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ABSTRACT: 

 Poor quality medicines endanger the lives of patients all over the world yet the current 

understanding of them is poor. The limited amount of research conducted has generally been of 

poor quality, although it suggests that there are areas with serious concerns. 

 The objectives were to identify which countries and antibiotics have data, how were the 

data reported, what methodologies were used and to determine where are the gaps in knowledge.  

 232 publications on antibiotic quality were included in a database following a systematic 

review. Databases searched include: Pubmed, Embase, Embase-Classic, Proquest, Google, 

Google Scholar, opengrey.eu and greylit.org.  Data on sampling, assay results, and regulatory 

information was extracted. 

 100 publications contained surveys that determined the quality of an antibiotic in a 

defined city, district or country. 86 of these publications provided details on the outcomes for 

each analysis technique and were included in a quantitative analysis. 

 A total of 8,641 samples were included in the quantitative analysis. 1,267 (14.7%) were 

poor quality. 49 different antibiotics from 53 countries were reported. 1.2% of samples were 

reported as falsified, however, 85% of publications did not conduct a packaging analysis. Only 

9% of publications used randomized sampling.  

 The data gathered suggests that poor quality antibiotics are a serious yet neglected 

problem. Due to the lack of good quality data, in many areas any data, inferences are 

problematic. More research, with standardized methods and reporting, needs to be done to 

properly understand the true scope of the problem 
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INTRODUCTION: 

Medicines are critical components of health systems and patient treatment. Patients, 

physicians, care givers and communities have faith that the drugs they are prescribing and 

consuming are authentic and meet the correct standards. However, poor quality medicines are 

currently being consumed by patients who are unaware that their treatment is suboptimal or even 

harmful. 

One way to classify poor quality medicines is by grouping them into substandard, 

degraded, and falsified. Substandard medicines fail to meet the quality standards and 

specifications due to factory negligence; they are produced poorly during production. Degraded 

medicines were originally produced correctly but have become poor quality over time, after 

leaving the factory, often due to incorrect storage. Falsified medicines are produced with 

criminal intent to mislead (Monge et al., 2014). There is no agreed upon definition and name for 

falsified medicines with synonyms of fraudulent and spurious. They are often referred to as 

counterfeit medicines. However, the term counterfeit is associated with trademark and 

intellectual property rights through the 1992 TRIPS agreement (Newton et al., 2011). Using the 

term counterfeit changes the focus from a public health issue to a trademark/intellectual property 

(IP) issue (Newton et al., 2011 & Attaran et al., 2012). Using a terminology, like counterfeit, that 

focuses on IP is not appropriate for medicines. In the case of medicines the main victims of 

falsified medicines are patients, often the poorest, not pharmaceutical companies. An IP based 

definition also does not protect against falsified medicines that are labeled as being produced 

from a non-existent company. Furthermore, an IP based definition can potentially be used 

against generic medicines, the medicines that the poorest rely on (Attaran et al., 2012). There are 

many cases where European customs have seized generic medicines that were legally produced 

in India and destined for Africa and South America (Mullard, 2010). In addition, pharmaceutical 

companies have supported anti-counterfeiting reforms that endangered access to generics in 

Africa (Attaran et al., 2012). An international treaty that defines falsified medicines with a public 

health focus has been called for (Newton et al., 2011 & Attaran et al., 2012).  



2 
 

As the term falsified does not have any trademark connotations it will be used for this 

review. The WHO is tentatively using the SSFFC (substandard, spurious, falsely labeled, 

falsified and counterfeit) system as a catch-all term until a new naming system can be agreed 

upon ("Definitions of SSFFC Medical Products", n.d.). 

Poor quality medicines contribute to many negative outcomes including treatment failure, 

increased antimicrobial resistance, increased mortality and morbidity, economic losses for 

patients and communities, and loss of faith in medicines and the health system (Newton, Green, 

& Fernández, 2010).  

To illustrate what a loss of faith in medicines can look like and the consequences it can 

have there is the case of a patient with malaria from Myanmar. The patient was checked into a 

local hospital and was given oral artesunate as treatment. The patient did not respond to the 

treatment, developed severe malaria and died. A patient dying while undergoing oral artesunate 

treatment is rare. The oral artesunate he was taking was tested and found to be falsified. The 

main ingredient in the falsified medication was acetaminophen and only 20% of the stated 

amount of artesunate. In protest at the man’s death the villagers collected all artesunate in the 

village and burned them together, the genuine along with the fake (Newton et al., 2006).   
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 An example of a Type 9 counterfeit artesunate, the same kind that was determined to be 

in the Myanmar village (Newton et al., 2006) 

Many poor quality medicines contain incorrect levels of the stated active pharmaceutical 

ingredient (API). For antimicrobials having decreased levels of the API this can result in the 

inadequate treatment of the pathogen. Consequently, this creates a selective pressure for breeding 

resistance. Newton, Caillet and Guerin (2016) describe how resistant malaria parasites gain a 

survival advantage over susceptible parasites when exposed to suboptimal doses of antimalarials, 

resulting in proliferation of the resistant parasites. The theory of suboptimal doses engendering 

resistance is a suggested explanation for the emergence of chloroquine resistant P. falciparum 

parasites along the Thai/Cambodia border due, in part, to the addition of chloroquine to salt in 

the 1950s (Payne, 1988). In some instances infections that do not respond to treatment and are 

labeled as resistant strains but are actually due to poor quality medicine (Newton, 2002). 

Resistant strains are treated with 2nd line therapies that are often much more expensive. For 

tuberculosis, the cost to treat one patient in 2014 for drug susceptible tuberculosis was USD 50 -

100. The cost per patient for drug resistant tuberculosis was USD 5,000 – 10,000 (World Health 

Organization, 2015). The artemisinin derivatives, a key antimalarial, was a major victim of 

falsification in the late 1990s until recently. Widespread criminal production of falsified 

artesunate (one of the main derivatives) resulted in deaths of patients who would have normally 

survived a malaria infection. A study in Lao discovered that 38% of 104 antimalarial drugs being 

sold at pharmacies contained no API and are likely to have resulted in preventable deaths 

(Newton, Dondorp, Green, Mayxay, & White, 2003). Falsified drugs often contain other drugs 

mixed with either some of the correct API or none of the stated API at all. In a study of poor 

quality emergency contraceptives a sample was found to contain low amounts of the stated API 

as well as the addition of sulphamethoxazole, an antibiotic. This class of antibiotics has been 

found unexpectedly in samples of falsified medicines before and could contribute to negative 

side effects including rash and Stevens-Johnson syndrome. The antibiotic could also react with 

other medications and cause confusion to health providers (Monge et al., 2014). 

Medicine quality is a neglected topic and as a result reliable and objective statistics and 

data on prevalence are scarce (Cockburn, Newton, Agyarko, Akunyili, & White, 2005). In a 

systematic review of anti-malarial drug quality, Tabernero, Fernández, Green, Guerin, and 
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Newton (2014) reported that there was no reports for 60.6% of malaria endemic countries and 

from 38.6% of African malarious countries.  An often-quoted prevalence of falsified medicines 

is 1% in developed countries, 10% globally up to 30% in developing countries and up to 50% 

online (IMPACT, 2006). However, there is limited evidence to support these numbers. Data are 

drastically different from country to country. The bulk of medicine quality research has been on 

antimalarials (Newton, 2006). Tabernero, Fernández, Green, Guerin, and Newton (2014) 

concluded that the data needed for understanding the prevalence and public health impact are of 

poor quality. The authors go on to call for the standardization of sampling and assay methods as 

well as a consensus on key definitions. The report states that although the data are of poor quality 

they do suggest that there are severe problems. 

Similar reviews are currently being completed on the quality of anti-tuberculosis and HIV 

treatments (Tabernero, Fernández, Green, Guerin, & Newton, 2014). Previous reviews on anti-

infectives and antimicrobials have been conducted by Newton, Green, Fernández, Day, and 

White (2006) and Kelesidis and Falagas (2015), however they were not systematic. Research on 

the quality of antibiotics (AB) is limited and badly needed considering the massive quantity of 

antibiotics sold on the international markets, the large availability of AB over the counter in 

tropical countries, the importance of these drugs in treating infectious diseases, still a major part 

of the burden of diseases in tropical countries and the role of poor quality antibiotics in the 

emergence of antibiotic resistance. A systematic review is necessary to assess the data on the 

global distribution of poor quality antibiotics. This can lay the foundation, inform future research 

and identify specific gaps of information. Policy makers, researchers and grant boards will be 

able to identify what areas of the world should be focused on, what APIs are at risk and what 

mistakes were made in the past.  

OBJECTIVES: 

There were 5 research objectives for this systematic review: 

1. To determine where information about antibiotic quality is coming from. 

2. To determine which antibiotics are being reported. 

3. To assess how antibiotic quality is being reported 



5 
 

a. To determine whether antibiotic quality is correctly being reported as 

falsified, substandard, degraded. 

4. To determine what methodologies are being used to determine antibiotic quality. 

a. To evaluate the quality of methodologies being used. 

5. To define the gaps in knowledge. 

METHODS: 

A systematic review of the global literature on the quality of antibiotics was conducted 

according to PRISMA standards. Research objectives and methods were determined in advance 

in a protocol. Databases searched included Pubmed, Embase, Embase-Classic, Proquest, 

opengrey.eu, greylit.org, Google and Google scholar in English and French. The search included 

all articles available until September 1st, 2015. Articles in Chinese, French and Spanish found in 

this search were also included after translation by a native speaker and pharmacist. Medical 

Regulatory Agency (MRA) websites, along with those of other organizations involved with 

medicine quality, were identified through Google and reference list checking. Reference lists of 

included reports were examined to check for unfound reports. The search terms included for 

Pubmed and Embase were substandard, falsified, fake, spurious, “drug quality”, “medicine 

quality”, “pharmaceutical quality” as well as the API of every antibiotic in the Anatomical 

Therapeutic Chemical (ATC) classification (WHO Collaborating Centre for Drug Statistics 

Methodology, 2014). Different spelling and naming variations were included such as British 

approved names (BAN), alternative spellings (e.g cephalexin and cefalexin) and commonly used 

names (e.g penicillin V/G). For the rest of the databases (Proquest, opengrey.eu, greylit.org, 

Google, Google Scholar) the API names were replaced with ‘antibiotics’, ‘antimicrobials’ and 

‘anti-infective’. The full search strategy for Pubmed can be found in Appendix I. 

There was no limitation to the type of study. The inclusion criteria were: 

1. Reports of poor antibiotic treatment outcomes and side effects that question the 

quality of the medicine 

2. Studies describing tests to determine antibiotic medicine quality, discussing sampling 

methodology and pharmaceutical legislation 
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3. Studies that contain data from several locations are separated and included under each 

distinct location 

4. Case reports on antibiotic quality in the lay press (seizures, confiscations, recalls of 

antibiotics) 

The exclusion criteria: 

1. Studies with data from large areas or whole classes of medicines without specific 

location or medicine data. 

Before database searching began, a collection of 92 articles on antibiotic quality had 

already been gathered. These articles were used to pilot test the database and assess the variables 

of interest. 

Data was extracted into a Microsoft Access database. Antibiotic failure and pass rates 

were extracted along with data regarding sampling methodology, analysis, origin, and quality. 

The full list of variables included is in Appendix II.  

Samples were grouped by their Anatomical Therapeutic Chemical (ATC) third level, 

(First and second level: Anti-infectives for systemic use (J), Antibacterials for systemic use 

(J01)) (WHO Collaborating Centre for Drug Statistics Methodology, 2014). 

Samples that were stated as originating in a stringent regulatory authority (SRA) were 

noted. SRAs are countries that are: 

1. A member of the International Conference on Harmonization of Technical 

Requirements for Registration of Pharmaceuticals for Human Use (ICH) 

2. An observer of the ICH 

3. A country that is associated with an ICH member through an agreement 

(ICH, 2009) 

 

If a medicine failed any quality test it was deemed poor quality. Conversely, a medicine 

that passed all the tests it was subjected to was deemed good quality. However, as medicines are 
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rarely subjected to all the possible quality tests, it is only possible to judge them on the tests that 

were ran.   

RESULTS: 

A total of 1,675 papers were identified through database searching. 68 duplicate papers 

were removed resulting in 1,607 papers. After screening the titles and abstracts, 396 full text 

papers were retrieved. A total of 232 publications were found related to antibiotic quality (Figure 

1). Languages of papers included in the database were English, Spanish, French and Chinese. 

The date of publication ranged from 1985 to 2015. 87 publications were concerned with new 

techniques to analyze the quality of antibiotics and 100 publications described 377 surveys. A 

survey reports on the quality of an antibiotic API in a defined city, district or country. Of these, 

355 surveys (86 publications) provided details on the outcomes for each analysis technique the 

samples were subjected to. These 355 surveys (86 publications) were included in the quantitative 

analysis. The total number of samples included in the quantitative analysis is 8,641. The median 

number of samples per survey in the 86 publications was 5 (1-727). 
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Figure 1 – A flow chart illustrating the search procedure and inclusion  

 12 lay press publications were included in the database. 6 publications reported on MRA 

seizures of falsified antibiotics while 1 reported on a recall of a substandard antibiotic. 5 

publications were case reports of poor quality antibiotics  

Of the 100 publications that described survey reports on the quality of antibiotics in a 

defined location 67 (67%) used convenience sampling methods. Any mention of randomization 

was found in 20 (20%) of publications. However, evidence that the authors used true randomized 

selection of sample location was apparent in only 9 (9%) of publications. Since the medicine 

quality assessment reporting guidelines (MEDQUARG) were published in 2009, 4 out of 49 

(8.2%) publications have utilized them. 

69 (69%) of publications did not state when the surveys occurred. 

 Most samples were obtained from a combination of government and private outlets 

(Figure 2). In 11 (0.9%) surveys, 117 samples were collected explicitly from what was 

considered as illegal vendors. Of these 117, 65 (55.6%) samples failed at least one test with 37 

(31.6%) being falsified.  

                

Figure 2 – The percentage of surveys that obtained samples from each outlet type 
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The manufacturers’ name and country of origin (as stated on the package) was reported in 

17 (19.8%) publications. Only the manufacturers’ country of origin was reported in 29 (33.7%) 

publications. In total, 143 unique manufacturers from 41 countries were listed; 39 manufacturers 

were stated as being from countries with stringent regulatory authority. 

49 (49%) publications analyzed the samples in the country of collection with 1 (1%) 

conducting part of the analysis in the same country. 28 (28%) publications analyzed the samples 

in a different country than collection and 26 (26%) publications did not state where the analysis 

occurred. Samples that were analyzed in a different country were sent to Singapore, Lao, USA, 

England, India, The Netherlands, Australia, France, Thailand, Taiwan, Switzerland, Japan, 

Belgium, Vietnam, Canada and Estonia. 

Whether or not the samples had expired on the date of collection was not stated in 209 

(60.7%) surveys. In 2 (0.5%) surveys all samples had expired and in 1 (0.3%) survey some 

samples had expired. 

 In 84 (84%) publications it was not stated if the samples were registered in the country of 

collection.  

 No packaging analysis was reported in 85 (85%) publications. An analysis with an 

authentic comparison was reported in 4 (4%) publications, while 11 (11%) reported a non-

comparative packaging analysis. 

 Multiple pharmacopoeias were used in combination for the analysis and determination of 

quality in 147 (41.5%) surveys. The United States Pharmacopoeia (USP) was referenced in 208 

(58.8%) surveys followed by the British Pharmacopoeia (BP) in 183 (51.7%) surveys. The 

International Pharmacopoeia (IP) was used in 54 (15.3%) surveys, but 38 (10.7%) surveys did 

not specify the reference used. The results can be found in Figure 3. 
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 Figure 3 – The percentage of surveys that utilized each pharmacopoeia. Each survey can 

reference more than one pharmacopoeia.  

A total of 23 different analysis techniques were used with a median of 2 tests (1 - 6) per 

sample. 1,262 assays were recorded in the database. Content assays to determine the amount of 

API comprised 610 (48.3%) of the tests. Out of the 610 content assays, 309 (50.7%) were paired 

with a dissolution test. High performance liquid chromatography (HPLC) was the content assay 

performed in 146 (23.9%) content assays. 
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quantitative 

Mass spectrometry with liquid 

chromatography 

Content Assay (Quantitative) 

Near infrared spectroscopy Content Assay (Qualitative) 

Spectrophotometry Content Assay (Quantitative) 

Thin layer chromatography Content Assay (Semi-quantitative) 

Titration Content Assay (Quantitative) 

Truscan Raman spectrophotometer Content Assay (Qualitative)  

UV-spectrophotometer Content Assay (Quantitative) 

Antimicrobial susceptibility testing Content Assay (Semi- quantitative) 

Colorimetry Content Assay (Qualitative) 

Uniformity of mass To confirm consistent dosing between units 

(Quantitative) 

Disintegration Bioavailability (Quantitative) 

Dissolution Bioavailability (Quantitative) 

Filtration Check for microorganisms (Quantitative) 

Friability Ensure tablets can withstand mechanical 

force (Quantitative) 

Hardness Ensure tablets can withstand mechanical 

force (Quantitative) 

pH Assess pH level (Quantitative) 
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Sterility Check for microorganisms (Qualitative) 

Visual Inspection Examine dosage unit for imperfections and 

errors. Examine packaging and leaflets for 

errors to check for falsification 

(Qualitative) 

Impurity Ensure the medication does not contain 

high levels of impurities. (Quantitative) 

Content uniformity To confirm consistent dosing between units 

(Quantitative) 

  

Table 1 – Analytical tests reported in the literature  

 As shown in Figure 4, 7,362 (85.2%) samples were determined to be of good quality, 

although 2,933 (39.8%) samples determined to be of good quality had no packaging analysis. In 

total, 701 (8.1%) samples were reported as containing either too high or too low amount of API.  

Of these, 207 (29.5%) reported the actual amount of API each sample contained. 578 (6.7%) 

samples were reported as poor quality due to failing an assay not related to the amount of API 

contained. They either had an acceptable API content or their API content was not tested. The 

frequency of samples that reported the amount of API to be outside the 90-110% range is in 

Figure 5. Of samples that were reported as having either too low or too high an amount of API, 

93 (13.3%) also failed at least one additional quality test (dissolution, friability, etc.). 
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Figure 4 – The distribution of samples per quality category. Medicines classed as poor 

quality had no details about packaging or authenticity and therefore it was not possible to 

determine if they were falsified or substandard. 

 

Figure 5 – The frequency of samples that reported an amount of API that is outside the 

90%-110% range. The percentage of API reported was rounded to the nearest five percent. 319 

samples were reported with a percentage of API between 90.0% and 110.0%.  
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Sixteen different APIs, comprising 105 (1.2%) samples were found to be falsified (Table 

2).  

API Problem Reported 

Amoxicillin No API, wrong API (diphenyhydamine) 

Ampicillin No API, wrong API (diphenyhydamine, 

tetracycline) 

Ampicillin-cloxacillin Not detailed 

Bacitracin-neomycin Not detailed 

Cefalexin Not detailed 

Cefixime Not detailed 

Chloramphenicol No API, wrong API (tetracycline) 

Chlortetracycline No API 

Ciprofloxacin No API 

Clarithromycin Not detailed 

Co-trimoxazole No API, low API, wrong API (paracetamol) 

Doxycycline Not detailed 

Erythromycin No API 

Gentamicin Not detailed 

Penicillin, not specified Wrong API (not detailed) 

Tetracycline No API 
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Table 2 – List of each API that was reported falsified with any reported data on its 

analysis 

The formulation of the antibiotics was reported for 2,444 (28.3%) samples (Table 3). Of 

the total samples reported with the formulation type given, 1,232 (50.4%) were tablets and 655 

(26.8%) were capsules.  

Formulation % of total samples (N) % of samples failed (N) 

unknown 71.7% (6,197) 9.8% (607) 

tablet  14.3% (1,232) 22.4% (276) 

capsule  7.6% (655) 37.9% (248) 

suspension 2.7% (233) 23.6% (55) 

injection  2.4% (211) 23.2% (49) 

dry powder 0.1% (66) 30.3% (20) 

bottle syrup 0.0% (31) 38.7% (12) 

ointment  0.0% (12) 0.0% 

drops 0.0% (4) 0.0% 

total 100% (8,641) 14.7% (1267) 

 

Table 3 – The reported formulation of all samples.  

The distribution of samples grouped by their ATC third level is shown in Table 4 (WHO 

Collaborating Centre for Drug Statistics Methodology, 2014). 
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ATC third level  % of total samples (N) % samples failed (N) 

Beta-Lactam Antibacterials, Penicillins 34.2% (2,954) 18.1% (535) 

Tetracyclines 16.2% (1,400) 10.1 % (141) 

Quinolone Antibacterials 14.6% (1,259) 7.5% (95) 

Sulfonamides and Trimethoprim 14.2% (1,225) 19.3% (236) 

Macrolides, Lincosamides and Streptogramins 8.1% (700) 12.4% (87) 

Amphenicols 4.5% (385) 9.4% (36) 

Other Beta-Lactam Antibacterials 4.2% (360) 15.6% (56) 

Other Antibacterials 3.5% (302) 23.8% (72) 

Aminoglycoside Antibacterials 0.1 % (45) 20.0% (9) 

Combinations of Antibacterials 0.0% (6) 0.0% 

Antimycobacterials 0.0% (5) 0.0% 

Total 100% (8641) 14.7% (1267) 

 

Table 4 – Samples grouped according to the ATC classification system and their failure 

frequency 

 There were 49 unique APIs included in the review with seven different APIs prescribed 

in combination (co-formulated or co-blistered). Amoxicillin, 1,395 (16.1%), tetracycline 1,332 

(15.4%), ciprofloxacin 1,197 (13.9%) and ampicillin 1,078 (12.5%) comprised 5,002 (57.9%) 

samples. APIs with greater than 100 samples are shown in table 5. 
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API name % of total samples (N) % samples fail (N) 

Amoxicillin  16.1% (1,395) 13.6% (190) 

Tetracycline 15.4% (1,332) 8.8% (117) 

Ciprofloxacin 13.9% (1,197) 6.1% (73) 

Ampicillin 12.5% (1,078) 21.3% (230) 

Trimethoprim 7.1% (613) 20.6% (126) 

Sulphamethoxazole 7.1% (612) 18.0% (110) 

Erythromycin 7.0% (600) 10.3% e62) 

Chloramphenicol 4.5% (385) 9.4% (36) 

Metronidazole 3.2% (277) 24.9% (69) 

Cloxacillin 2.2% (190) 27.4% (52) 

Ceftriaxone 1.8% (158) 23.4% (37) 

Phenoxymethylpenicillin 1.6% (134) 5.2% (7) 

  

Table 5 – All APIs reported with greater than 100 samples and their failure frequency 

 

APIs with less than 100 reported samples: Clarithromycin (98), Cefixime (71), Cefalexin 

(62), Benzyl Penicillin (54), Penicillin, not specified (54), Doxycycline (48), Gentamicin (47), 

Levofloxacin (35), Meropenem (35), Cefuroxime (32), Flucloxacillin (25), Clavulanic acid (21), 

Ofloxacin (21), Vancomycin (21), Procaine benzylpenicillin (19), Cefadroxil (9), Norfloxacin 

(9), Cefadroxil (9), Streptomycin (8), Sulbactam (7), Orindazole (6), Dapsone (5), 

Oxytetracycline (5), Cefaclor (4), Cefpodoxime (4), Ceftazidime (4), Benzathine 
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benzylpenicillin (2), Cefazolin (2), Cefotaxime (2), Kanamycin (2), Neomycin (2), 

Roxithromycin (2), Chlortetracycline (1), Nalidixic acid (1), Pefloxacin (1), Tinidazole (1). 

In total, there were 53 countries with surveys in the literature (Table 6). 

Country # of surveys  

Kenya 103 

Nigeria 38 

Cambodia 30 

Myanmar/Burma 19 

Ghana 18 

India 18 

Burkina Faso 14 

Tanzania 14 

Lao People's Democratic Republic 9 

Pakistan 9 

Chad 7 

Thailand 7 

Cameroon 6 

Indonesia 6 

Madagascar 6 
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Peru 6 

Vietnam 5 

Mexico 4 

Senegal 4 

Sudan 4 

China 3 

Cote d Ivoire 3 

Papua New Guinea 3 

Rwanda 3 

United Kingdom 3 

Bangladesh 2 

Belgium 2 

Canada 2 

Democratic Republic of Congo 2 

Ethiopia 2 

Guatemala 2 

Philippines 2 

Brazil 1 

Chile 1 
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Colombia 1 

Costa Rica 1 

El Salvador 1 

Guinea 1 

Israel 1 

Malawi 1 

Mali 1 

Nepal 1 

Niger 1 

Oman 1 

Poland 1 

Russia 1 

Slovakia 1 

Slovenia 1 

Turkey 1 

Uruguay 1 

USA 1 

Yemen 1 

Zimbabwe 1 
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Table 6 – The number of surveys for each country.  

Asia and Africa were the most sampled regions, contributing 5,446 (63.0%) and 2,992 

(34.6%) samples (Figure 6). 

 

Figure 6 – The total samples that passed and failed in each region. 

Data was found for five countries from West Africa, a region notorious for poor quality 

medicines (Figure 6). The mean failure rate was 44.0% (375) out of 848 samples. 
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Figure 6 – All samples reported from West Africa countries and their failure frequency 

DISCUSSION: 

The data gathered supports the contention that medicine quality research generally is 

conducted with poor sampling design and little to no standardization. Convenience sampling is 

prone to bias as the data can be greatly influenced by the investigators’ choice of which outlets to 

sample. Furthermore, convenience sampling cannot estimate prevalence with confidence 

intervals but can only identify an area that may have a problem. It should be used as a starting 

point, not the main method of collecting objective data. Random sampling with an adequate 

sample size should be used to identify the prevalence of poor quality medicines yet only 9.0% of 

publications used random sampling. The median sample size was determined to be 5, which is 

inadequate.  

There are reasons why most studies are not of sufficient size and use convenience 

sampling. Firstly, assays on medicines can be expensive and convenience sampling is a cheaper 

alternative to randomized sampling (Newton et al., 2009). Furthermore, randomized sampling is 

more complicated than convenience sampling. For randomized sampling a list of all the 

pharmacies in a location is needed to randomly select those to sample. In areas where medicine 
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quality research is being done (primarily Africa and Asia) these lists are often incomplete or not 

accessible and only include registered pharmacies and not informal outlets or mobile vendors. 

Indeed, in many places in Africa and Asia it is common to buy medicines without a prescription 

and in illegal markets (Okeke & Lamikanra, 1995; Sow et al., 2002). It would be very difficult to 

perform true randomized selection reflecting what people buy in communities where it is 

common to purchase from illegal vendors/markets. It is alarming that 80% of publications had no 

mention of randomization in their methods. Guidelines for conducting medicine quality surveys 

have been created. Standardization is important as it allows comparisons between studies to be 

made much easier.  

The medicine quality assessment reporting guidelines (MEDQUARG) were published in 

2009. The guidelines detail how medicine quality surveys can be conducted and reported 

properly and they come with a 26-point checklist (Newton et al., 2009). MEDQUARG can 

provide the standardization necessary to increase the quality of data yet since their inception only 

8.2% of studies were found to have utilized them.  These guidelines have been adapted for a 

WHO report that will hopefully increase their frequency of use (World Health Organization, 

n.d.) 

Lack of standardized methods and reporting were evident when assessing the reported 

sampled outlet types. This is a variable that would greatly benefit from having standardized 

options and reporting guidelines. For this review nine groupings were created from the dozens of 

outlet types reported in the papers. The description of outlets that were reported in the papers 

were often ambiguous and rarely contained a definition. For example one paper’s description of 

the outlets that were sampled consisted of: “We have purchased different brands of doxycycline 

hyclate capsules (USP) of 100 mg from the local market” (Naveed & Waheed, 2012). There is no 

definition or elaboration of what is meant by ‘local market’. Local markets vary greatly in terms 

of the types of outlets and supply chains feeding into them.  Although clear definitions of the 

outlets were not common in the literature, Risha et al. (2002) provide an example of adequately 

describing the outlets:  

 

“The drugs were sampled in Dar es Salaam from two sources: the Tanzanian Medical 

Stores Department (MSD) and 10 registered pharmaceutical wholesalers. The MSD is an 
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autonomous body that imports and distributes drugs to all Government health facilities in 

the country… Both the MSD and the wholesalers are multisource importers of 

pharmaceuticals.” 

 

Many papers state the outlet types sampled in the methodology but combine the data in 

the results and discussion making a distinction between different outlet types impossible. 

Reporting the data separately for each outlet is important as different outlets (public, private, 

NGO) and different levels in the distribution chain (wholesaler versus pharmacy) often source 

medicines from different supply chains and interventions for each will inherently be different. In 

Prazuck et al. (2002) the description of outlets sampled in the methods is:  

“The drug retailers were identified from the registration list provided by the Township 

Health Office. This list included the three following types of establishments involved in 

the sales of drugs: drug stalls, private clinics run by general practitioners (GPs), and the 

hospital pharmacy. In addition to the hospital’s pharmacy, 5 of the 41 drug stores and 5 

of the 40 GPs registered were randomly selected from the list.” 

 Prazuck et al. (2002) specify each of the outlets that they sampled medicines from but do 

not distinguish between the outlets in the results: 

 

It is important to note that when discussing the samples’ stated manufacturer and country 

of origin, without performing packaging analysis or confirmation of the packaging with the 

manufacturer it is possible that samples could be falsified. Criminals who produce falsified 
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medicines have become very adept at making their products look genuine. They are able to 

mimic, with varying degrees of accuracy, everything from leaflets, packaging and complex 

holograms. Unless samples were determined to be falsified they are assumed to be from the 

manufacturer and country stated. Overall, the reporting of the name of the stated manufacturer of 

samples was very poor. Only one third of publications reported the country of origin and only 

19.8% reported the name of the stated manufacturer and the country of origin. In total, 1,002 

samples (11.6% of total) had the country of origin stated. Due to the lack of reporting of these 

key variables in the literature it is difficult to reach conclusions from the data. The limited 

amount of data available are spread between multiple manufacturers, countries and APIs. 

Therefore each manufacturer, country and API is represented by a small number of samples with 

the relevant information. The data available are of insufficient number and quality to reach firm 

conclusions, especially when compared to the mass production and enormous global trade of 

antibiotics. 

In this review, samples were stated to have been produced from 28 different SRAs. These 

are countries that have strong domestic regulations monitoring their pharmaceutical industry, 

such that manufacturers operating in these countries are assumed to produce good quality 

medicines. Members include: All countries in the European Union, the United States, Japan, 

Switzerland, Canada, Australia, Norway, Iceland and Liechtenstein (ICH, 2009). However, due 

to small sample sizes this included only 89 samples; 89 samples from 28 different countries yield 

insufficient data to make any inferences.  

One of the most important functions of a country’s medical regulatory agency (MRA) is 

the registration of medicines that are permitted to be sold within that nation. Medicine 

registration is a key function for ensuring quality. Medicines that are not registered are more 

likely to be of poor quality (Bate, 2012). Any survey of medicine quality should note whether the 

samples are registered with the local MRA yet the majority of surveys (84.0%) do not state this. 

There were many reported instances of samples being sent to a country different from 

that in which the samples were collected for analysis. The best-case scenario would be if samples 

were analyzed quickly after collection without having to be sent elsewhere. The longer it takes to 

analyze samples after collection increases the chance of degradation. Furthermore, traveling long 
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distances can subject samples to temperature fluctuations, humidity fluctuations and rough 

handling which could all have negative effects on a sample’s quality. However, many countries 

do not have certified laboratories for testing or they are heavily burdened. Lon et al. (2006) used 

a methodology where the samples were tested at 3 separate locations and times. The samples 

were collected in Cambodia and tested at sentinel sites using the portable Global Pharma Health 

Fund Minilab. The samples were then sent to the national laboratory in Cambodia and verified 

with thin layer chromatography. Finally, selected samples were sent to either the Bureau of Drug 

and Narcotics Lab in Thailand, The National Institute of Drug Quality in Vietnam or The United 

States Pharmacopoeial laboratory in the United States. These methods for analysis provide a 

balance of benefits between local, punctual testing and the ability to utilize state of the art 

laboratories in foreign countries. This method is in contrast to that of Bate et al. (2006) who first 

sent samples to the United States for preliminary spectrometry, then to India for disintegration 

and finally sent to the United Kingdom for thin layer chromatography. The movement of 

samples from the United States to India and then to the United Kingdom seems unnecessary and 

complicated and could have a meaningful impact on the tests results. The authors acknowledged 

that the change of location could impact the results and cautioned that the results of the study 

should be indicative only.  

Packaging analysis is critical to determine if medicines are falsified, substandard or 

genuine. Without packaging analysis it is only possible to determine whether the sample passes 

the chemical assay and quality tests. Medicines that pass all chemistry tests could still be 

falsified. Determining whether medicines are genuine or poor quality is critical. If poor quality 

medicines are found there may be different solutions depending on if they are substandard, 

degraded, or falsified. If substandard medicines, due to factory error, are found it will be 

necessary to examine the manufacturing plant and determine if they are following good 

manufacturing practices (GMP) and what led to the error. If falsified medicines are found 

national/police officials will need to investigate their trade routes and origin of manufacturer and 

act to close these down. International liaison is vital. The majority of papers in the literature, 

85.0%, did not report any packaging analysis, therefore for the majority of samples it is not 

possible to determine whether they are falsified or genuine.  
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 High performance liquid chromatography is currently the gold standard assay for 

medicine quality but was used in only 23.9% of all assays (Fadeyi, Lalani, Mailk, Van Wyk & 

Kaur, 2015). However, containing the correct amount of API is not the only key factor for 

medicine quality. Depending on the API and the excipients used, the release and absorption of 

the API in the gastrointestinal tract or after intramuscular injection could be suboptimal. In vivo 

bioequivalence testing is the optimal technique to determine the bioavailability of a medicine. As 

a surrogate for this, in vitro bioavailability tests, such as dissolution and disintegration, are used 

as an economical substitute for in vivo tests (Fahmy & Abu-Gharbieh, 2014).  

Friability and hardness tests are important quality control tests for tablets. From the time 

tablets are produced to when they reach the end user they must keep their integrity and not break 

off into pieces. The journey medicines take from production to consumption often spans the 

globe and entails long shipments on boats and in trucks. If pieces chip away from tablets they 

will not contain the correct amount of API.   

 Pharmacopoeias are reference books containing information on how to identify and 

assess medicines. They contain monographs for each API that gives details on how to test the 

APIs and what the acceptable values are for each test. There are at least 30 national 

pharmacopoeias plus the European, African and International Pharmacopoeia (World Health 

Organization, 2013). Whether a medicine is deemed good or poor quality can greatly depend on 

the pharmacopoeia that is referenced. Differences in acceptability can arise from different testing 

procedures and different acceptable specifications.  When an unusual amount of amoxicillin 

samples failed dissolution testing, Okumura et al. (2010) tested samples with the procedures 

from both USP 28 and USP 30. The pass rates for the two dissolution procedures were 8.6% 

versus 97.1%, respectively. There have been efforts to standardize testing procedures such as the 

International Pharmacopoeia, the European Pharmacopoeia, and the African Pharmacopoeia 

(World Health Organization, 2013).  

Table 7 shows the acceptable API content range for the USP and BP published in 2014 

and 2013, respectively, for the four APIs with the most samples found in this review. The 

acceptable levels of API content are dramatically different and therefore many samples that are 

determined to be good quality according to USP standards would be determined to be poor 
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quality according to BP standards. It is also of note that the acceptable content ranges, especially 

for USP, are quite streamlined. For all of the APIs the minimal content that is accepted in USP is 

90.0% while the maximums are 110.0%, 120.0% or 125.0%. The limits are all multiples of five. 

This suggests that the acceptable ranges are more of a guess than scientifically validated and the 

evidence base that has informed pharmacopeia limits is not evident. The limit of the minimum 

amount of API should be that which completely eliminates the pathogen while not engendering 

resistance. The maximum allowed API content should ensure that toxicity does not occur. If the 

APIs were scientifically tested to ensure these conditions it is very unlikely they would result in 

ranges such as 90.0% -120.0% or in symmetrical ranges. For the BP, it is of note that there is less 

tolerance to having an API content too high than too low. While it is important to not overdose, 

creating adverse reactions, contemporary dosing has been focused on clinical efficacy and 

already tends to result in drug concentrations within the mutant selection window (MSW) 

(Abdul-aziz, Roberts, Lipman, Mouton, & Hope, 2015; White et al., 2009). The mutant selection 

window is a range antibiotic concentration that will engender drug resistant bacteria (Abdul-aziz, 

Roberts, Lipman, Mouton, & Hope, 2015). Its lower limit is the minimum inhibitory 

concentration (MIC) and the upper limit is the mutant protection concentration (MPC). In a 

bacteria colony there will be bacteria that have varying levels of susceptibility to an antibiotic. 

The MIC is defined as the lowest drug concentration that inhibits the growth of a colony (Nielsen 

& Friberg, 2013). The MPC is the MIC of the least susceptible mutant in a colony; these are the 

most drug resistant mutants in a colony and drug concentrations above the MPC will prevent 

resistance (Abdul-aziz et al., 2015). Because contemporary dosing trends may lead to 

concentrations in the MSW, an antibiotic having less than the stated API content is likely to be a 

more important issue, both for individual patients and the community, than having more than the 

stated amount. Having more than the stated amount of API may push drug concentrations above 

the MPC protecting against resistance, but with a potential increased risk of adverse events, 

depending on the API therapeutic index. 

API name  USP 2014 acceptable 

API content range 

(tablets and capsules) 

BP 2013 acceptable 

API content range 

(tablets and capsules) 
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Amoxicillin  90.0% – 120.0% 95.0% – 102.0% 

Tetracycline 90.0% – 125.0% 95.0% –  102.0% 

Ciprofloxacin 90.0% – 110.0% 98.0 – 102.0% 

Ampicillin 90.0% – 120.0%  96.0- 102.0%  

 

Table 7 – The acceptable ranges for API content according to the USP and BP 

 

Figure 7 – Graph illustrating the mutant selection window on a drug concentration versus 

time plot. In area A no resistant bacteria will occur as there is not enough selective pressure from 

the drug. In area B the most susceptible bacteria’s growth will be inhibited creating a selective 

pressure for resistant mutants. In area C the drug concentration is high enough that the least 

susceptible bacteria’s growth will be inhibited (Abdul-Aziz et al., 2015). 
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Making the current situation even more confusing and uncertain, some surveys (Bate et 

al., 2009) also utilized their own bespoke acceptable ranges- such as any sample containing 

greater than 80% of the stated content passes and 90.0% - 110.0% of the stated content passes.  

 The World Health Organization regularly publishes the WHO Essential Medicine List 

(WHO EML). The WHO EML contains a list of the minimal medicines required for a basic 

health-care system.  Table 8 lists all of the antibiotics in the current WHO EML and the number 

of samples found in the literature (World Health Organization, 2015). Even the API with the 

largest amount of samples, amoxicillin, had only 1,395 samples; 1,395 reported samples for the 

entire globe is startlingly low.  

INN International Non-Proprietary 

Name (APIs) 

# of samples  % of 

samples 

failed 

# of surveys 

Amoxicillin 1395 13.6% 50 

Ciprofloxacin 1197 6.1% 24 

Ampicillin 1078 21.3% 40 

Sulfamethoxazole + trimethoprim 612 21.1% 35 

Erythromycin 600 10.3% 16 

Chloramphenicol 385 9.4% 15 

Cloxacillin 190 27.4% 14 

Ceftriaxone 158 23.4% 11 

Phenoxymethylpenicllin 134 5.2% 5 

Clarithroymcin 98 25.5% 20 
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Cefixime 71 7.0% 4 

Cefalexin 62 11.3% 4 

Benzylpenicillin 54 38.9% 11 

Doxycycline 48 35.4% 9 

Gentamicin 33 21.2% 10 

Amoxicillin + clavulanic acid 21 24% 3 

Vancomycin (complementary) 21 14.3% 3 

Ceftazidime (complementary list) 4 0.0% 2 

Benzathine benzylpenicillin 2 0.0% 2 

Cefazolin 2 0.0% 1 

Cefotaxime (complementary list) 2 0.0% 1 

Procaine benzylpenicillin 1 0.0% 1 

Clindamycin (complementary) 0 N/A 0 

Imipenem+cilastatin 

(complementary) 

0 N/A 0 

Nitrofurantoin 0 N/A 0 

Spectinomycin 0 N/A 0 

 

Table 8 – The 26 antibiotics on the World Health Organizations Essential Medicines List 

with the number of reported samples found in the literature. 
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In 2010, the estimated global antibiotic consumption was 73,620,748,816 dosage units, a 

36% increase from 2000 (Van Boeckel et al., 2014). While antibiotic consumption has been 

mostly stable in high income countries it has been substantially increasing in developing 

countries, the countries where antibiotic quality is most suspect. Consumption of carbapenems 

and glycopeptides, last-resort antibiotics, are increasing yet there were less than 30 total samples 

combined in the literature (Van Boeckel et al., 2014).  

As shown in Figure 8, large sections of the globe have no available reports on antibiotic 

quality. Most concerning is that 35 out of the 54 (64.8%) African countries and 12 out of 21 

(57.1%) Central and South American countries have no surveys on antibiotic quality. Many of 

the countries, 21 out of 53 (39.6%), have only one survey reported. With so many areas reporting 

little to no data, inferences on the global quality are difficult.  
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 Figure 8 – The number of surveys reported for each country 

 Antibiotics are also widely used in veterinarian medicine as well as in livestock feed. 

Evaluating the quality of antibiotics used in these fields is necessary future step. Poor quality 

antibiotics used in these fields could also contribute to resistance ultimately affecting humans 

 There are important limitations to note. MRAs and pharmaceutical companies both 

collect and test large quantities of antibiotics around the world. However, these data are usually 

unpublished and inaccessible for various reasons including, due to fears that it will have negative 

effects for brand name pharmaceuticals (Cockburn, Newton, Agyarko, Akunyili & White, 2005). 

While Spanish, French and Chinese articles were included in the database there are likely to be 

more articles in these and other languages as the databases searched are not primarily in these 

languages. Searching in language specific databases, such as the search engine “Baidu” for 

Chinese, would be likely to uncover more articles. 

CONCLUSION: 

There is a great need for more research on the quality of medicines and specifically 

antibiotics. Standardization of methods and reporting is necessary to consistently produce good 

quality research as well as to allow for comparability between studies. There are huge areas of 

the world with little to no data and many APIs with little to no data. A greater understanding of 

the epidemiology of the quality of antibiotics will be vital to inform modeling of their 

consequences on both individual patient outcome and drug resistance for specific antibiotic-

pathogen combinations. 
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APPENDIX I – Search strategy for Pubmed 

(substandard OR falsified OR counterfeit OR fake OR spurious OR “drug quality” OR 

“medicine quality” OR “pharmaceutical quality”) AND (antibacterial* OR antibiotic* OR 

antimicrobial* OR demeclocycline OR doxycycline OR chlortetracycline OR lymecycline OR 

metacycline OR oxytetracycline  OR tetracycline OR minocycline OR rolitetracycline OR 

penimepicycline OR clomocycline OR chloramphenicol OR thiamphenicol OR ampicillin OR 

pivampicillin OR carbenicillin OR amoxicillin OR carindacillin OR bacampicillin OR epicillin 

OR pivmecillinam OR azlocillin OR mezlocillin OR mecillinam OR piperacillin OR ticarcillin 

OR metampicillin  OR talampicillin  OR sulbenicillin  OR temocillin  OR hetacillin  OR 

aspoxicillin  OR benzylpenicillin  OR phenoxymethylpenicillin  OR propicillin  OR azidocillin 

OR pheneticillin  OR penamecillin  OR clometocillin  OR “benzathine benzylpenicillin” OR 

“procaine benzylpenicillin” OR “benzathine phenoxymethylpenicillin” OR dicloxacillin OR 

cloxacillin OR methicillin OR oxacillin OR flucloxacillin OR nafcillin OR sulbactam OR 

tazobactam OR sultamicillin OR cefalexin OR cefaloridine OR cefalotin OR cefazolin OR 

cefadroxil OR cefazedone OR cefatrizine OR cefapirin OR cefradine OR cefacetrile OR 

cefroxadine OR ceftezole OR cefoxitin OR cefuroxime OR cefamandole OR cefaclor OR 

cefotetan OR cefonicid OR cefotiam OR loracarbef OR cefmetazole OR cefprozil OR ceforanide 

OR cefminox OR cefbuperazone OR cefotaxime OR ceftazidime OR cefsulodin OR ceftriaxone 

OR cefmenoxime OR latamoxef OR ceftizoxime OR cefixime OR cefodizime OR cefetamet OR 

cefpiramide OR cefoperazone OR cefpodoxime OR ceftibuten OR cefdinir OR cefditoren OR 

cefcapene OR cefepime OR cefpirome OR cefozopran OR aztreonam OR carumonam OR 

meropenem OR ertapenem OR doripenem OR biapenem OR “ceftobiprole medocaril” OR 

“ceftaroline fosamil” OR “faropenem” OR trimethoprim OR brodimoprim OR sulfaisodimidine 

OR sulfamethizole OR ulfadimidine OR sulfapyridine OR sulfafurazole OR sulfanilamide OR 

sulfathiazole OR sulfathiourea OR sulfamethoxazole OR sulfadiazine OR sulfadimethoxine OR 

sulfalene OR sulfametomidine OR sulfametoxydiazine OR sulfamethoxypyridazine OR 

sulfaperin OR sulfamerazine OR sulfaphenazole OR erythromycin OR spiramycin OR 

midecamycin OR oleandomycin OR roxithromycin OR josamycin OR troleandomycin OR 

clarithromycin OR azithromycin OR miocamycin OR rokitamycin OR dirithromycin OR 

flurithromycin OR telithromycin OR clindamycin OR lincomycin OR pristinamycin OR 

quinupristin OR dalfopristin OR streptomycin OR streptoduocin OR tobramycin OR gentamicin 
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OR kanamycin OR neomycin OR amikacin OR netilmicin OR sisomicin OR dibekacin OR 

ribostamycin OR isepamicin OR arbekacin OR bekanamycin OR ofloxacin OR ciprofloxacin OR 

pefloxacin OR enoxacin OR temafloxacin OR norfloxacin OR lomefloxacin OR fleroxacin OR 

sparfloxacin OR rufloxacin OR grepafloxacin OR levofloxacin OR trovafloxacin OR 

moxifloxacin OR gemifloxacin OR gatifloxacin OR prulifloxacin OR pazufloxacin OR 

garenoxacin OR sitafloxacin OR rosoxacin OR nalidixic acid OR piromidic acid OR pipemidic 

acid OR oxolinic acid OR cinoxacin OR flumequine OR vancomycin OR teicoplanin OR 

telavancin OR dalbavancin OR oritavancin OR colistin OR “polymyxin B” OR “fusidic acid” 

OR metronidazole OR tinidazole OR ornidazole OR nitrofurantoin OR nifurtoinol OR furazidin 

OR fosfomycin OR xibornol OR clofoctol OR spectinomycin OR methenamine OR “mandelic 

acid” OR nitroxoline OR “linezolid daptomycin” OR bacitracin OR macrolide* OR tetracycline* 

OR Beta-Lactam* OR Sulfonamide* OR lincosamide* OR streptogram* OR aminoglycoside* 

OR Quinolone* OR “penicillin V” OR “penicillin G” OR co-amoxiclav OR Co-fluampicil OR 

Co-trimoxazole OR cephalexin OR cephaloridine OR cephalothin OR cephazolin OR cephapirin 

OR cephradine OR cephacetrile) 
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APPENDIX II – Variables extracted into database 

Publication title 

Authors 

Year published 

Month published 

Publisher  

Publication type 

Publication URL  

Location of seziure 

Usage of MEDQUARG guidelines 

Definition of drug quality  

Start/end date of survey 

Sampling type 

Comments on randomization/sampling 

Any mention of randomization 

Location of survey 

API name 

Number of samples 

Sample unit 

Drug quality category reported 
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Packaging anaylsis 

Outlets were samples were obtained from 

Are samples registered? 

Are samples expired? 

Where did the laboratory analysis occur? 

Was local MRA informed? 

Pharmacopoeia referenced 

Sample’s country of origin 

Manufacturer name 

Analysis techniques ran/result of technique 

Sample’s percent of labeled API 

Other APIs in a sample than what is labeled 
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