OF SUBSTANDARD/COUNTERFEIT DRUGS

Substandard medicines have not been defined uniformly (18).
Substandard drugs are “genuine medicines which have not passed
the standards and quality testing protocols set for them” (19-22).
The World Health Organization (WHO) and International Phar-
macopoeias have previously determined these standards and
quality tests (23). Counterfeit medicines are a type of substandard
drugs. There is no international consensus regarding the defini-
tion of counterfeit medicines (18), and the WHO defines them as
“drugs that are deliberately and fraudulently mislabeled with re-
spect to identity and/or source” (12).

The characteristics of antimicrobials with poor quality are
summarized in Table 1 (1, 2, 7, 9, 15, 17, 24—-60). Counterfeit
medicines may be brand and/or generic products with falsified
packaging and may have too little, wrong, or no active ingredient (12,
61). Both poor manufacturing and counterfeiting may lead to varia-
tions in the quality and quantity of active ingredients in substandard
drugs (15). Although it is important to distinguish among the differ-
ent types of suboptimal drugs, such as “fake,” “counterfeit,” and
“substandard” medicines, in most of the studies that have addressed
this topic it was not determined whether poor production, storage, or
counterfeitingled to the low quality of the drug (2, 7). In most studies,
the cause for the low quality of the drugs was not identified (57, 62),
and the terms “substandard” and “counterfeit” were used inter-
changeably. Determining whether substandard drugs are also coun-
terfeit is challenging, based on the limited available evidence (59). In
most cases, it is not known if the wrong concentration of the active
component in a drug is the result of fraud, even after chemical anal-
ysis of a drug (59). In 2011, the WHO proposed the use of the term
“substandard/spurious/falsely labeled/falsified/counterfeit drugs”
(SSFFC) (59); this is ambiguous (18) since it cannot differentiate the
different causes of poor drug quality (counterfeit versus substan-
dard), which need to be addressed using different approaches. In this
article the term “substandard/counterfeit” drug is used when the
cause for the poor-quality drug has not been determined.

EPIDEMIOLOGY OF SUBSTANDARD/COUNTERFEIT
ANTIMICROBIALS

Determination of the Epidemiology of Low-Quality
Antimicrobials Is Challenging

The number of published research studies regarding counterfeit
drugs is limited, and the problem is reported mostly in newspa-
pers and online resources rather than the biomedical literature. A
large randomized, blinded study with random and adequate sam-
pling is needed to accurately determine the epidemiology of low-
quality antimicrobials. Only a limited number of studies had ad-
equate methodology and random sampling (2, 15, 59), whereas
sampling bias, inappropriate storage conditions (38), and insta-
bility of certain antibiotics (28) limited the value of the reported
data in most studies. Other reports were restricted or not pub-
lished (59). Many studies used only a small sample of antibiotics
that did not represent the magnitude of the problem (5, 63). In
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many studies there were inconsistencies with regard to the defini-
tions, pharmacopoeias, and drug sampling methods that were
used. Thus, direct comparison between different studies is diffi-
cult. Finally, the individual contribution of each factor, such as
falsified packaging analysis, to the epidemiology of low-quality
antimicrobials has not been adequately studied. However, epide-
miological data from national and international organizations
and from prevalence studies can better define the magnitude of
the problem.

Epidemiological Data from National and International
Organizations

According to the WHO, up to 10% of the drugs worldwide may be
counterfeits (13, 64); 50% of them involved antimicrobial drugs, and
78% were from developing countries. Moreover, 59% of cases with
available information on the quality of drugs were fraudulent, and
only 7% had the standard concentration of the active drug (1, 65, 66).
However, reporting of counterfeit drugs within WHO is <15% (22,
67). AWHO study of drug product quality in developing countries in
Africa found that 7.6% of major antibiotic formulations contained
no active ingredient, whereas 17.8% of antibiotics and 13% of antip-
arasitic products were substandard by WHO criteria but not neces-
sarily counterfeit (27). However, well-designed studies to define the
problem are lacking, and this has led to significant variability in the
estimates of counterfeit drugs among other developing countries
(68-70). According to the U.S. Food and Drug Administration
(FDA), up to 25% of all medicines in developing countries and
>10% of drugs worldwide have low quality (71). The Pharmaceutical
Security Institute data indicate an increase in the reports of fake drugs
of more than 10-fold within 2002 to 2012 (72). The data reflect the
regulatory oversight in countries where the counterfeit antimicrobi-
als have been studied (73). Since pharmaceutical companies and reg-
ulatory authorities have not published most of their data on counter-
feit antibiotics (18, 73), published prevalence studies may provide
useful epidemiology data (73).

Counterfeit Drugs Have Been Reported Worldwide

Counterfeit drugs are less than 1% of the market in higher-income
countries (74) but have been reported 10 times more often within
the last 5 years in the United States (17). In Europe within 1 year
(2007 to 2008), counterfeit products increased by 118% and their
confiscations had a relative increase of 57% (17). In developing
countries, with insufficient public resources and monitoring (13,
64), counterfeit drugs account for between 10% and 30% of all
drugs sold (75). The rate of counterfeiting is as high as 20% of all
drugs in the countries of the former Soviet Union. According to
the World Trade Organization, the United Nations Office on
Drugs and Crime (UNODC), and data that are often based on
package labels and may be incomplete, India manufactured most
of the counterfeit drugs worldwide in 2006, followed by China and
Thailand (75, 76). In a recent literature review, 44%, 30%, and 9%
of 163 counterfeit antibiotics were detected in Asia, Africa, and
Europe and North America, respectively (17). Overall, up to 60%
of antimicrobials in Africa and Asia may have low quality (75).

Published Prevalence Studies Regarding Low-Quality
Antimicrobials Provide a Better Estimate of the Magnitude
of the Problem

The problem of low-quality pharmaceuticals has increasingly
been reported (77, 78). In our previous review of the literature
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TABLE 1 Characteristics of substandard and counterfeit antimicrobials

Substandard/Counterfeit Antimicrobials

Group and characteristic Comments (references)

Substandard antimicrobials
Reduced concn of AI*
declared on the packaging

Quantification of the Al content of an antimicrobial agent shows that the concn of the Al is lower than the claimed content

Poor manufacturing or transportation, decomposition, and poor storage conditions (2, 34, 35) and dilution of drugs with
other chemicals (25, 26, 27) may lead to low concn of the Al
In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 14/15 (93%) studies

reported this problem (59)
Reduced stability (dissolution

failure) and bioavailability bioavailability of the antibiotic (59)

Solubility or release of Al is not within the specified time range due to reduced stability of the drug, and this leads to reduced

Most of the limited no. of studies that have assessed the stability of antimicrobials had suboptimal design (29-33, 35, 36)
Antibiotics such as ampicillin (34), but not others such as penicillins and tetracyclines (7, 35), may degrade with high

temperatures and humidity (30)

Reduced bioavailability may lead to suboptimal activity of antimicrobials (36); examples include antibacterials such as co-
trimoxazole (38), tetracyclines (37), and metronidazole (38) and antiparasitic agents such as chloroquine (39),
mefloquine (40), and pyrimethamine (41-43)

In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 5/15 (33%) studies

reported this problem (59)
Impurities/unknown
ingredient

Substandard wt of a tablet or capsule (59)
Altered odor due to diluted Al or harmful additives

Inactive or harmful ingredients, impurities, or contamination such as mold
In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 2/15 (13%) studies

reported this problem (59)

Counterfeit antimicrobials
Absence of pharmaceutical Al

Quantification of the AI content of an antimicrobial agent shows that the Al as declared on the packaging is absent (59)

Antibiotics may contain no Al (9, 44, 48, 49)
The Al is replaced by cheap substances, such as flour in oral presentations and water in drinkable or injectable presentations

(15,17)

In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 7/15 (47%) studies

reported this problem (59)
Reduced amt of Al
drug (59)
Increased amt of AL

The antimicrobial may be considered counterfeit when the substandard amt of the Al is included deliberately in the

The concn of the AT may be higher than the amt reported in the packaging (59)

In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 6/15 (40%) studies

reported this problem (59)
Altered chemical content/
wrong ingredient

Detection of Al in the drug that is not declared on the packaging (59)
Examples of wrong ingredients include erythromycin (45), flour, starch, or powder (26, 45-47), and tap water (9, 44, 48, 49)

These products may contain toxic chemical impurities (15, 17)
In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 4/15 (27%) studies

reported this problem (59)
Impurities/unknown

ingredient manufacturing) (59)

Extraneous contaminants that should not be present in a drug (if done deliberately and not the result of poor

In a recent report of published prevalence studies regarding substandard/counterfeit antimicrobials, 2/15 (13%) studies

reported this problem (59)
Inappropriate packaging

Packaging has incorrect labeling information about a drug origin or authenticity, and the color, size of pills, and bar codes

are often similar to those for the original drug (25)

False representation of identity is commonly used, by copying the packaging of another marketed product; the brand name
may be modified to try to escape laws on infringing intellectual property

They are generally undisguisable in their outward packaging

In developing countries, many of the purchased drugs without packaging were counterfeit (57)

Antimicrobials with false packaging and labeling include penicillins (24), co-trimoxazole (50), tetracyclines (1, 51-54),
chloramphenicol (1), quinolones (51), aminoglycosides (55, 56), and antimalarials (40, 57, 60).

Very few studies performed packaging analysis of the samples collected (40, 58, 59)

Mass uniformity test failure
manufacturing) (59)

The wt of a tablet or capsule is not within the avg range specified (if done deliberately and not the result of poor

@ Al active ingredient.

(15), the prevalence of substandard/counterfeit antimicrobials
varied from 10% to more than 50% in some studies (2, 7, 38, 79,
80), whereas in another report it was 28.5% (range, 11 to 48%)
and was similar in developing countries (22 to 38%). In the latter
review, out of a total of 44 identified studies, only 15 studies were
included in the analysis based on quality criteria (59), four used
random sampling methods (7, 28, 81, 82), and only one included
sample size estimates (81). Packaging analysis of the collected
samples was performed in only two studies from Southeast Asia
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(40, 58). Five of these studies reported the antimicrobials as pos-
sible counterfeit (7, 28, 57, 82). Overall, the problem of low-qual-
ity antimicrobials was prevalent in Africa and Asia, but the epide-
miology of these drugs in upper-income countries is unknown.

Factors That Contribute to the Spread of Low-Quality
Medicines

The WHO has determined factors that may lead to spread of sub-
standard drugs, such as counterfeiting (44), chemical instability
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TABLE 2 Factors that contribute to poor-quality drugs

Factor(s) contributing to poor-quality drugs

Substandard drugs

Reduced stability of drugs in developing countries due to environmental
conditions and poor storage

No good manufacturing process in developing countries

Poor quality control during manufacture

Poor surveillance about expiration dates and storage conditions in poor
settings

Use of nonstandardized pharmacopoeias by many developing countries

Counterfeit drugs

Financial interests: crime, corruption of politicians and industry

Inadequate resources dedicated to control manufacture, import, and
export activities, complex transactions, inefficient cooperation among
stakeholders

High demand for antimicrobials and vaccines exceeds supply

High prices of original drugs

Development of Internet

High rate of illiteracy and very low income of population in less-
developed countries

Lack of sensitization of people in less-developed countries to the impact
and dangers of counterfeit drugs purchased from nonauthorized
dealers

(29), and poor quality control (83) (summarized in Table 2) (12).
Corruption, crime, and poorly regulated pharmaceutical compa-
nies are major contributors to counterfeiting (26, 84, 85). The
counterfeit drug market is more profitable for counterfeiters than
that of illicit drugs, according to the International Drug Industry
Federation (17). Financial interests counteracted international ef-
forts to combat counterfeiting (86). In a recent review of 5 studies
regarding counterfeit antimicrobials, 51% and 24% of the coun-
terfeit drugs were derived from unlicensed retailers and licensed
authorities, respectively (40, 87-89). Thus, the unauthorized sale
of substandard drugs is common in less-developed countries (57,
90). Authentic medicines are often expensive, and people buy in-
expensive medicines from unauthorized retailers (57), which are
often considered of good quality by the public (90). Future studies
need to further determine the spread of low-quality antimicrobi-
als in the unauthorized market.

METHODS USED TO DETECT COUNTERFEIT/SUBSTANDARD
ANTIMICROBIALS

Substandard drugs can be detected by different methods, including in-
spection, colorimetric methods, chromatography, and spectrometry (Ta-
ble 3) (9, 12, 31, 43, 45, 91-106). A three-level approach (107) consisting
of different quality control procedures has been proposed to detect sub-
standard/counterfeit antimicrobials. Level 1 includes inspection to deter-
mine the quality of packaging and labeling. Level 2 encompasses methods
that can be done in the field. Level 3 requires the equipment of an estab-
lished laboratory to determine drug quality according to established spec-
ifications. New technologies such as spectroscopy (108), X-ray methods
(109), data matrix type, radio frequency identification (RFID) labels, ho-
lograms, engraving, invisible prints, and nanotechnologies have increas-
ingly been used to determine quality of antimicrobials and may help in-
crease the efficacy of detection of substandard/counterfeit antimicrobials.
However, such solutions are expensive and often available only to higher-
income countries. Thus, since technology may improve the detection of
low-quality drugs, it would be important that these methods will also be
available in developing countries, where counterfeit products are the most
common.
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Clinical Microbiology Reviews

CATEGORIES OF LOW-QUALITY ANTIMICROBIALS

Categories of substandard/counterfeit antimicrobials include an-
tibiotics (2, 5,7, 15, 17, 24, 28, 35, 38, 51, 62, 110-125), antituber-
culosis (anti-TB) drugs (62, 110, 112, 121, 122), antivirals (14, 26,
46, 126-150), vaccines (56, 144, 151-156), and antimalarials (2, 7,
9,15, 24, 27, 28, 31, 34, 38, 40, 43-45, 48, 50, 52, 53, 55, 57, 58, 60,
63, 78, 79, 81, 82, 87-89, 91, 113, 117, 123, 131, 157-186) (see
Tables 4 to 8). Low-quality antibiotics are reported 8- to 10-fold
more often and antiparasitic drugs 2- to 3-fold more often than
other counterfeits (187). Antimalarials, followed by antibiotics,
are the most common targets for counterfeiting.

Antibacterial Agents

Numerous antibiotics have been reported to have low quality (76—
86) (Tables 4 and 5). In a recent literature review, out of 163
counterfeit antibiotics detected in the world until 2009, 50% were
beta-lactams, 12% quinolones, 11% macrolides, lincosamides,
and synergistines, 7% cyclins, and 20% other antibiotics (17). In
our review of the literature, beta-lactams, antifolates, and cyclins
were most commonly reported as substandard/counterfeit in
more than 50 countries throughout the world (Fig. 1A; Table 5).
In addition, amoxicillin was the most common substandard/
counterfeit antibiotic and was reported in 29 countries, followed
by ampicillin (reported in 17 countries), tetracyclines, (reported

A Antituberculosis Aminog(lz)cosides
agents (28)
Antifolates
/a7

Rifamycines

3)
Quinolones

9
Phenicols

8)

Macrolides (9)

Lincosamides (3)
Beta lactams
Imidazoles (52)
@) Cyclines

(m

B Proguanil (2)

Tetracyclines (8) \\

Antihelminthics (3)

Primaquine

)

Artemisin
derivatives

(26)
Mefloquine —__
(17)
Quinine
sulfate
(19) Chloroquine
(29)

Sulphadoxine-pyrimethamine (SP)
(27)

FIG 1 Number of countries, per category of antimicrobials, where poor-quality
antimicrobials have been reported. (A) Antibiotics. (B) Antiparasitic agents.
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TABLE 3 Methods for detection of counterfeit/substandard antibiotics®

Substandard/Counterfeit Antimicrobials

Method

Advantage(s)

Disadvantage(s)

Diagnostic methods to determine quality of medicines

widely used in developing countries

Inspection: physical properties (printing,
embossing, shape, odor, taste, consistency) and
secure labeling of products (12)

Characteristic physical and chemical properties: wt,
density, refractive index, viscosity, osmolarity,
pH, crystal morphology, solubility

Colorimetric techniques (92, 93)

Dissolution/disintegration assays

GPHF Mini-lab (97)

TLC

X-ray methods, such as X-ray fluorescence (99)

Spectroscopy methods, such as Raman (100) and
infrared (95)

Diagnostic methods to determine quality of drugs that
are not widely used in developing countries
High-performance liquid chromatography

Gas chromatography

MS, such as accurate-mass ESI-MS, accurate-mass
MS/MS, LC-MS, NIR spectroscopy (31, 103-106)

Microbiological techniques

RFID system

Quickest and cheapest way to detect a counterfeit drug

Low cost

Can provide simple tests for detecting counterfeit drugs such as
antimalarials

One of the most widely used methods to evaluate drug quality
(9,94)

Can be done by untrained personnel

Rapid and highly specific

Improved colorimetric methods incorporate colorimetric
reactions onto a paper-based device (95)

Widely used (31, 43, 96)

Can detect substandard drugs even when the amt of the active
ingredient is appropriate

Correlate the in vivo bioavailability of an oral medicine to its in
vitro solubility vs time profile

Reliable, simple, and inexpensive method (98)

In combination with colorimetric methods has been recognized
by the WHO as appropriate technology for initial screening
of a large no. of drug samples in developing countries (12)

Fast, convenient, easy, specific, inexpensive

Useful in settings where laboratory resources such as HPLC are
not available

Can be used in resource-poor settings because they are portable

Can be used in resource-poor settings because they are rapid,
accurate, and can be performed with a portable device that
allows real-time analysis of suspicious drugs

Allows determination of a spectral print according to the drug
ingredients and comparison with all spectra stored in a
database

Determine the exact quantity of Al in the sample

Assess drug quality according to the specifications established
by international pharmacopoeia

Accurate identification of ingredients; used for nonvolatile
chemicals (101)

As for HPLC but useful for detecting residual solvents, volatile
constituents, and undeclared ingredients (101)

Specific

Precise: accurate identification of ingredients present in
counterfeit drugs

Assess drug quality according to the specifications established
by international pharmacopoeia

No sample prepn, increased sample throughput

Antimicrobial activity assays with reference bacterial species are
specific (102)

Label meant to receive a radio signal and immediately respond
by sending back a different radio signal containing data; this
label is made of an electronic chip and an antenna

Neither sensitive nor specific since
counterfeits have become increasingly
sophisticated (45, 91)

Nonspecific

Less sensitive and less specific than other,
more sophisticated techniques such as
HPLC

Less sensitive and less specific than other,
more sophisticated techniques

Less sensitive and less specific than other,
more sophisticated techniques

Requires reagents, solvents, standards,
training

Often uses toxic or flammable reagents
and requires training

Less sensitive and less specific than HPLC

Only qualitative analysis of drugs
Costly methods
Only qualitative analysis of drugs

High initial investment cost

Limited analysis speed
Sophisticated, costly, labor-intensive

Sophisticated, costly, labor-intensive

Not widely available

Not widely available

@ Abbreviations: Al active ingredient; GPHF, German Pharma Health Fund; TLC, thin-layer chromatography; HPLC, high-performance liquid chromatography; MS, mass
spectrometry; ESI-MS, electrospray ionization MS; MS/MS, tandem MS; LC-MS, liquid chromatography-MS; NIR, near infrared; RFID, radio frequency identification.

in 11 countries), and trimethoprim-sulfamethoxazole (reported
in 10 countries). These data are consistent with previous reports
that have shown that “old” antimicrobials, such as penicillins and
tetracycline, are the most common counterfeited antimicrobials
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(1). Counterfeited antibacterial agents are more prevalent in Asia
and Africa (Fig. 2; Tables 4 and 5) (1, 15). In our review of the
literature based on 54 different antimicrobials, India was the lead-
ing country, with the highest variety of reported substandard/
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TABLE 5 Categories of reported substandard/counterfeit antibacterial and antituberculosis agents

Agent Country(ies) reported (references)
Aminoglycosides
Amikacin India (15, 17)
Gentamicin USA, Europe, India, Nigeria, Tanzania (15, 17)
Netilmicin India (15, 17)
Neomycin Nigeria (15, 17)
Antifolates
Trimethoprim Ukraine (15, 17)
Trimethoprim + Bangladesh, Burma, Cambodia, Cameroon, Indonesia, Nigeria, Rwanda, Tanzania, Thailand, Vietnam (2, 5, 15, 17,
sulfamethoxazole 38,51, 114)
Sulfamethizole Australia, Ivory Coast, Nigeria, Russia, Senegal, Sierra Leone, Ukraine (15, 17)

Beta-lactams
Penicillins
Amoxicillin

Amoxicillin + clavulanic acid
Ampicillin

Ampicillin + amoxicillin

Ampicillin + cloxacillin

Benzathin benzylpenicillin

Cloxacillin

Penicillin V

Phenylmethoxypenicillin
Cephalosporins

Cefaclor

Cefepime

Cephalexin

Cephazolin

Cephradine

Cefotaxime

Ceftazidime

Ceftriaxone

Cefuroxime

Chlortetracycline

Cyclines
Chlortetracycline
Doxycycline
Oxytetracycline
Oxytetracycline + polymyxin
Tetracycline

Imidazole
Metronidazole

Lincosamides
Clindamycin
Lincomycin

Macrolides
Acetyl-spiramycin
Acetyl-kitasamycin
Azithromycin
Clarithromycin
Erythromycin
Kitasamycin
Luecomycin

Angola, Belgium, Brazil, Burma, Cameroon, Central African Republic, Chad, Congo, Egypt, Ethiopia, Guinea,
India, Indonesia, Jordan, Kenya, Lebanon, Madagascar, Nepal, Nigeria, Malawi, Rwanda, Saudi Arabia, Sierra
Leone, Tanzania, Thailand, Uganda, USA, Vietnam, Zimbabwe (2, 15, 17, 35, 38, 111, 114, 118, 123)

Germany, India, Nigeria, Philippines (15, 17)

Bangladesh, Burma, Bolivia, Cameroon, Ghana, India, Ivory Coast, Laos, Lebanon, Nigeria, Russia, Senegal, Sierra
Leone, Tanzania, USA, Vietnam, Zimbabwe (5, 7, 15, 17, 24, 28, 35, 120, 124)

India (15, 17)

Belgium, Burma, Lebanon, Nigeria, Thailand (2, 15, 17)

Burma, Zimbabwe (15, 17, 35, 51)

Burma, Nigeria, Uganda (7, 15, 17)

Cambodia, Indonesia, Madagascar, Thailand (15, 17)

Zimbabwe (15, 17, 35)

USA (15, 17)

Pakistan (15, 17)

Brazil, China, Sierra Leone (15, 17)

Russia, Ukraine (15, 17)

USA (15, 17)

Russia (15, 17)

India, Mexico, Philippines, Russia, Vietnam (15, 17)
Burma, Pakistan (15, 17, 51, 116)

China, India, Nigeria, Vietnam (15, 17)

Burma (15, 17)

Burma (15, 17, 51)

Burma, Zimbabwe (15, 17, 35, 51)

Senegal, Sierra Leone (15, 17)

India (15, 17)

Burma, Cambodia, Cambodia, India, Indonesia, Laos, Nigeria, Thailand, Vietnam, Zimbabwe (2, 15, 17, 24, 28, 35,
114, 125)

Burma, Cambodia, Cameroon, Nigeria, Rwanda, Tanzania, Vietnam (7, 15, 17, 38)

Germany (15, 17)
Sierra Leone, Mexico (15, 17)

China (15, 17, 119)

China (15,17, 119)

China, Jordan, Russia, Ukraine (15, 17, 119)
China (15, 17, 120)

Burma, China, India, Nigeria (15, 17, 51, 117, 119)
China (15, 17, 119)

China (15, 17, 119)
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TABLE 5 (Continued)

Substandard/Counterfeit Antimicrobials

Agent Country(ies) reported (references)
Meleumycin China (15,17, 119)
Midecamycin China (15, 17, 119)
Roxithromycin Germany, China, India, Russia (15, 17, 119)
Phenicol
Chloramphenicol Burma, Cambodia, Cameroon, India, Indonesia, Nigeria, Thailand, Vietnam (17, 114)
Quinolones
Ciprofloxacin Burma, India, Indonesia, Germany, Nigeria, Pakistan, Tanzania (17, 51, 113-115, 117)
Levofloxacin Pakistan (17, 115)

Nalidixic acid India (15, 17)

Ofloxacin China, Germany, Pakistan, Russia (15, 17, 115)
Rifamycin
Rifampin Burma, India, Vietnam (15, 17, 113)

Antituberculosis agents
Ethambutol
Rifampin

Rifampin + isoniazid

Armenia, Azerbaijan, Belarus, India, Nigeria, Kazakhstan, Ukraine, Uzbekistan (7, 15, 17, 112, 117)

Armenia, Azerbaijan, Belarus, Burma, India, Kazakhstan, Nigeria, Republic of Botswana, South Africa, Ukraine,
Uzbekistan (7, 15,17, 112, 117, 122)

Angola, Armenia, Azerbaijan, Belarus, Brazil, China, Colombia, Democratic Republic of Congo, Egypt, Estonia,

Ethiopia, Ghana, India, Kazakhstan, Kenya, Latvia, Nigeria, Republic of Botswana, Russia, Rwanda, South Africa,
Thailand, Turkey, Uganda, Ukraine, United Republic of Tanzania, Uzbekistan, Vietnam, Zambia (7, 15, 17, 62,

110,112,117, 121, 122)
Rifampin, pyrazinamide,

ethambutol, isoniazid (7,15,17,62,112,122)

Armenia, Azerbaijan, Belarus, India, Kazakhstan, Nigeria, Republic of Botswana, South Africa, Ukraine, Uzbekistan

counterfeit antibacterial agents (21 [39%] different agents), fol-
lowed by Burma (15 [27%] different agents) and Nigeria (14
[25%] different agents) (Table 5). Regarding the types of poor-
quality antibacterial agents, antibiotics with no active ingredient
were the most common type, followed by antibiotics with reduced
active ingredient and antibiotics with reduced dissolution and sta-
bility (Table 4).

Antituberculosis Drugs

Pharmaceutical agents of poor quality against tuberculosis have
been reported in 28 different countries, mostly in Asia and Africa
(Table 5) (1, 15). These drugs (isoniazid, rifampin, ethambutol,
and pyrazinamide) contain either no (7, 62), low (62), or excessive
(62) amounts of the active ingredient, contain the wrong ingredi-
ent (119), or have impurities (121), reduced bioavailability (121),
or wrong labels (1). Instability is not a cause of reduced bioavail-
ability in drugs used for the treatment of tuberculosis, contrary to
the case for other antibiotics such as tetracyclines (179, 188).
Drugs with a reduced amount of the active ingredient were the
most commonly reported type of substandard/counterfeit antitu-
berculosis (anti-TB) drugs, and more fixed-dose combinations
than single-drug samples were substandard (62, 121, 122). How-
ever, not all studies have found low-quality antituberculosis med-
icines (179, 189). Fake antituberculosis drugs can promote drug
resistance and lead to treatment failure (121, 190).

Antivirals

Counterfeit antiretrovirals. In view of the increasing pandemic
of AIDS in underdeveloped countries, the report of substandard/
counterfeit antiretroviral agents is alarming (Table 6). The high
cost and need for long-term therapy make antiretrovirals a target
for counterfeiting (191). Considering the high prevalence of HIV

April 2015 Volume 28 Number 2
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infection worldwide, counterfeiting of antiretrovirals may bring
enormous profits to the counterfeiters without easily being de-
tected (192, 193). In addition, the fear of stigma often makes
HIV-infected patients seek antiretrovirals through unauthor-
ized retailers (191). In 2011, 3,000 people with HIV were given
counterfeit antiretroviral drugs which seriously affected their
treatment (194). The absence of any research studies on coun-
terfeit antiretrovirals limits any efforts to estimate the magni-
tude of this problem. In 2003 the WHO reported that in Cote
d’Ivoire a triple antiretroviral combination (zidovudine, lami-
vudine, and indinavir) contained only zidovudine and a wrong
drug (stavudine) (195). In 2004, counterfeit antiretrovirals
containing antidepressants were found in Congo (14). The
most frequently reported counterfeit antiretrovirals are zid-
ovudine (14, 148) and lamivudine (131, 144), either alone or in
combination (26, 149), whereas in many cases the nature of
counterfeit antiretrovirals is not specified (131, 132). These
agents contain either wrong (14), little (142, 196), too much
(145), or no (26, 149) active ingredient. Falsified packaging and
the presence of impurities have also been reported (150). In
one study in Tanzania, out of five samples of stavudine and
indinavir, all indinavir samples had an excessive amount of
active ingredient, whereas one sample of stavudine capsules
failed the dissolution test (145). Most of the above reports,
however, are anecdotal. In some studies no substandard prep-
arations of antiretrovirals were identified (197). The tropical
conditions may significantly affect the properties of antiretro-
virals (198). Thus, counterfeit antiretrovirals may promote an-
tiviral resistance in areas such as Africa, and since second-line
therapies are more toxic, all of these factors limit access of
patients to antiretroviral therapy in developing countries (192,
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Antibacterials Antiparasitic
agents

W Oceania B Oceania
0.75% 0.00%

M Asia Asia
33.58% 8.96%

W Africa Africa
18.66% 12.69%

B Europe Europe
12.69% 0.00%

B America America
7.46% 5.22%

FIG 2 Relative geographic distribution of substandard/counterfeit antimicro-
bials. Darker colors indicate substandard/counterfeit antibiotics. Lighter col-
ors indicate substandard/counterfeit antiparasitic agents.

193, 199). However, it is unknown whether the absence of any
more recent reports of counterfeit antiretrovirals is due to the
increased availability of these drugs, the lack of close monitor-
ing, or other factors.

Other counterfeit antiviral agents. Fake oseltamivir (126—
130) and interferon (46) have also been reported. Technologies
such as solid-phase extraction and spectrometry have been
used for the determination of oseltamivir in plasma (200).
Counterfeit antivirals such as oseltamivir may be a substantial
threat to public health in the setting of a global avian flu pan-
demic (201). The risk is that low-quality antivirals have low
concentrations of the active drug that may promote antiviral
resistance, and thus antivirals may not be used in the setting of
an influenza pandemic (126).

Vaccines

Substandard/counterfeit vaccines have been reported, such as vac-
cines for influenza (153), avian influenza (152), hepatitis B (144),
meningitis (151), cholera (56), rabies (154), poliovirus (155), and
measles (156) (Table 6). In one study only 30% of countries that
produce vaccines in Asia had internationally acceptable quality
control standards (202). Low-quality vaccines may lead to in-
creased mortality due to failure to prevent life-threatening dis-
eases such as meningitis (203) and rabies (154).

Antifungal Agents

There is limited information regarding substandard/counter-
feit antifungals. Low-quality antifungals such as fluconazole,
ketoconazole, nystatin, and griseofulvin have been described in
the United States (141), Nigeria (7), Ukraine (204), and Sierra
Leone (55), respectively. Taylor et al. assessed the quality of
ketoconazole preparations (5 creams and 18 tablets) in Nigeria
and found that 4/5 (80%) ketoconazole tablets were substan-
dard/counterfeit (7). In another study in Africa and Asia, 9/13
(69%) antifungals were counterfeit (111). In one study in Ni-
geria, two different batches of six antimycotic drugs (nystatin,
clotrimazole, iconazole, itraconazole, doxycycline, and metro-
nidazole) had different activity against Candida spp., suggesting
that the quality of certain antifungals may affect treatment of pa-
tients with fungal infections (205). Further studies that will deter-
mine the prevalence of substandard/counterfeit antifungals are
needed.
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Antiparasitic Agents

Antimalarials. Based on the worldwide prevalence of malaria
(206), antimalarial drugs are commonly targeted by counterfeit-
ers. Studies have shown that substandard/counterfeit antimalari-
als have widely been reported in Africa (2, 7, 174, 175) and South-
east Asia (9, 48, 94). Up to 90% of antimalarial drugs were found
to be of low quality in a WHO study in Africa (207). In our review
of the literature, chloroquine, artemisin derivatives, sulfadoxine-
pyrimethamine (SP), quinine sulfate, mefloquine, primaquine,
tetracyclines, and proguanil have been reported as substandard/
counterfeit in more than 30 countries throughout the world (Fig.
1B and 2; Tables 7 and 8). Chloroquine was the most common
substandard/counterfeit antimalarial agent and was reported in
29 countries, followed by artemisin derivatives (reported in 26

TABLE 6 Categories of reported substandard/counterfeit antiviral

agents and vaccines”

Agent or vaccine

Country(ies) reported
(referencel[s])

Antivirals

Oseltamivir

Interferon

Antiretrovirals
Not specified

NRTIs
Zidovudine

Abacavir
Lamivudine
Stavudine
NNRTI
Nevirapine
PI
Indinavir sulfate
Combination antiretroviral
regimens
Stavudine-lamivudine-nevirapine
Lamivudine-zidovudine

Zidovudine-lamivudine-indinavir

Zidovudine + lamivudine +
nevirapine

Vaccines
Meningitis
Cholera
Avian influenza
Influenza
Hepatitis B
Rabies
Polio
Measles

USA (126), UK, Netherlands
(127-129), Russia (TeraFlu)
(130)

Brazil (46)

Colombia (131), Ethiopia (132,
133), Kenya (131, 134),
Tanzania (135, 136), Uganda
(131), Zimbabwe (137-139)

Vietnam (140), USA (141),
Zimbabwe (142)

India, Nigeria (143)

Hong Kong (131, 144)

Tanzania (145)

Nigeria (146)

USA (147), Tanzania (145)

DR Congo (14), USA (148)

DR Congo (14), USA (26, 141,
149)

Cote d’Ivoire (131), Cameroon
(131)

Nigeria (146), Kenya (150)

Niger (151)
Europe (56)
China (152)
USA (153)
Pakistan (144)
Thailand (154)
USA (155)
Nigeria (156)

“ Abbreviations: DR Congo, Democratic Republic of Congo; NRTTs, nucleoside reverse
transcriptase inhibitors; NNRTI, nonnucleoside reverse transcriptase inhibitors; PI,

protease inhibitor.
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TABLE 7 Categories and characteristics of counterfeit/substandard antiparasitic agents

Agent Country(ies) (reference[s])

Antimalarial
Artemisin derivatives

Artesunate

Amodiaquine
Artemether-lumefantrine

Sulfadoxine-pyrimethamine

Tetracycline
Quinine sulfate

Bolivia (157), Brazil (157), Burkina Faso (158), Burma (9, 58, 159), Cameroon (45, 88), Cambodia (9, 40, 48, 52, 53,
58,91, 131, 159, 160), China (131), Colombia (157), Ecuador (157), Ghana (88, 161, 162), Guyana (157), India
(113), Kenya (88, 162, 163), Laos (9, 58, 91, 131, 159), Madagascar (89), Nigeria (82, 88, 161, 162, 164), Peru (157),
Rwanda (162), Senegal (89), Suriname (157) Ghana (15), Tanzania (81, 88, 162), Thailand (9, 58, 131, 159), Uganda
(89, 162), Vietnam (9, 57, 131, 159)

Ghana (15, 161, 162), Kenya (43, 162), Nigeria (161, 162, 164), Rwanda (162), Tanzania (81, 162, 165), Uganda (162)

Burkina Faso (158), Cambodia (40), Ghana (15, 162), Kenya (162, 163), Nigeria (161, 162, 164), Rwanda (162), Sudan
(166), Tanzania (162), Uganda (162)

Cameroon (45, 167), Cambodia (40), Kenya (163), Nigeria (82,162), Rwanda (162), Tanzania (162), Uganda (162)

Angola (60), Brazil (157), Bolivia (157), Burkina Faso (158), Burundi (60), Cameroon (57), Cambodia (40), Colombia
(157), Congo (60, 172), Cote d’Ivoire (50), Ecuador (157), Gabon (87), Guinea (173), Guyana (157), India (117),
Kenya (87), Laos (24, 28), Mali (87), Mozambique (87), Nigeria (2, 82, 123), Peru (157), Sierra Leone (55), Sudan
(87,166,174), Suriname (157), Tanzania (31, 34, 175), Thailand (2), Uganda (175, 176), Yemen (177), Zimbabwe

Bolivia (157), Brazil (157), Colombia (157), Ecuador (157), Guyana (157), Peru (157), Suriname (157)
Angola (60), Bolivia (157), Brazil (157), Burma (52, 58), Burundi (60), Cambodia (40, 48, 52, 58), Ghana (161, 162),
Kenya (162), Laos (58), Nigeria (161, 162), Rwanda (162), Senegal (27), Sudan (166), Tanzania (162), Thailand

Amazonian region (63), Brazil (157), Bolivia (157), Colombia (157), Ecuador (157), Guyana (157), Namibia (78) Peru

Arteether Kenya (163)
Dihydroartemisinin
Halofantrine Nigeria, Ghana, Sierra Leone (168-171)
Other
Chloroquine
(87)
Doxycycline
Mefloquine
(58), Uganda (162), Vietnam (58)
Primaquine
(157), Suriname (157)
Proguanil Congo (172), Nigeria (7)

Burkina Faso (158), Cameroon (57, 88, 173), Cote d’Ivoire (50), Ghana (88), Kenya (43, 88), Colombia (157), Congo
(172), Ecuador (157), Gabon (87), Ghana (87, 161, 162), Guyana (157), Nigeria (44, 88, 162, 178), Peru (157),
Sierra Leone (55), Suriname (157), Zambia (208) Kenya (43, 87, 162), Madagascar (89), Mali (87), Mozambique
(87), Nigeria (7, 82, 161, 178), Rwanda (38, 162), Senegal (89), Sudan (87), Tanzania (31, 38, 81, 88, 162, 165, 183),
Uganda (89, 162, 176), Zimbabwe (87)

Cambodia (40)

Angola (60), Bolivia (157), Brazil (157), Burundi (60), Burkina Faso (158), Cambodia (40, 52, 53, 79, 131), Cameroon

(57,173), Congo (172, 184), Ecuador (157), Guyana (157), Nigeria (7, 82, 184), Peru (157), Rwanda (38), Sudan
(166), Suriname (157), Tanzania (38, 81), USA (182), Vietnam (131), Colombia (157)

Antiparasitic agents

Albendazole Cote d’Ivoire (50)

Lindane Lebanon (181)

Mebendazole Cambodia (79), Cote d’Ivoire (50), Nigeria (7)
Pentavalent antimonials India (186), Sudan (180)

Piperazine Guinea (173)

Praziquantel Sudan (185), Zambia (208)

Pyrazinamide Nigeria (7)

Rafoxanide products South Africa (209)

countries), SP (reported in 24 countries), and quinine sulfate (re-
ported in 19 countries) (Table 7). Regarding the types of poor-
quality antibacterial agents, antimalarials with reduced active in-
gredient and reduced dissolution were the most common type
(Table 8). Given that substandard/counterfeit antimalarials pro-
mote antimalarial drug resistance (91, 92) and that malaria is en-
demic in many developing countries and has significant morbidity
and mortality, these low-quality antimalarials are a threat to the
life of millions of people.

Other antiparasitic drugs. Substandard anthelmintics such as
mebendazole (50, 79), albendazole (50), praziquantel (185,
208), piperazine (173), rafoxanide (209), and pyrazinamide (7)
have been reported (Tables 7 and 8). Other substandard antip-
arasitic drugs, such as pentavalent antimonials and lindane,

April 2015 Volume 28 Number 2
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have been reported in India (186), Sudan (180), and Lebanon
(181). Characteristics of substandard antiparasitic drugs in-
clude no active ingredient (50), increased impurities (185) or
osmolality (186), altered labeling (50) and formulation char-
acteristics (185), expired and diluted products (180), and re-
duced efficacy (209). These substandard/counterfeit antipara-
sitic agents lead to therapeutic failure and promote
antimicrobial resistance (180).

CONSEQUENCES OF COUNTERFEIT AND SUBSTANDARD
ANTI-INFECTIVES

Substandard/counterfeit antimicrobials may have serious conse-
quences for both patients and global health, such as increased
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antimicrobial resistance, treatment failure, and side effects (9, 28,
190, 210).

Consequences for Patients

Counterfeit and substandard antibiotics per se can directly
cause deaths in humans. An excessive dose of the active ingredi-
ent in low-quality antimicrobials may be toxic to humans, espe-
cially in children or with antimicrobials with a narrow therapeutic
range, such as quinine (7, 46, 211, 212). Counterfeit antimicrobi-
als such as antimalarials (168, 213, 214) may have dangerous com-
ponents or infectious contaminants, which can cause side effects.
For example, injectable counterfeit antibiotics may contain meth-
anol, a potentially lethal product for humans which may be re-
sponsible for pancreatitis, blindness, coma, cardio-circulatory
failure, and death (17). In the late 1990s in the United States,
counterfeit gentamicin that had harmful impurities caused close
to 2,000 adverse reactions such as eosinophilia-myalgia syndrome
and 66 deaths (17, 72). Moreover, the presence of contaminating
agents of microbial origin may increase the risk for serious infec-
tions, as has been reported for gentamicin eye drops (215).

Counterfeit and substandard antibiotics can cause treatment
failure that leads to increased mortality in humans. Most anti-
biotics have wide therapeutic ranges, and modestly substandard
antibiotics may not lead to treatment failure (15). However, low-
quality antimicrobials may lead to therapeutic failure (2, 4, 8, 24)
and increased morbidity or mortality (6, 26,45-48,211,212,216).
The number of deaths due to counterfeit drugs can often be very
high. In Niger in 1995, approximately 60,000 patients received
counterfeit meningitis vaccine that lacked the active ingredient,
and as a result thousands of patients died or were permanently
handicapped (196). Substandard/counterfeit antimicrobials may
also lead to side effects that may reduce patient compliance with
use of the antimicrobial agent and lead to treatment failure and
increased morbidity and mortality (15, 17). For example un-
known or wrong ingredients such as chloroquine have been de-
tected in many counterfeit quinine tablets, which can lead to side
effects such as pruritus, poor compliance, and failure of treatment
(57). In addition, the plasma concentration of the low-quality
antibiotic may be substandard, especially in undernourished sub-
jects (125), and this combination with poor dissolution may lead
to reduced bioavailability of the substandard antibiotic and treat-
ment failure. For example, treatment failure and mortality have
been reported in patients with malaria who received substandard
chloroquine (174).

Consequences for the Community

Counterfeit and/or substandard antimicrobial medicines may
promote antimicrobial resistance. Emergence of antimicrobial
resistance as a result of low-quality antimicrobials has been re-
ported with antimicrobials that are often used in combination
therapy, such as antimalarials (45, 45, 123, 217-220) and antitu-
berculosis agents (1, 121, 221). The use of substandard products
may lead to underdosing of antibiotics, which can increase anti-
microbial resistance (2, 4, 8, 24, 222, 223). As a result, in some
developing countries multidrug-resistant bacteria may emerge,
and the development of travel may further promote the spread of
drug-resistant bacteria worldwide (15, 17, 51). Furthermore, ther-
apeutic failure prolongs the period of contagiousness and in-
creases the prevalence of infections from multidrug-resistant
pathogens in the community. With regard to malaria, WHO has
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recommended that if 10% of patients fail treatment, the malaria
treatment guidelines should change (224). However, the contri-
bution of substandard/counterfeit medicines to treatment failure
for malaria needs to taken into account and addressed in future
research studies.

Low-quality antimicrobials may significantly decrease confi-
dence in the efficacy of certain antibiotics. Poor-quality antimi-
crobials may lead physicians to lose confidence in specific antibi-
otics and thus to use broad-spectrum antibiotics as the drugs of
choice for infections (215, 225). According to the WHO, this may
lead to loss of efficacy of relatively inexpensive drugs and will
promote the use of more expensive antibiotics that patients in
developing countries are not able to afford. The public confidence
in health care systems and in governments may decline signifi-
cantly. If patients with infectious diseases do not take antimicro-
bials due to lack of trust in their efficacy, they remain infectious
and pose risks for global public health.

Financial consequences of low-quality antimicrobial drugs.
The use of low-quality antimicrobial drugs may lead to antimicro-
bial resistance and increased morbidity that may further adversely
affect the economies of governments (77). The financial burden
on consumers who have to pay for more expensive drugs and on
companies producing the original products can be significant (44,
56, 170, 226).

INTERVENTIONS

Several international and national strategies are required to effi-
ciently detect counterfeits and combat this problem (107).

International Strategies To Combat Counterfeit Drugs

In an effort to eliminate counterfeiting, WHO has issued guide-
lines (227) and created the International Medical Products Anti-
Counterfeiting Taskforce (228), which require collaboration be-
tween patients, health care providers, industry, and local and
government organizations (12, 56, 196, 229). The European
Council set up the international convention Medicrime, which is
open to member countries and prosecutes those involved with
counterfeit medicines (230). The Council of Europe launched a
project named “Track & Trace,” which traces counterfeits as part
of its strategy against counterfeiting of drugs (230). The World
Customs Organization, WHO, and INTERPOL collaborate with
police to combat counterfeiting (231, 232). The United Nations
Office on Drugs and Crime established the Container Control
Programme, which has improved the detection of counterfeit
drugs (233). Recently, WHO has established a new strategy to
combat counterfeiting (74, 234).

National Initiatives To Combat Counterfeit Drugs

The Counterfeit Drug Task Force was established by FDA to coun-
teract counterfeiting in the United States and worldwide. Task
force strategies against counterfeit drugs include using technology
and regulatory security practices to create rapid response systems
and public awareness programs (136, 229-233). However, most of
the developing countries lack the resources to apply published
guidelines (7, 49). Other important measurements from govern-
ments to combat counterfeits include reducing taxes applied on
drugs and promoting the use of affordable generic drugs (235).
For example, Nigeria, Thailand, and Cambodia developed infor-
mation sites on counterfeit drugs, and Cambodia initiated various
sensitization campaigns using mass media to educate patients to
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buy drugs only in authorized pharmacies (170). However, better
coordination between governments and international organiza-
tions is necessary to eradicate this problem.

LIMITATIONS OF THE REVIEW

In this review we identified only few studies with sufficient meth-
odology to determine the prevalence of substandard/counterfeit
antimicrobials. In many studies there was no clear distinction be-
tween counterfeit and substandard drugs, and sampling and data
analysis were not standardized. In most of the studies the source of
the drugs (for example, manufacturer, pharmacies, and patients)
was not identified. It was unclear if the drugs tested represented
lots of drugs or individual tablets and whether patient drug-han-
dling practices may also affect the performance of substandard/
counterfeit antimicrobials. The data regarding counterfeit/sub-
standard drugs from developed countries remain limited. It is not
known whether drug efficacy studies may have been impacted by
substandard/counterfeit drugs, and no links between patient out-
comes and substandard/counterfeit drug sources have been iden-
tified. Finally, a significant part of the published evidence regard-
ing counterfeit antimicrobials derived from journalism rather
than the biomedical literature.

CONCLUSIONS

Substandard/counterfeit antimicrobial drugs represent an ex-
panding problem throughout developing countries with consid-
erable consequences for global public health. Well-designed stud-
ies are needed to determine the magnitude of this problem. A
substandard concentration of the active ingredient was the main
reason for low quality, which can lead to increased morbidity and
mortality and emergence of antimicrobial resistance. Initiatives
have been developed to counteract counterfeiting, including col-
laboration between patients, health workers, local, national, and
international organizations, and industry. However, the lack of
resources in developing countries limits the implementation of
many of these measures. A multidisciplinary approach is required
to combat the menace of counterfeits, which affects the health of
millions of people.
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