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Abstract: Medicine quality and methods for its assessment play a major role in the effectiveness of therapies and the treatment of
many infectious diseases. However, poor-quality and/or falsified products are circulating in huge amounts in many low- and middle-
income countries and are one of the major reasons why more and more resistant bacteria emerge. The development of resistance is
additionally triggered by a plethora of antibiotic medicines which is easily available through pharmacies and unofficial sources. The
uncontrolled overuse of these products is a huge problem not only in single countries but worldwide. In this review, we aim to
demonstrate the factors which are involved in an emerging resistance development and how strong regulatory authorities, routine
quality control by means of proficiency testing, and post-marketing surveillance as well as training personnel and patients can be
combined to curb the problem.
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Introduction

Emerging Resistance to Antimicrobial Therapies is a Global Concern

Antimicrobial resistance (AMR) is a growing and severe problem in almost every country of the world. It is estimated
that by 2050, approximately 10 million people will die from infections which are due to antibiotic resistant bacteria
(ARB).! Several reasons can be given, such as the overuse of antibiotics in the clinical and agricultural environment as
well as the release of antimicrobial compounds into the ecosystem upon manufacturing, especially in Asian countries
where most of the used raw materials are produced.” The spread of ARB and the mobility of corresponding antimicrobial
resistance genes (ARG) accelerates the dissemination between humans, animals, air, soil, water, and food. However,
beside these well-known mechanisms, a poor quality of antibiotics may also have an important impact on the develop-
ment of resistance, particularly if an antimicrobial drug is underdosed or the tablet does not properly release the active
pharmaceutical ingredient (API).

Resistance to common antimicrobial chemotherapy is a globally growing concern which is observed not only in low-
and middle-income countries (LMIC) but also in more and more parts of the industrialized world.* Already in 2011,
AMR was declared as “a ticking time bomb (...) for the world” by Prof. Dame Sally Davies, UK Chief Medical Officer,
who warned that the “apocalyptic scenario of widespread antimicrobial resistance does not become a reality”.” A large
number of publications thoroughly discussing the problem can be found, e.g., contributions from the UK Government,
the European Centre for Disease Prevention and Control in cooperation with the European Medicines Agency, or articles
published in scientific journals.®® Careful diagnosis, rational prescription and prevention of antibiotic overuse, and
ensuring access to high-quality pharmaceuticals are anticipated within all of them. The latter is of particular interest as
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a huge numbers of patients, particularly in LMICs, are permanently exposed to highly dangerous falsified, substandard,

or contaminated medicines.”!°

Substandard Medicines

The World Health Organization (WHO) defines substandard products as being “out-of-specification” and “authorized
medical products that fail to meet either their quality standards or specification, or both.”'" A great variety of aspects
defining “substandard” may appear on the level of the raw API, because it could either contain too many potentially toxic
impurities, and/or the drug compound is not stable upon storage. Both result in a lower content than required by
international pharmacopeias such as the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), the
British Pharmacopoeia (BP), or the International Pharmacopoeia (IP). Table 1 summarizes typical examples of quality
deficiencies, illustrating a complex scenario of possible quality failures.

The shelf-life — and thus, eventually the quality and efficacy — of a distinct drug product can also be reduced by long-
term chemical reactions and interaction of APIs with excipients used in the finished products (FPs). An even worse
situation would be a chemical reaction of the API with highly reactive degradation products of excipients, e.g.,
hydroperoxides of polyethylene glycols which may oxidize amines.

Furthermore, the incomplete release of the drug from the FP (“dissolution”) can also be a critical issue which is often
observed in drugs collected in Sub-Saharan Africa: although the tablets actually contain the declared amount of the
correct API, only a very low amount or no substance at all is being released from the respective dosage form upon
intake.'>'? Such tablets must be regarded as completely ineffective.

Finally, in many cases, completely different APIs than the declared one(s) have been found, producing severe or even
lethal side effects as observed with fever syrups, injectables, pediatrics, or herbal medicine.'* Those FPs can be regarded
as falsified.

Table | Quality Attributes Determining the Efficacy and Safety of Medicines

Quality Attribute Consequence

Concerning API

No API is present Underdosing, no effect of therapy

API is present but at a very low level

Wrong API is present Intoxication, no effect of therapy, side effects

Concerning impurities

Known impurities are present at elevated levels Reduced efficacy due to reduced API content, toxic side effects

Unknown impurities are present

Concerning visual appearance

Packaging is falsified Product could be falsified which is difficult to determine without genuine reference

] samples
Tablets or capsules have a different appearance

Concerning release of the API

Tablets or capsules do not disintegrate No or reduced therapeutic effect

Chemical reactions between API and excipients

Degradation due to inappropriate packaging (humidity, light,
oxygen)

828 hetps: Risk Management and Healthcare Policy 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Hoellein et al

Methods for Detecting Poor-Quality Medicine

Routine evaluation of medicine quality is a proven course of action for ensuring efficacy and safety, not only in the field
of chemotherapeutics. A broad spectrum of sensitive analytical technologies is available which allows the qualitative and
quantitative evaluation of raw materials and the respective FPs.'>"'® However, not all methods are suitable for routine use
in LMICs: the limited applicability of modern state-of-the-art instrumentation and the growing complexity of pharma-
copoeial methods poses significant challenges to local testing laboratories and eventually obstructs embracive testing
activities.'”'®

Enabling routine medicine quality control in resource-limited settings has been piloted by inventing and implement-
ing simple, stand-alone mobile testing kits such as the “GPHF Minilab®.” It makes use of simple thin-layer chromato-
graphic tests and has rapidly gained wide acceptance as a risk-based screening tool in tiered approaches for more than
100 APIs and/or finished products, especially antibiotics and antiviral drugs. Despite being an undoubtedly helpful
invention for quickly identifying grossly substandard samples, its validity has become questionable, and accuracy as well
as reproducibility have been discussed several times.'’

Portable instruments based on vibrational spectroscopy (near infrared, Raman) have additionally gained recent
attention and are considered to be ideal techniques for rapid qualitative determinations “in the field” because no further
equipment or chemicals are required and the methods are non-destructive. However, the extracted information is limited
and for example not suitable for determining the impurity profile of a sample.*

Assessing the most important quality attributes of APIs and FPs, i.c., assaying the content and determining and
quantifying impurities, can be done by various methods. The one still considered as the gold standard in pharmaceu-
tical analysis is high performance liquid chromatography (HPLC). It allows the separation and quantification of the
respective compounds and is being applied in almost all contemporary monographs of the major pharmacopoeias.
Nevertheless, it is difficult to routinely implement HPLC in the majority of LMICs because HPLC systems are highly
sensitive, expensive devices which demand a sophisticated laboratory setup. Insufficient infrastructural variables such
as inadequate power supply, difficult availability of consumables, expensive prices for spare parts, missing air
conditioning, or lacking technical support services make it very tedious to install and operate such apparatus on
a routine basis. It can also be used for determining the disintegration and dissolution profile according to the major
pharmacopeias (paddle method, etc.) which are critical parameters as described before. Various solutions have been
presented so far.?! Developing simple and very robust methods which can be run even on quite simple equipment is

a concept which was anticipated before, e.g., for enabling the quality analysis of common antimalarial medicines.***®

Qualification of Laboratories and Establishment of Standards
To overcome the challenges and limitations of quality control, the WHO is continuously establishing and expanding
a network of so-called “WHO Prequalified Laboratories”, and almost 60 institutions from different countries worldwide
had already been identified as compliant as of September 2020.>* An interesting feature of this system is the publication
of “WHO Prequalified Active Pharmaceutical Ingredients” and “WHO Prequalified Medicinal Products” which have
been evaluated, approved, and certified according to WHO standards.*

Annex 1 in “Good practices for pharmaceutical quality control laboratories” published by the WHO provides basic
requirements for the quality management system (QMS) “External Quality Assurance Assessment Scheme” in order
to produce more reliable results.”®?” Table 2 summarizes the requirements prescribed by the WHO guidelines for

good manufacturing practices together with the requirements of the International Standard ISO/IEC 17025:2006.%%2°

Proficiency Testing

Ensuring the performance of quality control laboratories is possible through proficiency testing (PT) which is the mechanism
of assessing a laboratory’s ability to competently perform specific tests and/or measurements according to previously set
standards. It supplements a laboratory’s own internal quality control procedure by providing an additional, independent, and
unbiased external audit of their testing capability and provides laboratories with a basis for continuous improvement of the
respective procedures and protocols.”’ During PT, the organizer prepares and sends blinded samples to laboratories that have
agreed or registered to participate and which conduct analysis according to the testing scheme. Results of all laboratories are
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Table 2 Summary of Key Requirements for Quality Control Laboratories According to the WHO

Infrastructure | e Facilities must be of a suitable size, construction, and location, as well as equipped with adequate instruments and equipment,
including work benches, work stations, and fume hoods.

® Separate and dedicated unit or equipment with appropriate environmental conditions.

® Storage and retrieval of all documents.

e Equipment, instruments, and other devices should be designed, constructed, adapted, located, calibrated, qualified, verified,
and maintained as required by the operations to be carried out.

o Equipment should be purchased from an agent capable of providing full technical support and maintenance.

o All should meet the laboratory’s requirements and comply with the relevant standard specifications.

Personnel o Sufficient personnel with respective education, training, technical knowledge, and experience for their assigned functions (e.g.,
a graduate in pharmacy, analytical chemistry, microbiology or other relevant skills).

o Technical management should ensure the competence of all personnel in operation of specific equipment, instruments, or
other devices who are performing tests, calibrations, validations, or verifications.

o All personnel should be permanently employed or under contract and have the ability to adequately perform the tasks
assigned to them.

o Technical staff should be available qualified at diploma level.

® A quality manager should be available.

Organization | e The laboratory should be an entity that is legally authorized to function and operate to meet the requirements.

® Arrangements should ensure that its management and personnel have no conflicts of interest that may adversely affect the
quality of work; policies and procedures should be in place to ensure confidentiality.

® Have charts that demonstrate organization and management structure of the laboratory.

® Specify and precisely allocate responsibilities which ensure adequate information flow between staff at all levels.

e Maintain an up-to-date collection of all specifications and all related documents for appropriate safety procedures.

® Maintain a registry with function of receiving, distributing, and supervising the consignment of the samples to the specific units

keeping records on all incoming samples and accompanying documents.

Note: Data adapted from WHO.'?”

analyzed, compared, and reported to all participating laboratories. In rechecking-retesting, samples that have been previously
analyzed are being retested, allowing for inter-laboratory comparison whilst an on-site evaluation is used when it is difficult
to conduct traditional proficiency testing or to use the rechecking-retesting method.*® 2

A White Paper on PT for analytical laboratories on organization and statistical data assessment revealed that in
general, for conducting proficiency tests, an organizing body is responsible for providing the protocol, operating the
scheme, taking appropriate action, reviewing effectiveness of the scheme regularly, and, where necessary, amending the
protocol >3

Implementation and operation of such an administrative body should consist of:

(i) A manager responsible for running the proficiency test, evaluating, documenting, and distributing the results, and
conducting any follow-up action that might be required;

(i1) A statistical expert;

(iii) Representatives of government bodies, commercial companies, or accreditation agencies with a legitimate
interest in conducting the tests;

(iv) A technical panel being formed of representatives of professional bodies with competence in the methodology of
proficiency testing and a suitable qualification;

(v) Only a minority of members should have a commercial interest in the outcome of the scheme;

(vi) Identifying participating laboratories and assign a blinded code;

(vii) Specifying and recording the exact sample composition and distribution to the participants;

(viii) Setting time frames for the technical panel to be able to review individual results.

The study also revealed that the following steps must be followed during a proficiency testing scheme as described in
ISO/IEC guideline 43-1:%-¢

(i) All stages of a PT must be clearly identified;
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(i1) A protocol has to be set;

(iii) All materials have to be organized and validated accordingly which includes choosing, preparing, and quality
testing thereof;

(iv) Sample distribution must follow a distinct plan;

(v) Results must be collected from participating laboratories and data analysis has to be carried out as described by
Thompson et al.>’

(vi) Feedback to participants is important.

The accreditation of pharmaceutical quality control test laboratories in Sub-Saharan Africa according to the “ISO/IEC
17025 laboratory accreditation” had a huge impact on the validity of results obtained from such laboratories: analysis
reports were more reliable and the overall quality control system was improved.>® The US pharmacopoeia also tries to
enhance the quality of medicines and dietary supplements by corresponding international programs.*°

Materials and Methods
A systematic search was performed using PubMed, Google Scholar, and the website of the World Health Organization

focusing on research papers, reviews, and White Papers using the terms “antibiotic”, “resistance”, “substandard”,
“quality”, “Africa”, and “Latin America”.
Information on quality control systems and regulatory background was available because the authors are involved with
regulatory authorities or are a part of it. Hence, they can describe, compare, and discuss many aspects within this topic.
Information related to particular countries is — in part — derived from personal communication and experience which

could be directly contributed by some of the authors.

Results
Sampling, Proficiency Testing, and Monitoring the Quality of Medicines: The African

Perspective

Case reports of substandard drugs mainly originate from LMICs such as those in Sub-Saharan Africa and South America.
The WHO is reporting and warning on such incidences on a regular basis. Most of the incidents and treatment failures are
probably due to low-quality medicines not containing any or not enough of the declared API. For example, Schiavetti
et al.> reported on the quality of amoxicillin and the fixed-dose combination of artemether-lumefantrine, which were
collected from wholesalers in the Democratic Republic of Congo: out of more than 400 collected products, 27% were of
poor quality and approximately 60% of the antimalarials represented underdosed products. Many cases of tablets or
capsules not being able to release the API have been found which is another crucial quality and efficacy attribute of
FPs.*

Of note, poor-quality products are not only observed in the group of antibiotics and antiviral APIs. Studies report low
quality and/or counterfeit products for other APIs such as oxytocin, ergometrine, misoprostol, or propofol in countries
including Ethiopia, Rwanda, Zambia, and Ghana.*'** Further examples of quality assessment studies from Africa are
outlined in the following paragraphs and displayed in Table 3.

Democratic Republic of the Congo (DRC)
In 2017, samples of artemether-lumefantrine fixed-dose combinations were collected from eight cities in the DRC for
determining the quality of these medicines sold in the market. Sampling locations covered the most populated regions
and cities which have a high prevalence of malaria and those bordering neighbor countries. Samples were drawn from
easily accessible public pharmaceutical outlets. All samples were transported to Germany for quality control analysis.*
Visual inspection revealed that three samples had a long shelf-life, which was quite suspicious; upon thin-layer
chromatography (TLC) analysis, the suspicious ones had no API and one sample contained lumefantrine only. Generally,
2.7% of samples failed the tests.*
A prospective survey was done for the quality of medicines used for children; the study site was Kinshasa because it
is the largest urban zone within the DRC. Sampling was guided by The Medicine Quality Assessment Reporting

Guideline (MEDQUARG),% samples were selected based on criteria relevant for public health, and formulations were
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Table 3 Findings of Sampled Anti-Infective Drugs from Various African Countries

Country Investigated Medicine and Findings Refer

Benin Imidazole antiparasitic medicines: [98]

A study showed that 38.3% of drugs from the informal market did not conform with pharmaceutical and physicochemical

tests, while only 3.4% from the formal market did not conform with these tests.

Burkina Antimalarial drugs: [99]
Faso 12% of the samples had a substandard concentration of the API, 5% showed a very poor disintegration rate, and one

sample did not contain any API.

Ethiopia Anthelmintic medicine: [100]
The results on visual inspection did not show any sign of counterfeit, all samples conform with all the tests conducted

which include disintegration test, mass uniformity tests, and the test on amount of active ingredient.

Gabon Antimalarial drugs: [101]

The results showed that 2 out of 432 samples failed the Minilab semi-quantitative tests, in which one was falsified, and one

was substandard.

Malawi Antimalarial drugs: [102]
The samples passed the visual inspection test but a detailed analysis with HPLC showed that 88.4% of the samples failed

the quality test either by the presence of excessive or insufficient API.

Nigeria Artemisinin-based antimalarial drugs: [103]

Content analysis of the samples showed that 90.8% were of acceptable quality, 6.8% substandard, 1.3% degraded, and 1.2%

were falsified.

South Amoxicillin (single or in combination with clavulanic acid), analgesics (paracetamol alone or in combination with other drugs): [104]

Africa The results of the study showed that 55.4% of the sample were able to fulfill all pharmacopeial requirements for quality,
most of the failing sample failed a visual inspection test, 5.4% failed the dissolution test, and 4.8% failed the content

uniformity test.

Togo Antibiotics and medicine for non-communicable diseases: [105]

The sampled medicine was kept as suggested by the manufacturer and then shipped to the University of Tuebingen,
Germany, for analysis using HPLC and pharmacopeia analysis. Seven (8%) samples did not comply with pharmacopeial

specifications and none of the sample was falsified.

Sudan Antimalarial drugs: [106]

The results showed that most samples from the public sector failed compared with the private sector, whereby 84% did

not pass the visual inspection tests, 9% did not comply with assay testing, and 7% failed the dissolution test.

chosen after interviewing the key informants. Trained staff collected samples from registered wholesale pharmacies
which were stored according to the manufacturers’ recommendations and eventually shipped to two Belgian accredited
laboratories for analysis. The results showed that upon visual inspection, most of the artemether-lumefantrine samples
had irregularities (75) and 75.5% of these samples failed subsequent chemical analyses. Chemical analysis revealed that
27.2% had at least one nonconformity, the most frequent being incorrect content of the active ingredient.*’

Kenya

In 2018, a post-marketing surveillance study was conducted in Kenya to check the quality of antimalarial medicines. It
was conducted in the city of Embu, covering all levels of health facilities representing the private and public sector.
Sampling included all APIs recommended by the WHO for malaria treatment, whereby many other products being
“indicated” for malaria treatment were encountered.*® Subsequent quality control tests were done at the Drug Analysis
and Research Unit (DARU) at the University of Nairobi.*’ The results on visual inspection showed no sign of
substandard dosage, and analytical tests proved that all samples complied with assay and dissolution tests as per
pharmacopeia.
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Another post-marketing surveillance study involving anti-retroviral drugs was done for which the country was
stratified into eight regions corresponding to eight country provinces. Samples were collected from all health facilities
and community pharmacies which provided antiretrovirals (ARVs), and any dosage forms containing an ARV were
collected. Samples were kept according to conditions recommended by the manufacturer, taken to the National Quality
Control Laboratory, and analysis was done using a pharmacopeial procedure. Almost all (99.63%) of the samples
complied and only one failed uniformity testing.>

Tanzania

Within recent years, several studies were performed in Tanzania, e.g., a post-marketing surveillance investigation of
antimalarial medicines to monitor the quality of registered drugs circulating in the market. Here, samples were collected
from 21 out of 26 Tanzanian regions, the selection criteria were based upon malaria prevalence and whether the region is
bordering other countries. Sampling sites were chosen by covering different aspects such as port of entry, domestic
manufacturers, and a high malaria prevalence. All registered antimalarial drugs were collected from all formal levels of
medicine distribution in the public and private sector. Samples were subjected to product information review and quality
screening using the GPHF-Minilab kits; failing samples were subjected to further analysis at the WHO prequalified
quality control laboratory at the Tanzania Medicines & Medical Devices Authority (TMDA) for a confirmatory test using
pharmacopeial monographs.**"

Another post-marketing surveillance study was conducted in markets of Tanzania mainland for determining the
quality of selected anti-retroviral (ARV) medicines. For this study, 20 regions of Tanzania were selected based on pre-
defined criteria including high population, high prevalence of HIV infection, bordering other countries, and whether it
was known that quality problems occurred in this region before. Samples were collected from two distribution levels:
level I, involving ports of entry and medical stores, and level II, involving private and public hospitals plus other medical
outlets. Only ARV medicines being commonly prescribed for HIV infections as recommended per national guidelines
were chosen.>? All samples were subjected to screening using the GPHF Minilab, and samples failing the screening were

transferred to a TMDA prequalified quality control laboratory for further analysis.>**

Multi-Country Analysis
A post-marketing surveillance study was done for the quality of antimalarials in six parts of Africa which are affected the
most by the disease; the study sites were in central, west, and east African regions. All available formulations of the
APIs — except chloroquine — were bought from randomly selected private pharmacies in major cities. The collected drugs
were kept in conditions as recommended by the manufacturer, then a risk-based testing was done using the GPHF
Minilab kit. 35% of all tested samples either failed identity or identity and assay testing, and thus were substandard.”
The quality and composition of albendazole, mebendazole, and praziquantel was studied in Burkina Faso, Cdte
d’Ivoire, Ghana, and Tanzania. Samples from different batches were collected from randomly selected facilities and
screening was done using the GPHF Minilab kits. A confirmatory test was conducted using HPLC and pharmacopeial
methods which was carried out in Germany. The results showed that 22.7% of the samples passed all tests and contained

the correct amount of the APL*?

Most of the samples presenting a low quality did not meet the disintegration
requirements.

A survey study for the quality of antimalaria medicines circulating in Madagascar, Senegal, and Uganda revealed that
28.5% of samples failed to comply with the specifications.’® Each country was divided into geographic zones based on
the prevalence of malaria and the national malaria control strategy, all available antimalaria medicines were collected
from all levels of drug distribution and were stored under ambient conditions. Minilab testing was performed at the
National Medicine Control Laboratory in Madagascar and Uganda, and at the University of Dakar in Senegal, and
samples selected for full-scale testing were transferred to the USP headquarters in the United States.

Antimalarial tablets found in the unofficial market in the DRC, Burundi, and Angola containing quinine, sulphadox-
ine/pyrimethamine, chloroquine, and mefloquine were purchased from small informal pharmacies in Goma (Congo),
Bujumbura (Burundi), and Luanda (Angola). All samples were subsequently sent to the “Istituto Superiore di Sanita” in
Italy. The assay of samples was done using validated liquid chromatographic methods including galenic properties such
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as uniformity of mass determination, disintegration, and dissolution tests. The results of all analyzed samples indicated
that one product had a low quality of the API, unraveled the substitution of the API in one case, and confirmed “out of
specification” results for 13 samples.’’

Overuse and Misuse Through Unauthorized Selling: The South American Perspective
In contrast to Africa, only very little data are available on the amount of falsified and/or poor-quality products circulating in
the market in Latin America, and almost no information is accessible regarding the actual medicine quality. Most of the
information is available from non-academic sources, e.g., in Argentina, where news about falsified drugs can be found in the
media from time to time. However, the reported incidents represent single alerts without any reference to nationwide
investigations (see Table 4).°* % In 2009, the Argentinian Minister of Health in Buenos Aires, Claudio Zin, reported an
approximate percentage of 10% of falsified medicines.®' The source of this number remains unknown — it can only be
assumed that he was referring to data provided by the WHO because of scarce available local investigations. In 2016,
Argentina’s National Administration for Drugs, Food, and Medical Technology (ANMAT) initiated a training program for
health professionals from Guyana, Jamaica, Suriname, and Trinidad and Tobago to trigger a “South-South and triangular
cooperation as a potential tool for strengthening medicine quality control in official medicines control laboratories (OMCLs)
of the Region of the Americas.”®* Unfortunately, this was a rather descriptive study and concrete data on medicine quality
which could possibly be extracted from these projects is lacking. Other studies reported incidences in Guyana and Suriname,
Mexico, and Colombia — but also here, the number of concluded studies and available data is very thin.

Informal selling and distribution of medicines and medicinal products (street vendors, kiosks, illegal “pharmacies”) is
very common in Latin America, constitutes a severe problem and is responsible for emerging resistance to antibiotic
compounds as well as a rising failure rate of the affected therapies. Medicine is either sold “over-the-counter” upon client
request or is offered for self-medication although it should be available on prescription only. Such conditions can mainly
be found in poorer districts of big cities or in rural markets where all kinds of goods are offered without any control. As
in many LMICs, distribution mechanisms are very blurry and cannot be traced, and a targeted quality control is not
possible. Typical products which are distributed through such channels are APIs for the treatment of pain (acetylsalicylic
acid, ibuprofen, acetaminophen), hypertension and anticonvulsive medicines (butylscopolamine, often in combination
with acetaminophen, and/or propinox (pargeverine)), antacid medication (omeprazole), antibiotics such as amoxicillin,
and a variety of other substances such as sildenafil, diazepam, and clonazepam.®?

Governments in Latin America are aware of the situation and legal action has been taken to combat this problem;
however, laws introduced e.g., in Argentina in 2009 are not followed by the population and valid data depicting the
situation is not available. Although court decisions were made in the following years, e.g., in 2014 in Buenos Aires,
informal selling remains an established way of distributing and receiving uncontrolled medicines up to an extent of
approximately 20% as stipulated by the Argentinian pharmacist’s association “COFA” as of 2009.°*°® The numbers
supposedly have not improved during the last 10 years, and there is no trusted information upon the quality of medicines
sold through unofficial vendors. As far as any reliable information is available upon tracing the product origin at all, the
sources of these products still remain unclear. Pharmaceutical manufacturers probably sell batches to unofficial dis-
tributors and wholesalers from where the products are given to street kiosks. Or, vice versa, the owners of these shops
directly buy medicines from official pharmacies at a low price which indirectly undermines the system of officially
licensed pharmacies. These are open doors for interrupting the quality control supply chain because nothing is known
about the storage conditions or expiration date of the products. However, patients buying these products are not interested
in the origin and are happy if they can buy one or two tablets only instead of paying for the whole package. This makes
any tracing of origin, batch numbers, or shelf life impossible.

Argentina

Because one of the authors of this review is living and working as a pharmacist in Buenos Aires, Argentina, medicine
samples have been collected in the capital city as well as in adjacent regions. They were subsequently sent to Germany to
be analyzed by academia and pharmaceutical companies. Thus, more than 200 samples could be analyzed regarding
identity and content of the API as well as uniformity of mass of the individual dosage forms since 2009 (unpublished
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Table 4 Findings from Various Latin-American Countries

Country Investigated Medicine and Findings Ref.

Ecuador Legal framework to combat the falsification of medical products [107]

Participation in the EU-based system of Medicrime (2021): members are obliged to criminalize
manufacturing of counterfeit medical products, supplying and trafficking in counterfeit medical products,
falsifying the respective documents and unauthorized manufacturing or supplying of medicinal products

as well as medical devices.

Guatemala Uncontrolled selling of antibiotics [108-112]

Common and uncontrolled selling of antimicrobial medicine led to a severe crisis which alarmed many
health professionals and the Ministry of Health in 2019. New legal regulations were set up (e.g., keeping
copies of each prescription, setting up a general quality assurance system for all pharmacies, regular
inspection). Nevertheless, this informal market still exists, supplying many people with unauthorized
drugs as only a few inspectors are available for approximately 6,700 pharmacies. Further problems
involve a lack of trained personnel, poor information provided by the shop assistants, non-adherence to
prescription rules, no communication about visiting a doctor in case of severe infections, strong interest
in selling the products but no effort to provide any kind of assistance or pharmaceutical knowledge.

Guyana and Poor quadlity of antimalarials [113]

Suriname Quality issues were observed in 45 out of 77 (58%) antimalarial samples in Guyana of which 30 failed
visual and physical inspection and |8 failed quality control tests. The proportion of monotherapy and
artemisinin-based combination therapy medicines failing quality control tests was 43% (13/30) and [1%
(5/47), respectively. A higher proportion of medicines sampled from the private sector, 34% (11/32),
failed quality control tests versus 16% (7/45) in the informal sector. In Suriname, 58 medicines were
sampled, of which 50 (86%) were Artecom®, the fixed-dose combination of piperaquine-
dihydroartemisinin-trimethoprim co-blistered with a primaquine phosphate tablet. All Artecom®

samples were found to lack a label claim for primaquine, thus failing visual and physical inspection.

Mexico Sale of antibiotics without prescription and falsified batches of antivirals [114-117]

Governmental estimations state that approximately 40% of antibiotics are sold without prescription.
In 2021, during the COVID pandemic, falsified batches of remdesivir were discovered which were

offered online and found in a hospital in the city of Tampico.

Peru Misuse of antibiotics [118]
Almost no data are available from Peru, but similar to other countries, a serious problem is the

continuous, misled application of antibiotics for the treatment of viral infections.

Paraguay Fight against the sale of antibiotics without prescription [119-120]

Since 2018, selling antibiotics without prescription is prohibited by the Paraguay government. Paraguay

started analyzing bacterial isolates for resistance to create a comprehensive picture of the problem.

San Salvador Misuse of antibiotics [121]

A survey conducted in 2016 revealed that out of 50 people asked, 56% anticipated using amoxicillin for

treating sore throat and 34% would prefer taking chloramphenicol when suffering from diarrhea.

data). In almost every case, the declared API was present and assay testing confirmed the correct content. However, the
applied methods were not always fully validated for the respective determination (especially content) and all experiments
were carried out by students and laboratory trainees. Nevertheless, these investigations suggest a surprisingly positive
picture of the situation.

Besides the factor “quality”, non-adherence to common therapy guidelines and inappropriate, unnecessary prescribing
habits also exist in Argentina. All medicinal areas are affected, even pediatrics.®” In 2017, a survey found that antibiotics
represent the most demanded and sold medicine group within the country.°® Argentina seems to have the highest
consumption rate of antibiotics in Latin America.®®’® Various national and international antibiotic stewardship programs
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have been developed, but antibiotics are still sold in huge amounts without a prescription and resistance is growing, e.g.,
in the field of urogenital infections.”"”2

Although many efforts were made, the problem of resistance persists. Many Argentinian people work in informal jobs
and consequently do not have any health insurance. The poverty level is above 50%, thus consulting a doctor is not
affordable. This results in experimenting with domestic remedies or, if this does not help, buying medicine in a pharmacy
or corner shop. Due to a severe lack of trained personnel, consultancy is very low, and antibiotics are randomly sold
according to the preferences of the clients. In Buenos Aires, almost any antibiotic API is freely available, even WHO
reserve group medications such as aztreonam or colistin. During the Covid pandemic, antibiotic medicine was routinely
prescribed and used, although distinct guidelines and recommendations for treating Covid patients exist.”> Recently,
warnings concerning the growing distribution of carbapenem-degrading enzymes were published which can be regarded
as an outcome of this misapplication.’*

Brazil
Brazil is the biggest country in Latin America by area and inhabitants, but only a very low number of incidents and
reports on misapplication and antimicrobial resistance is described for this country. Nevertheless, bad prescription habits
are also very present like in all other Latin American countries, and many hospitals suffer from multi-resistant bacteria
which differ between two hospitals even closely within the same city.”> A few of them established special units driven by
microbiologists who monitor the situation and try to identify multi-resistance.

Since a lot of animal breeding is done in Brazil, the overuse of antibiotics in the field of animal feeding also
contributes to an emerging resistance development which is finally passed on to humans.”®

Brazil’s national medicine regulatory authority “Agéncia Nacional de Vigilancia Sanitaria” (ANVISA) is very active,
reliable, and has a high reputation worldwide; however, not all manufacturing industries can be thoroughly audited on
a regular basis and in a few cases, poor quality products can enter the market. Brazil is also not free from illegal activities
pushing counterfeit medicine into the market either by illegal manufacturing or illegal import.”’

Discussion

Emergence of Resistance and Poor Quality of Antibiotics

How does resistance emerge? Its evolution is a multifactorial process, depending on a variety of parameters.”® Resistance
genes in bacteria are backdated to millions of years; 5000 years old DNA has been found in permafrost and in biological
material of prehistoric caves indicating that a kind of resistome had developed long before antibiotics entered the
market.”” This might be the case because most antibiotic groups, e.g., streptomycin, tetracyclines, erythromycin, and
vancomycin, are produced in Actinomyces, which are of course resistant against those antimicrobials. However,
resistance genes were very rarely found in the human microbiome before the clinical use of antibiotics. Since the
approval of antibiotics in the 1930s and 1940s, antimicrobial resistant bacteria (ARBs) and antimicrobial resistance genes
(ARGs) have been increasingly spreading throughout the world. Bacteria can modify the structure of the antibiotic target
by point modifications, inactivate antibiotics by lactam or ester hydrolysis or enzymatic acetylation/phosphorylation/
ribosylation, (over)expressing efflux pumps, and altering the membrane composition of lipopolysaccharides which
changes the permeability, and modification of porines transporting the antibiotics into the cell. Resistance may arise
from one or more of these mechanisms. In the case of intrinsic resistance, the genes are coded on chromosomes. Bacteria
can acquire resistance genes from their neighbors by horizontal gene transfer which often results in a multidrug
resistance. Those genes are mostly sitting on plasmids, transposons, integrins, and prophages providing them with
a high mobility.*

The point-mutation supply rate represents the probability of a mutation within a bacteria or virus population. The
mutation rate within the genome is between 10 * to 10™® depending on the virus, and some 10 '° nucleotides per genome
replication in bacteria. In some infections the total pathogen population can easily exceed 10'® per gram tissue. Hence
single, double, and even triple mutants are most probable. Another key parameter is the fitness of a resistant bacterium,
which is due to the fact, that not every mutation is stable. The success of a mutant is dependent on its fitness and the
fitness cost. The lower the fitness cost of a variant the easier it can spread.
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The selective pressure, primarily represented by the drug concentration, plays an important role. In the case of high
antibiotic concentration all susceptible bacteria will be killed, and only pre-existing resistant mutants may survive.
Falsifications and distribution of low-quality products are a problem in the field of anti-infective medicine. In particular,
the use of underdosed products from these classes enforces an emerging formation of resistant types, because the
selective pressure is lowered, and more and more resistant types can survive.

Enrichment and spreading of the resistant pathogens depends on the number of mutants and their fitness. Furthermore,
recent studies have unraveled the difference between strong and weak selective pressure. In the case of low anti-infective
concentrations, the mutants are characterized by mutations of little effect. In the case of lethal selection, the mutant
phenotype shows pre-existing mutations of a high effect. Hence, low drug concentrations promote mutants with low
fitness costs. The smaller the difference in fitness between susceptible and resistant pathogens, the lower is the
antimicrobial concentration necessary for enrichment of resistance and spreading. Moreover, the stepwise small-effect
mutations give rise to the acquirement of resistance by means of mutations and of horizontal gene transfer. Taken
together, low drug concentrations as found in poor-quality antimicrobials promote the development of resistance and,
thus, need to be avoided.

Underdosing and/or inappropriate release of the API is a crucial factor influencing the efficacy of any medicine
application. Of note, this has a very high impact in the field of antimicrobial therapy: e.g., if an analgesic does not reach
the necessary concentration at the locus of action, the patient will recognize ongoing pain and will probably solve the
problem by taking one or more additional tablets. On the other hand, however, if an antibiotic drug does not reach
a sufficient plasma level of the API — also referred to as the minimal inhibitory concentration (MIC) necessary for killing
the bacteria at the locus of infection — this cannot be realized directly by the patient and he or she may only see after
a few days that the treatment does not work. In this case, a small number of susceptible bacteria might be eradicated in
the beginning of the therapy, but an insufficient amount of the antibiotic may trigger an unnoticed development of
resistance instead of providing a cure. If the treatment failure becomes obvious, an antibiogram must be performed to
unravel resistant and sensitive bacteria strains and to be able to choose an alternative appropriate antibiotic for further
treatment. However, when not done properly for cost reasons, this can result in a nightmare of multiple consecutive
treatments involving various antibiotics, eventually resulting in the development of multi-resistance and prolonged cure.
This shows that misuse of antibiotic medicines is also triggered by poor knowledge, in particular when medicines are
supplied by informal, uncontrolled sources.

The high impact of underdosed antimicrobials stresses the importance of quality control of the API and the FP. This
holds true for production as well as post-marketing surveillance. Appropriate sensitive methods should be available.®’

Regulatory Efforts for Curbing the Distribution of Low-Quality Products

Strong national authorities are undoubtedly required for assuring a safe distribution to licensed vendors, the availability
of quality-checked medicines and medicinal products as well as working post-marketing surveillance mechanisms.
However, only when connecting them accordingly, e.g., by establishing an international-multinational licensing authority
and attaching a network of independent control laboratories, can vigorous action be taken against drug counterfeiting and
substandard products. In the European Union, the European Medicine Agency (EMA) together with the European
Directorate for the Quality of Medicine and HealthCare (EDQM) are a good example of how a licensing authority and
a quality control institution can enhance the safety of the drug market. Such central organizations can have a network of
well-connected laboratories which constantly monitor the quality of circulating medicines, and which are able to quickly
disclose poor-quality or falsified drugs. The EU Official Medicine Control Laboratory (OMCL) at the EDQM in
Strasbourg (France) is embedded in a widespread European OMCL Network (GEON). In addition, OMCLs have been
established in each European country as well as in so-called “Observer States” which are not part of the EU but
participate in the scientific work of the EDQM and can benefit from the expertise in quality control. South America
provides two observers (Mexico and Argentina), whereas Africa has seven observer states, i.e., Algeria, Guinea,
Madagascar, Morocco, Senegal, South Africa, and Tunisia. The concerted work is one of the main columns guaranteeing
the broad enforcement of legal rules and represents a commonly accepted quality concept which is recorded within the

Risk Management and Healthcare Policy 2022:15 https: 837

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hoellein et al Dove

major pharmacopeias (Ph. Eur., USP, BP, JP). However, a higher number of observer states would enhance the efficacy of
this system.

Nevertheless, close but autonomous collaboration with the pharmaceutical industry is a prerequisite for the work of
any regulatory authority or quality control system. Of note, again citing the example of Europe, the OMCL network is
fully independent from pharmaceutical manufacturers and thus free from any conflict of interest or financial disclosure.
Reviewing, depicting, and documenting the development — and modification, if applicable — of the manufacturing process
is vital during any authorization process, the development of the underlying quality control methods, as well as follow-up
procedures in quality control. Although substantial amounts of this information must be provided during the authoriza-
tion and approval process already, an ongoing collaboration between pharmaceutical companies and the respective
regulatory authorities represents an important backbone of the quality control system in total. For example, manufac-
turers are obliged to report any modifications to the synthesis pathway of an API or an exchange of excipients by legal
rule. History sadly shows, however, that adherence to these regulations was not always conducted: cases such as the
occurrence of unknown new toxic impurities in tryptophan, the contamination of heparin with oversulfated compounds,
or the recently discovered “sartan case” where carcinogenic/mutagenic nitrosamines were found in many original and
generic FPs used for treating hypertension are only a few examples.® These — and many more — cases illustrate the
relevance of close collaboration with manufacturers on the one hand, but also underline the necessity of routine
independent investigation of drug samples on the other hand. Of course, observing unknown or unexpected side effects
may also help in unraveling impurities or ineffective drugs — a concept also known as pharmacovigilance.

In LMICs, limited resources are allocated to cater for post-marketing surveillance programs and therefore, only a small
percentage of essential medicines is surveyed to ascertain their compliance to marketing authorization requirements.>'-3%%3
The situation is amplified by the limited services of quality control laboratories as evidenced by a survey on the status of the
regulatory system in Africa conducted in 2017 by Ndomondo-Sigonda et al. who reported that out of 39 countries assessed,
18 did not have any medicine quality control laboratory at all.** The WHO and other international institutions dealing with
quality assurance of medicines advocate for the implementation of risk-based sampling and testing as a solution to ensure
surveillance of a significant number of medicinal products which have been granted marketing authorization.*>*® As
mentioned earlier, the WHO prequalifies national and international quality control laboratories to allow them to support
the National Medicines Regulatory Authorities during marketing authorization and post-marketing surveillance studies,
respectively.®”*® Nevertheless, to date only 10 out of 57 WHO prequalified laboratories are located in Africa, which is not

a sufficient number for a thorough quality control system.**!

Informal Distribution and Poor Education

Substandard quality is only one side of the story — resistance towards antimicrobial therapies can also massively emerge
when non-qualified personnel deliver antibiotics, as has been described for many countries in South America and
Africa. A quite high fraction of medicine distribution still happens through informal markets. As outlined above, this
comprises unlicensed street vendors or unofficial “street pharmacies” selling huge amounts of cheap pharmaceutical
products with unknown origin, composition, and quality, as well as unknown and insufficient information on efficacy
and safety.

Of note, the focus of attention should be inquiring where corner shops and other vendors receive the respective products
from: obviously, manufacturers and/or licensed pharmacies are responsible for the illegal distribution of medicine towards
these channels which should be pushed back by the respective authorities. A huge amount of medicines is sold via informal
distribution methods in Africa and South America as well as in many parts of Asia; here, lacking education of the “health”
personnel and little knowledge on the part of the patients regarding treatment errors, resistance, or falsified medicine merge
into a very serious and complex problem.”> Moreover, many countries do not have educational schemes for pharmacists and/
or pharmaceutical scientists, as e.g. in Europe, Australia, Northern America, and some parts of Asia.

Poverty and Missing Prescription Practice
In many LMICs, visiting a doctor is not affordable for most of the population. Waiting queues are very long and in many
cases, a whole day of working time — and thus, money — must be sacrificed in order to see a specialist. Then, the decision
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for buying a medicine from informal sources is quickly made. Money also determines which medicine is chosen and, of
note, which amount is bought and taken — almost nobody is aware of antibiotic resistance at all and is satisfied with two
or three tablets which they can afford. 80% of the population of Latin America lives in cities, where finding
a “pharmacy” is very easy. Consequently, the problem is almost incontrollable. The situation described for Latin
America does not differ from that in almost all African countries.”>

Reports from these countries describe that prescribing habits are very inaccurate and inappropriate, even if
a physician is consulted. Guidelines are neglected on purpose or are unknown at all. Public health-care systems are
responsible for supporting and supplying a huge number of poor people or people with informal jobs. Trained personnel
are missing in many cases, may be undermotivated due to low salaries, are very young and inexperienced when choosing
a suitable medicine, or are not able to deny patient requests for certain APIs, e.g., antibiotics.

Conclusion
Despite the limited availability of reported data, the results of all considered studies indicate that many influences trigger
the emergence of resistance. Poor medicine quality is an important factor, but not the only reason why more and more
infections cannot be treated properly today. Of course, all types of medication are subject of falsification which has
a serious impact on health of all people worldwide, not only in developing but also in industrialized countries.”’
Nevertheless, the broad distribution of substandard products is a very prominent factor in resistance formation, and
the constant application of such products enhances the spread of resistant bacteria which eventually cannot be eradicated
even when using reserve antibiotics. Constant quality control testing is inevitably necessary to depict the situation and
unravel poor-quality medicines along with regulatory enforcements to withdraw them from the affected markets.
Furthermore, the prescription and distribution of all medication, especially of antibiotics and antivirals, need educated
personnel to avoid their overuse. But sadly, even in Europe too many antibiotics are prescribed and sold over-the-counter,
which is very hard to control.

Disclosure
The authors report no conflicts of interest in this work.

References

1. O'Neill J. The review on antimicrobial resistance: tackling drug-resistant infections globally. Final report and recommendations; 2016.
Available from: https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf. Accessed March 08, 2022.

2. Superbugs in the supply chain — how pollution from antibiotics factories in India and China is fueling the global rise of drug-resistant infections.
Changing markets foundation; 2016. Available from: http://epha.org/wp-content/uploads/2016/10/Superbugsinthesupplychain CMreport.pdf.
Accessed February 6, 2020.

3. Gelband H, Miller-Petrie M, Pant S, et al. Center for Disease Dynamics, Economics & Policy (CDDEP): state of the world’s antibiotics 2015;
2015. Available from: http://cddep.org/sites/default/files/swa_2015_final.pdf. Accessed February 6, 2020.

4. Degardin K, Roggo Y, Margot P. Understanding and fighting the medicine counterfeit market. J Pharm Biomed Anal. 2014;87:167-175.
doi:10.1016/j.jpba.2013.01.009

5. Davies SC. Annual report of the Chief Medical Officer, Volume Two 2011, infections and the rise of antimicrobial resistance. London:
Department of Health; 2013. Available from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/
138331/CMO_Annual_Report_Volume 2 2011.pdf. Accessed March 08, 2022.

6. European Centre for Disease Prevention and Control. ECDC/EMEA joint technical report: the bacterial challenge: time to react; 2009. Available
from: https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/0909 TER The Bacterial Challenge Time to React.
pdf. Accessed March 7, 2022.

7. Mendelson M, Rottingen JA, Gopinathan U, et al. Maximising access to achieve appropriate human antimicrobial use in low-income and
middle-income countries. Lancet. 2015;387(10014):188-198. doi:10.1016/S0140-6736(15)00547-4

8. Ardal C, Outterson K, Hoffman SJ, et al. International cooperation to improve access to and sustain effectiveness of antimicrobials. Lancet.
2016;387(10015):296-307. doi:10.1016/S0140-6736(15)00470-5

9. Glass BD. Counterfeit drugs and medical devices in developing countries. Res Rep Trop Med. 2014;5:11-22. doi:10.2147/RRTM.S39354

10. Ambroise-Thomas P. The tragedy caused by fake antimalarial drugs. Mediterr J Hematol Infect Dis. 2012;4(1):e2012027. doi:10.4084/
mjhid.2012.027

11. World Health Organization. Substandard and falsified medical products. Available from: https://www.who.int/news-room/fact-sheets/detail/
substandard-and-falsified-medical-products. Accessed August 13, 2021.

12. Schifermann S, Hauk C, Wemakor E, et al. Substandard and falsified antibiotics and medicines against noncommunicable diseases in Western
Cameroon and Northeastern Democratic Republic of Congo. Am J Trop Med Hyg. 2020;103(2):894-908. doi:10.4269/ajtmh.20-0184

Risk Management and Healthcare Policy 2022:15 https: 839

Dove:


https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
http://epha.org/wp-content/uploads/2016/10/Superbugsinthesupplychain_CMreport.pdf
http://cddep.org/sites/default/files/swa_2015_final.pdf
https://doi.org/10.1016/j.jpba.2013.01.009
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/138331/CMO_Annual_Report_Volume_2_2011.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/138331/CMO_Annual_Report_Volume_2_2011.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/0909_TER_The_Bacterial_Challenge_Time_to_React.pdf
https://doi.org/10.1016/S0140-6736(15)00547-4
https://doi.org/10.1016/S0140-6736(15)00470-5
https://doi.org/10.2147/RRTM.S39354
https://doi.org/10.4084/mjhid.2012.027
https://doi.org/10.4084/mjhid.2012.027
https://www.who.int/news-room/fact-sheets/detail/substandard-and-falsified-medical-products
https://www.who.int/news-room/fact-sheets/detail/substandard-and-falsified-medical-products
https://doi.org/10.4269/ajtmh.20-0184
https://www.dovepress.com
https://www.dovepress.com

Hoellein et al Dove

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

. Khuluza F, Kigera S, Heide L. Low prevalence of substandard and falsified antimalarial and antibiotic medicines in public and faith-based
health facilities of Southern Malawi. Am J Trop Med Hyg. 2017;6(5):1124-1135.

Nayyar GML, Breman JG, Mackey TK, et al. Falsified and substandard drugs: stopping the pandemic. Am J Trop Med Hygiene. 2019;100
(5):1058-1065. doi:10.4269/ajtmh.18-0981

Kovacs S, Hawes SE, Maley SN, Mosites E, Wong L, Stergachis A. Technologies for detecting falsified and substandard drugs in low and
middle-income countries. PLoS One. 2014;9(3):¢90601. doi:10.1371/journal.pone.0090601

Kaale E, Hope SM, Jenkins D, Layloff T. Implementation of 350-2500 nm diffuse reflectance spectroscopy and high-performance thin-layer
chromatography to rapidly assess manufacturing consistency and quality of cotrimoxazole tablets in Tanzania. Trop Med Int Health. 2016;21
(1):61-69. doi:10.1111/tmi.12621

Hollein L, Kaale E, Mwalwisi YH, Schulze MH, Holzgrabe U. Routine quality control of medicines in developing countries: analytical
challenges, regulatory infrastructures and the prevalence of counterfeit medicines in Tanzania. 7r¥AC Trends Anal Chem. 2016;76:60-70.
doi:10.1016/j.trac.2015.11.009

Bakker-"t Hart IME, Ohana D, Venhuis BJ. Current challenges in the detection and analysis of falsified medicines. J Pharm Biomed Anal.
2021;197:113948. doi:10.1016/j.jpba.2021.113948

Fadeyi I, Lalani M, Mailk N, Van Wyk A, Kaur H. Quality of the antibiotics—amoxicillin and co-trimoxazole from Ghana, Nigeria, and the
United Kingdom. Am J Trop Med Hyg. 2015;92(6 Suppl):87-94. doi:10.4269/ajtmh.14-0539

Been F, Roggo Y, Degardin K, Esseiva P, Margot P. Profiling of counterfeit medicines by vibrational spectroscopy. Forensic Sci Int. 2011;211
(1-3):83-100. doi:10.1016/j.forsciint.2011.04.023

Rahman MS, Yoshida N, Tsuboi H, et al. Small-scale dissolution test screening tool to select potentially substandard and falsified (SF)
medicines requiring full pharmacopoeial analysis. Sci Rep. 2021;11(1):12145. doi:10.1038/s41598-021-91443-5

Hoellein L, Holzgrabe U. Development of simplified HPLC methods for the detection of counterfeit antimalarials in resource-restraint
environments. J Pharm Biomed Anal. 2014;98C:434-445. doi:10.1016/j.jpba.2014.06.013

Mwalwisi YH, Hoellein L, Kaale EA, Holzgrabe U. Development of a simple, rapid and robust liquid chromatographic method for the
simultaneous determination of sulfalene, sulfadoxine and pyrimethamine in tablets. J Pharm Biomed Anal. 2016;129:558-570. doi:10.1016/j.
jpba.2016.07.044

World Health Organization. WHO list of prequalified quality control laboratories; 2020. Available from: https://extranet.who.int/pqweb/sites/
default/files/documents/PQ_QCLabsList_28.pdf. Accessed August 17, 2021.

World Health Organization. Database WHO medicines / finished pharmaceutical products. Available from https:/extranet.who.int/pqweb/
content/prequalified-lists/medicines. Accessed August 17, 2021.

Brits M, Kopp S. WHO external quality assurance assessment scheme phase 9. WHO Drug Inform. 2020;34(3):453-465.

World Health Organization; 2010. WHO technical report series, No. 957, 2010; Annex 1; WHO good practices for pharmaceutical
quality control laboratories; 2010. Available from: https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/
quality-control/trs957-annex 1-goodpractices-harmaceuticalqualitycontrol-laboratories.pdf?sfvrsn=caOc211c_0. Accessed March 8, 2022.
International Electrotechnical Commission. ISO/IEC 17025: 2017. General Requirements for the Competence of Testing and Calibration
Laboratories. International Organization for Standardization and International Electrotechnical Commission; 2017.

Juniper IR. Quality issues in proficiency testing. Accredit Qual Assurance. 1999;4(8):336-341. doi:10.1007/s007690050377

Heyman ML, Williams RL, Williams RL; USP council of the convention section on global public health, USP council of experts international
health expert committee 2, USP regionalization team 3. Ensuring global access to quality medicines: role of the US pharmacopeia. J Pharm Sci.
2011;100(4):1280-1287. doi:10.1002/jps.22391

Guo C, He Z, Wen L, et al. Cytoprotective effect of trolox against oxidative damage and apoptosis in the NRK-52¢ cells induced by melamine.
Cell Biol Int. 2012;36(2):183-188. doi:10.1042/CBI20110036

Mao X, Yang Y. Gap analysis for Chinese drug control Institutes to achieve the Standards of World Health Organization medicine
prequalification. J Pharm Sci. 2017;106(2):652—659. doi:10.1016/j.xphs.2016.09.023

Analytical Methods Committee. Proficiency testing of analytical laboratories: organization and statistical assessment. Analyst. 1992;117
(1):97-104. doi:10.1039/an9921700097

Cui X, Zhang Z, Ren Y, Liu S, Harrington PEB. Quality control of the powder pharmaceutical samples of sulfaguanidine by using NIR
reflectance spectrometry and temperature-constrained cascade correlation networks. Talanta. 2004;64(4):943-948. doi:10.1016/.
talanta.2004.04.009

International Organization for Standardization. 43-1, IS/ISO/IEC Guide 43-1, Proficiency Testing by Interlaboratory Comparisons. Part 1:
Development and Operation of Proficiency Testing Schemes. International Organization for Standardization; 1997.

International Organization for Standardization. ISO/IEC 17043:2010: Conformity Assessment — General Requirements for Proficiency Testing.
International Organization for Standardization; 2010.

Thompson M, Lowthian PJ. A Horwitz-like function describes precision in a proficiency test. Analyst. 1995;120(2):271-272. doi:10.1039/
an9952000271

Okezue MA, Adeyeye MC, Byrn SJ, Abiola VO, Clase KL. Impact of ISO/IEC 17025 laboratory accreditation in sub-Saharan Africa: a case
study. BMC Health Serv Res. 2020;20(1):1-9. doi:10.1186/s12913-020-05934-8

Schiavetti B, Wynendaele E, De Spiegeleer B, et al. The quality of medicines used in children and supplied by private pharmaceutical
wholesalers in Kinshasa, Democratic Republic of Congo: a prospective survey. Am J Trop Med Hyg. 2018;98(3):894-903. doi:10.4269/
ajtmh.17-0732

Seitzer M, Klapper S, Mazigo HD, Holzgrabe U, Mueller A. Quality and composition of albendazole, mebendazole and praziquantel available
in Burkina Faso, Cote d’Ivoire, Ghana and Tanzania. PLoS Negl Trop Dis. 2021;15(1):¢0009038. doi:10.1371/journal.pntd.0009038

Lambert P, Nguyen T-H, Oliver VL, et al. Oxytocin injection quality in Ethiopia: a post-marketing surveillance study in public and private
facilities across three regions. J Glob Health Rep. 2019;3:¢2019081.

Karikari-Boateng E. Post-Market Quality Surveillance Project: Maternal Healthcare Products (Oxytocin and Ergometrine) on the Ghanaian
Market. Ghana Food and Drugs Authority and the Promoting the Quality of Medicines Program. Ghana Food and Drugs Authority; 2013.

840

https: Risk Management and Healthcare Policy 2022:15

Dove!


https://doi.org/10.4269/ajtmh.18-0981
https://doi.org/10.1371/journal.pone.0090601
https://doi.org/10.1111/tmi.12621
https://doi.org/10.1016/j.trac.2015.11.009
https://doi.org/10.1016/j.jpba.2021.113948
https://doi.org/10.4269/ajtmh.14-0539
https://doi.org/10.1016/j.forsciint.2011.04.023
https://doi.org/10.1038/s41598-021-91443-5
https://doi.org/10.1016/j.jpba.2014.06.013
https://doi.org/10.1016/j.jpba.2016.07.044
https://doi.org/10.1016/j.jpba.2016.07.044
https://extranet.who.int/pqweb/sites/default/files/documents/PQ_QCLabsList_28.pdf
https://extranet.who.int/pqweb/sites/default/files/documents/PQ_QCLabsList_28.pdf
https://extranet.who.int/pqweb/content/prequalified-lists/medicines
https://extranet.who.int/pqweb/content/prequalified-lists/medicines
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/quality-control/trs957-annex1-goodpractices-harmaceuticalqualitycontrol-laboratories.pdf?sfvrsn=ca0c211c_0
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/quality-control/trs957-annex1-goodpractices-harmaceuticalqualitycontrol-laboratories.pdf?sfvrsn=ca0c211c_0
https://doi.org/10.1007/s007690050377
https://doi.org/10.1002/jps.22391
https://doi.org/10.1042/CBI20110036
https://doi.org/10.1016/j.xphs.2016.09.023
https://doi.org/10.1039/an9921700097
https://doi.org/10.1016/j.talanta.2004.04.009
https://doi.org/10.1016/j.talanta.2004.04.009
https://doi.org/10.1039/an9952000271
https://doi.org/10.1039/an9952000271
https://doi.org/10.1186/s12913-020-05934-8
https://doi.org/10.4269/ajtmh.17-0732
https://doi.org/10.4269/ajtmh.17-0732
https://doi.org/10.1371/journal.pntd.0009038
https://www.dovepress.com
https://www.dovepress.com

Dove

Hoellein et al

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Bizimana T, Hagen N, Gnegel G, Kayumba PC, Heide L. Quality of oxytocin and misoprostol in health facilities of Rwanda. PLoS One.
2021;16(1):20245054. doi:10.1371/journal.pone.0245054

Mumphansha H, Nickerson JW, Attaran A, et al. An analysis of substandard propofol detected in use in Zambian anesthesia. Anesth Analg.
2017;125(2):616-619. doi:10.1213/ANE.0000000000002226

Mufusama JP, Ndjoko Ioset K, Feineis D, Hoellein L, Holzgrabe U, Bringmann G. Quality of the antimalarial medicine artemether—
lumefantrine in 8 cities of the Democratic Republic of the Congo. Drug Test Anal. 2018;10(10):1599-1606. doi:10.1002/dta.2420

Newton PN, Lee SJ, Goodman C, et al. Guidelines for field surveys of the quality of medicines: a proposal. PLoS Med. 2009;6(3):¢1000052.
doi:10.1371/journal.pmed.1000052

Schiavetti B, Wynendaele E, De Spiegeleer B, et al. The quality of medicines used in children and supplied by private pharmaceutical
wholesalers in Kinshasa, Democratic Republic of Congo: a prospective survey. Am J Trop Med Hyg. 2018;98(3):894.

World Health Organization. Guidelines for the treatment of Malaria; 2015. Available from: https://apps.who.int/iris/bitstream/handle/10665/
162441/9789241549127 eng.pdf?sequence=1&isAllowed=y. Accessed March 8, 2022.

Ndwigah S, Stergachis A, Abuga K, Mugo H, Kibwage I. The quality of anti-malarial medicines in Embu County, Kenya. Malaria J. 2018;17
(1):1-5. doi:10.1186/s12936-018-2482-3

Sateesh JN, Reddy GVS, Jayaveera KN, Dhayalamurthi S. A validated stability-indicating isocratic LC method for levofloxacin in the presence
of degradation products and its process-related impurities. Acta Chromatogr. 2012;24(1):23-36. doi:10.1556/AChrom.24.2012.1.3

Mziray S, Mwamwitwa K, Kisoma S, et al. Post marketing surveillance of anti-malarial medicines in Tanzania. Pharm Regul Aff. 2017;6
(1):1-5. doi:10.4172/2167-7689.1000191

Borcherding SM, Stevens R, Nicholas RA, Corley CR, Self T. Quinolones: a practical review of clinical uses, dosing considerations, and drug
interactions. J Fam Pract. 1996;42(1):69-78.

Jahnke RW. Counterfeit medicines and the GPHF-Minilab for rapid drug quality verification. Pharmazeutische Industrie. 2004;66
(10):1187-1193.

Mziray S, Maganda BA, Mwamwitwa K, et al. Quality of selected anti-retroviral medicines: Tanzania Mainland market as a case study. BMC
Pharmacol Toxicol. 2021;22(1):46. doi:10.1186/s40360-021-00514-w

Bate R, Coticelli P, Tren R, Attaran A. Antimalarial drug quality in the most severely malarious parts of Africa—a six country study. PLoS One.
2008;3(5):e2132. doi:10.1371/journal.pone.0002132

World Health Organization. Survey of the quality of selected antimalarial medicines circulating in six countries of sub-Saharan Africa; 2011.
https://extranet.who.int/pqweb/sites/default/files/documents/ WHO QAMSA report_1.pdf. Accessed March 08, 2022.

Gaudiano MC, Di Maggio A, Cocchieri E, et al. Medicines informal market in Congo, Burundi and Angola: counterfeit and sub-standard
antimalarials. Malaria J. 2007;6(1):1-9. doi:10.1186/1475-2875-6-22

INFOBAE. Counterfeit units of a cancer drug were withdrawn from the market: what the laboratory says. Available from: https://www.infobae.
com/salud/2019/08/27/retiraron-del-mercado-un-lote-falsificado-de-un-medicamento-contra-el-cancer-que-dice-el-laboratorio/. Accessed
November 10, 2021.

La Nacion. OPS: Caution fake vaccines are circulating in Argentina. Available from: https://www.lanacion.com.ar/el-mundo/ops-advierten-que-
estan-circulando-vacunas-falsas-en-la-argentina-nid21042021/. Accessed November 10, 2021.

La Nacion. The use and marketing of a batch of an HIV drug is stopped. Available from: https://www.lanacion.com.ar/sociedad/frenan-el-uso
-y-la-comercializacion-de-un-lote-de-un-medicamento-para-el-vih-nid2112822/. Accessed November 10, 2021.

La Nacion. “10% of medicines are counterfeit,” estimated Mr. Zin. Available from: https://www.lanacion.com.ar/sociedad/el-10-de-los-
medicamentos-son-falsificados-estimo-zin-nid1172438/. Accessed November 10, 2021.

Parisi JM, Castro JL, Luque MC, Spinetto M, Saidon P, Fitzgerald J. Cooperacion Sur-Sur para el fortalecimiento de los laboratorios de control
de medicamentos de la Comunidad del Caribe (CARICOM) [South-South cooperation to strengthen the medicines control laboratories of the
Caribbean community (CARICOM)]. Rev Panam Salud Publica. 2016;39(5):269-273.

Télam. The Federal Police arrested two people who illegally sold medicines on the Roca train. Available from: https://www.telam.com.ar/notas/
201404/59706-ferrocarril-roca-medicamentos-detenidos.html. Accessed March 08, 2022.

College of Pharmacists of Rio Negro. Law 26567. Pharmacies. Medicines. Free sale. Subjects. Available from: http://www.colfarrn.org.ar/2014/
datos/institucional/legal/29 0 ley26567-MEDICAMENTOS-SOLO-EN-FARM.pdf. Accessed November 10, 2021.

La Capital. It is Alerted that in the neighborhoods the kiosks sell medicines illegally; 2020. Available from: https://www.lacapital.com.ar/la-
ciudad/alertan-que-los-barrios-los-quioscos-venden-remedios-ilegalmente-n2567802.html. Accessed November 10, 2021.

Di Biasi B, Damin C. Sale of drugs outside the pharmacy, advertising and drug dependence: Dangerous relationships. Buenos Aires' University;
2009. Available from: https://www.fmed.uba.ar/sites/default/files/2018-03/relaciones_peligrosas.pdf. Accessed November 10, 2021.

Ruvinsky S, Monaco A, Pérez G, et al. Reasons for the inappropriate prescription of antibiotics in a high complexity pediatric hospital. Rev
Panam Salud Publica. 2011;30(6):580-585.

Clarin. Antibiotics: Argentina has the highest consumption in the region and self-medication is a concern. Available from: https://www.clarin.
com/sociedad/antibioticos-argentina-mayor-consumo-region-alertan-automedicacion_0_B1GI8Rcr-.html. Accessed November 10, 2021.
Revista Dosis. Argentina has the highest consumption in the region and self-medication is a concern. Available from: https://revistadosis.com.
ar/noticias/antibioticos-argentina-tiene-el-mayor-consumo-de-la-region-y-alertan-por-la-automedicacion.html. Accessed November 10, 2021.
Diario de Cuyo. Argentina has the highest consumption of antibiotics in the region. Available from: https://www.diariodecuyo.com.ar/salud/
Argentina-tiene-el-mayor-consumo-de-antibioticos-de-la-region-20170718-0004.html. Accessed November 10, 2021.

Pierce J, Apisarnthanarak A, Schellack N, et al. Global antimicrobial stewardship with a focus on low- and middle-income countries. Int J Infect
Dis. 2020;96:621-629. doi:10.1016/j.ijid.2020.05.126

Bertoni G, Pessacq P, Guerrini MG, et al. Etiologia y resistencia a antimicrobianos de la infecciéon no complicada del tracto urinario [Etiology
and antimicrobial resistance of uncomplicated urinary tract infections]. Medicina. 2017;77(4):304-308.

Argentine Ministry of Health. Covid-19: Use of antibiotics in Patients Diagnosed with SARS COV2, Recommendations updated to May; 2021.
Available from: https://bancos.salud.gob.ar/sites/default/files/2021-05/covid19-uso-de-antibioticos-en-pacientes-con-sars-cov2.pdf. Accessed
November 10, 2021.

Risk Management and Healthcare Policy 2022:15 https: 841

Dove:


https://doi.org/10.1371/journal.pone.0245054
https://doi.org/10.1213/ANE.0000000000002226
https://doi.org/10.1002/dta.2420
https://doi.org/10.1371/journal.pmed.1000052
https://apps.who.int/iris/bitstream/handle/10665/162441/9789241549127_eng.pdf?sequence=1%26isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/162441/9789241549127_eng.pdf?sequence=1%26isAllowed=y
https://doi.org/10.1186/s12936-018-2482-3
https://doi.org/10.1556/AChrom.24.2012.1.3
https://doi.org/10.4172/2167-7689.1000191
https://doi.org/10.1186/s40360-021-00514-w
https://doi.org/10.1371/journal.pone.0002132
https://extranet.who.int/pqweb/sites/default/files/documents/WHO_QAMSA_report_1.pdf
https://doi.org/10.1186/1475-2875-6-22
https://www.infobae.com/salud/2019/08/27/retiraron-del-mercado-un-lote-falsificado-de-un-medicamento-contra-el-cancer-que-dice-el-laboratorio/
https://www.infobae.com/salud/2019/08/27/retiraron-del-mercado-un-lote-falsificado-de-un-medicamento-contra-el-cancer-que-dice-el-laboratorio/
https://www.lanacion.com.ar/el-mundo/ops-advierten-que-estan-circulando-vacunas-falsas-en-la-argentina-nid21042021/
https://www.lanacion.com.ar/el-mundo/ops-advierten-que-estan-circulando-vacunas-falsas-en-la-argentina-nid21042021/
https://www.lanacion.com.ar/sociedad/frenan-el-uso-y-la-comercializacion-de-un-lote-de-un-medicamento-para-el-vih-nid2112822/
https://www.lanacion.com.ar/sociedad/frenan-el-uso-y-la-comercializacion-de-un-lote-de-un-medicamento-para-el-vih-nid2112822/
https://www.lanacion.com.ar/sociedad/el-10-de-los-medicamentos-son-falsificados-estimo-zin-nid1172438/
https://www.lanacion.com.ar/sociedad/el-10-de-los-medicamentos-son-falsificados-estimo-zin-nid1172438/
https://www.telam.com.ar/notas/201404/59706-ferrocarril-roca-medicamentos-detenidos.html
https://www.telam.com.ar/notas/201404/59706-ferrocarril-roca-medicamentos-detenidos.html
http://www.colfarrn.org.ar/2014/datos/institucional/legal/29_0_ley26567-MEDICAMENTOS-SOLO-EN-FARM.pdf
http://www.colfarrn.org.ar/2014/datos/institucional/legal/29_0_ley26567-MEDICAMENTOS-SOLO-EN-FARM.pdf
https://www.lacapital.com.ar/la-ciudad/alertan-que-los-barrios-los-quioscos-venden-remedios-ilegalmente-n2567802.html
https://www.lacapital.com.ar/la-ciudad/alertan-que-los-barrios-los-quioscos-venden-remedios-ilegalmente-n2567802.html
https://www.fmed.uba.ar/sites/default/files/2018-03/relaciones_peligrosas.pdf
https://www.clarin.com/sociedad/antibioticos-argentina-mayor-consumo-region-alertan-automedicacion_0_B1Gl8Rcr-.html
https://www.clarin.com/sociedad/antibioticos-argentina-mayor-consumo-region-alertan-automedicacion_0_B1Gl8Rcr-.html
https://revistadosis.com.ar/noticias/antibioticos-argentina-tiene-el-mayor-consumo-de-la-region-y-alertan-por-la-automedicacion.html
https://revistadosis.com.ar/noticias/antibioticos-argentina-tiene-el-mayor-consumo-de-la-region-y-alertan-por-la-automedicacion.html
https://www.diariodecuyo.com.ar/salud/Argentina-tiene-el-mayor-consumo-de-antibioticos-de-la-region%201320170718-0004.html
https://www.diariodecuyo.com.ar/salud/Argentina-tiene-el-mayor-consumo-de-antibioticos-de-la-region%201320170718-0004.html
https://doi.org/10.1016/j.ijid.2020.05.126
https://bancos.salud.gob.ar/sites/default/files/2021-05/covid19-uso-de-antibioticos-en-pacientes-con-sars-cov2.pdf
https://www.dovepress.com
https://www.dovepress.com

Hoellein et al Dove

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.
100.

101.

102.

Pan American Health Organization / World Health Organization. Epidemiological Alert: Emergence and increase of new combinations of
carbapenemases in Enterobacterales in Latin America and the Caribbean. October 22, 2021. Washington, D.C: OPS/OMS; 2021. Available
from: https://www.paho.org/es/documentos/alerta-epidemiologica-emergencia-e-incremento-nuevas-combinaciones-carbapenemasas. Accessed
November 10, 2021.

Mendes ET, Salomdo MC, Tomichi LM, et al. Effectiveness of surveillance cultures for high priority multidrug-resistant bacteria in
hematopoietic stem cell transplant units. Rev Inst Med Trop Sao Paulo. 2021;63:¢77. doi:10.1590/s1678-9946202163077

Rabello RF, Bonelli RR, Penna BA, Albuquerque JP, Souza RM, Cerqueira A. Antimicrobial resistance in farm animals in Brazil: an update
overview. Animals. 2020;10(4):552. doi:10.3390/ani10040552

Rojas-Cortés R. Substandard, falsified and unregistered medicines in Latin America, 2017-2018. Revista panamericana de salud publica.
2020;44:e125. doi:10.26633/RPSP.2020.125

Andersson DI, Balaban NQ, Baquero F, et al. Antibiotic resistance: turning evolutionary principles into clinical reality. FEMS Microbiol Rev.
2020;44:171-188. doi:10.1093/femsre/fuaa001

Perry J, Waglechner N, Wright G. The prehistory of antibiotic resistance. Cold Spring Harb Perspect Med. 2016;6:a025197. doi:10.1101/
cshperspect.a025197

Blair JM, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJ. Molecular mechanisms of antibiotic resistance. Nat Rev Microbiol. 2015;13:42-51.
doi:10.1038/nrmicro3380

Nwokike J, Clark A, Nguyen PP. Medicines quality assurance to fight antimicrobial resistance. Bull World Health Organ. 2018;96(2):135-137.
doi:10.2471/BLT.17.199562

European Medicines Agency. EMA/369136/2020: Committee for Medicinal Products for Human Use (CHMP), assessment report: nitrosamine
impurities in human medicinal products. 2020.

Eastern African Community. 4 Situation Analysis on Post Market Surveillance Systems and Activities for Pharmaceutical Products in the East
African Community Partner States. Arusha; 2015:1-93.

Ndomondo-Sigonda M, Miot J, Naidoo S, Dodoo A, Kaale E. Medicines regulation in Africa: current state and opportunities. Pharmaceut Med.
2017;31(6):383-397. doi:10.1007/540290-017-0210-x

World Health Organization. WHO guidelines on the conduct of surveys of the quality of medicines. WHO Technical Report Series, No. 996,
2016, Annex 7. Available from: https://www.gmp-compliance.org/files/guidemgr/WHO_TRS 996 annex07.pdf. Accessed November 11,
2021.

Nkansah P, Smine K, Pribluda V, et al. Guidance for implementing risk-based guidance for implementing risk-based post- marketing quality
surveillance in low- and middle-income countries. 2017. U.S. Pharmacopeial Convention. U.S. Pharmacopoeial Convention. The promoting the
quality of medicines program; 2017. Rockville, Maryland. Available from: https://www.usp-pqm.org/sites/default/files/pqms/article/risk-based-
post-marketing-surveillance-feb-2018.pdf. Accessed March 08, 2022.

World Health Organization. WHO technical report series, No. 957, Annex 1. WHO good practices for pharmaceutical control laboratories.
WHO Expert Committee on Specifications for Pharmaceutical Preparations. Forty-fourth report; 2010. Available from: http://www.who.int/
medicines/publications/44threport/en/. Accessed November 11, 2021.

World Health Organization. WHO technical report series, No. 961, Annex 2. WHO good practices for pharmaceutical microbiology
laboratories. WHO Expert Committee on Specifications for Pharmaceutical Preparations. Forty-fifth report; 2011. Available from: http://
whglibdoc.who.int/trsy WHO_TRS 961 eng.pdf?ua=1. Accessed November 11, 2021.

Sciacovelli L, Secchiero S, Zardo L, Plebani M. The role of the external quality assessment. Biochemia Medica. 2010;20(2):160-164.
doi:10.11613/BM.2010.019

Pejovic’ G. The importance of proficiency testing schemes for the performance improvement of medicines quality control laboratories. Arhiv Za
Farmaciju. 2014;64(3):285-293. doi:10.5937/arhfarm1403285P

Kristensen HB. Proficiency testing versus QC-data-comparison programs; 2003. Available from: https://acutecaretesting.org/en/articles/profi
ciency-testing-versus-qcdatacomparison-programs. Accessed March 08, 2022.

Onuh G, Hinga SK, Nyamweya BM, Aderemi AA. Assessment of consumers’ awareness and proposed measures against the prevalence of
counterfeit drugs in developing countries. BMC Public Health. 2022. Article under revision. doi:10.21203/rs.3.rs-998393/v1

Mboya EA, Sanga LA, Ngocho JS. Irrational use of antibiotics in the Moshi Municipality Northern Tanzania: a cross sectional study. Pan Afi
Med J. 2018;31(1):165. doi:10.11604/pam;.2018.31.165.15991

Kariuki J, Njeru MK, Wamae W, Mackintosh M. Improving the supply chains for the health sector: what role for locally manufactured and
imported medicines and medical supplies in Kenya. UK Department for International Development; 2015. Available from: https:/www.gov.uk/
research-for-development-outputs/improving-the-supply-chains-for-the-health-sector-what-role-for-locally-manufactured-and-imported-
medicines-and-medical-supplies-in-kenya. Accessed March 08, 2022.

Ngocho JS, Horumpende PG, de Jonge MI, Mmbaga BT. Inappropriate treatment of community-acquired pneumonia among children under five
years of age in Tanzania. Int J Infect Dis. 2020;93:56—61. doi:10.1016/;.1jid.2020.01.038

Ndaki PM, Mushi MF, Mwanga JR, et al. Dispensing antibiotics without prescription at community pharmacies and accredited drug dispensing
outlets in Tanzania: a cross-sectional study. Antibiotics. 2021;10(8):1025. doi:10.3390/antibiotics10081025

Rahman MS, Yoshida N, Tsuboi H, et al. The health consequences of falsified medicines- A study of the published literature. Trop Med
Int Health. 2018;23(12):1294-1303. doi:10.1111/tmi.13161

Yemoa LA, Bonou J, Amoussa A, Ahouandjinou H. Quality assessment of three imidazole antiparasitics (albendazole, mebendazole and
metronidazole) sold in Benin. Int J Pharm Pharmacol. 2020;8(5):2326-7267.

Tipke M, Diallo S, Coulibaly B, et al. Substandard anti-malarial drugs in Burkina Faso. Malaria J. 2008;7(1):1-9. doi:10.1186/1475-2875-7-95
Belew S, Suleman S, Wynendaele E, et al. Quality of anthelminthic medicines available in Jimma Ethiopia. Acta Trop. 2018;177:157-163.
doi:10.1016/j.actatropica.2017.10.006

Visser BJ, Meerveld-Gerrits J, Kroon D, et al. Assessing the quality of anti-malarial drugs from Gabonese pharmacies using the MiniLab
a field study. Malaria J. 2015;14(1):1-13. doi:10.1186/s12936-015-0795-z

Chikowe I, Osei-Safo D, Harrison JJ, Konadu DY, Addae-Mensah 1. Post-marketing surveillance of anti-malarial medicines used in Malawi.
Malaria J. 2015;14(1):1-11. doi:10.1186/s12936-015-0637-z

®.

842

https: Risk Management and Healthcare Policy 2022:15

Dove!


https://www.paho.org/es/documentos/alerta-epidemiologica-emergencia-e-incremento-nuevas-combinaciones-carbapenemasas
https://doi.org/10.1590/s1678-9946202163077
https://doi.org/10.3390/ani10040552
https://doi.org/10.26633/RPSP.2020.125
https://doi.org/10.1093/femsre/fuaa001
https://doi.org/10.1101/cshperspect.a025197
https://doi.org/10.1101/cshperspect.a025197
https://doi.org/10.1038/nrmicro3380
https://doi.org/10.2471/BLT.17.199562
https://doi.org/10.1007/s40290-017-0210-x
https://www.gmp-compliance.org/files/guidemgr/WHO_TRS_996_annex07.pdf
https://www.usp-pqm.org/sites/default/files/pqms/article/risk-based-post-marketing-surveillance-feb-2018.pdf
https://www.usp-pqm.org/sites/default/files/pqms/article/risk-based-post-marketing-surveillance-feb-2018.pdf
http://www.who.int/medicines/publications/44threport/en/
http://www.who.int/medicines/publications/44threport/en/
http://whqlibdoc.who.int/trs/WHO_TRS_961_eng.pdf?ua=1
http://whqlibdoc.who.int/trs/WHO_TRS_961_eng.pdf?ua=1
https://doi.org/10.11613/BM.2010.019
https://doi.org/10.5937/arhfarm1403285P
https://acutecaretesting.org/en/articles/proficiency-testing-versus-qcdatacomparison-programs
https://acutecaretesting.org/en/articles/proficiency-testing-versus-qcdatacomparison-programs
https://doi.org/10.21203/rs.3.rs-998393/v1
https://doi.org/10.11604/pamj.2018.31.165.15991
https://www.gov.uk/research-for-development-outputs/improving-the-supply-chains-for-the-health-sector-what-role-for-locally-manufactured-and-imported-medicines-and-medical-supplies-in-kenya
https://www.gov.uk/research-for-development-outputs/improving-the-supply-chains-for-the-health-sector-what-role-for-locally-manufactured-and-imported-medicines-and-medical-supplies-in-kenya
https://www.gov.uk/research-for-development-outputs/improving-the-supply-chains-for-the-health-sector-what-role-for-locally-manufactured-and-imported-medicines-and-medical-supplies-in-kenya
https://doi.org/10.1016/j.ijid.2020.01.038
https://doi.org/10.3390/antibiotics10081025
https://doi.org/10.1111/tmi.13161
https://doi.org/10.1186/1475-2875-7-95
https://doi.org/10.1016/j.actatropica.2017.10.006
https://doi.org/10.1186/s12936-015-0795-z
https://doi.org/10.1186/s12936-015-0637-z
https://www.dovepress.com
https://www.dovepress.com

Dove

Hoellein et al

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.
113.
114.

115.

116.

117.

118.

119.

120.

121.

Kaur H, Allan EL, Mamadu I, et al. Quality of artemisinin-based combination formulations for malaria treatment: prevalence and risk factors
for poor quality medicines in public facilities and private sector drug outlets in Enugu, Nigeria. PLoS One. 2015;10(5):¢0125577. doi:10.1371/
journal.pone.0125577

Lehmann A, Katerere DR, Dressman J. Drug quality in South Africa: a field test. J Pharm Sci. 2018;107(10):2720-2730. doi:10.1016/j.
xphs.2018.06.012

Schifermann S, Wemakor E, Hauk C, Heide L. Quality of medicines in southern Togo: investigation of antibiotics and of medicines for
non-communicable diseases from pharmacies and informal vendors. PLoS One. 2018;13(11):¢0207911. doi:10.1371/journal.pone.0207911
Alfadl AA, Abdoon S, Elamin M, Elnabi NG. Quality of antimalarial drugs in Sudan: results of post-marketing surveillance. Sudanese J Pub
Health. 2006;1:108-111.

Cancilleria del Ecuador. Ecuador suscribi6 el Convenio sobre falsificacion de productos médicos y delitos similares que supongan una amenaza
para la salud publica. Available from: https://www.cancilleria.gob.ec/francia/2021/05/07/2233/#. Accessed November 11, 2021.

Prensa Libre. Ana Lucia Ola: PAHO expert: “We no longer have tools to combat diseases”. Available from: https://www.prensalibre.com/
guatemala/comunitario/experto-de-ops-ya-no-tenemos-herramientas-para-combatir-las-enfermedades/. Accessed November 11, 2021.

Moreno P, Cerdn A, Sosa K, et al. Availability of over-the-counter antibiotics in Guatemalan corner stores. PLoS One. 2020;15(9):¢0239873.
doi:10.1371/journal.pone.0239873

Prensa Libre. Maria josé Espafia: Health gives pharmacies a month to implement an agreement to regulate the sale of antibiotics. Available
from: https://www.prensalibre.com/guatemala/comunitario/salud-da-un-mes-A-farmacias-para-que-implementen-acuerdo-de-regulacion-de-
venta-de-antibioticos/. Accessed November 11, 2021.

Prensa Libre. Ana Lucia Ola, there are eight inspectors to supervise that pharmacies do not sell antibiotics without a prescription. Available
from: https://www.prensalibre.com/guatemala/comunitario/hay-ocho-inspectores-para-supervisar-que-farmacias-no-vendan-antibiotico-sin-
receta/. Accessed November 11, 2021.

Fuentes A. Pharmacies that prescribe antibiotics without a prescription. Rev Méd. 2017;156(1):19-22.

Evans L, Coignez V, Barojas A, et al. Quality of anti-malarials collected in the private and informal sectors in Guyana and Suriname. Malar J.
2012;11:203. doi:10.1186/1475-2875-11-203

Government of Mexico. 40% of antibiotics sold in Mexico are without a prescription. Available from: https://www.insp.mx/noticias/sistemas-de
-salud/40-de-antibioticos-vendidos-en-mexico-sin-receta-medica.html. Accessed November 11, 2021.

Government of Mexico. Patients, doctors and pharmacies misuse antibiotics. Available from: https://www.insp.mx/noticias/sistemas-de-salud
/pacientes-medicos-y-farmacias-dan-mal-uso-A-antibioticos.html. Accessed November 11, 2021.

Infobae. Illegal remdesivir in Mexico: the US seized more than 100 shipments that came from Bangladesh and India; 2021. Available from:
https://www.infobae.com/america/mexico/2021/06/23/remdesivir-ilegal-en-mexico-eeuu-incauto-mas-de-100-cargamentos-que-venian-de-
bangladesh-e-india/. Accessed November 11, 2021.

infobae. Mexico detects fake remdesivir in hospital and on the web; 2021. Available from: https://www.infobae.com/america/agencias/2021/07/
20/mexico-detecta-remdesivir-falso-en-hospital-y-en-la-web/. Accessed November 11, 2021.

Ecker L, Ruiz J, Vargas M, Del Valle LJ, Ochoa TJ. Prevalence of purchase without prescription and recommendation of antibiotics for children
under 5 years of age in private pharmacies in peripheral and urban areas in Lima, Peru. Rev Peru Med Exp Salud Publica. 2016;33(2):215-223.
doi:10.17843/rpmesp.2016.332.2152

Ministry of Public Health and Social Welfare. Ban on the sale of antibiotics without a prescription comes into effect. Available from: https:/
www.mspbs.gov.py/portal/16514/entra-en-vigencia-prohibicion-de-venta-de-antibioticos-sin-receta-medica.html. Accessed November 11, 2021.
Ministry of Public Health and Social Welfare Paraguay. an alliance was formed to avoid a “possible pandemic” of antimicrobial resistance.
Available from: https://www.mspbs.gov.py/portal/23405/conforman-alianza-para-evitar-posible-pandemia-de-resistencia-antimicrobiana.html.
Accessed November 11, 2021.

Herrera M, Lizzette P, Vasquez T, Alberto S. Social factors present in the self-medication of patients who consult at the Las Brisas Family
Health Community Unit, July 2016. [Bachelor thesis]. Universidad de El Salvador; 2016.

Risk Management and Healthcare Policy Dove

Publish your work in this journal

Risk Management and Healthcare Policy is an international, peer-reviewed, open access journal focusing on all aspects of public health, policy,
and preventative measures to promote good health and improve morbidity and mortality in the population. The journal welcomes submitted
papers covering original research, basic science, clinical & epidemiological studies, reviews and evaluations, guidelines, expert opinion and
commentary, case reports and extended reports. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/risk-management-and-healthcare-policy-journal

Risk Management and Healthcare Policy 2022:15 v in g Dove 843


https://doi.org/10.1371/journal.pone.0125577
https://doi.org/10.1371/journal.pone.0125577
https://doi.org/10.1016/j.xphs.2018.06.012
https://doi.org/10.1016/j.xphs.2018.06.012
https://doi.org/10.1371/journal.pone.0207911
https://www.cancilleria.gob.ec/francia/2021/05/07/2233/#
https://www.prensalibre.com/guatemala/comunitario/experto-de-ops-ya-no-tenemos-herramientas-para-combatir-las-enfermedades/
https://www.prensalibre.com/guatemala/comunitario/experto-de-ops-ya-no-tenemos-herramientas-para-combatir-las-enfermedades/
https://doi.org/10.1371/journal.pone.0239873
https://www.prensalibre.com/guatemala/comunitario/salud-da-un-mes-A-farmacias-para-que-implementen-acuerdo-de-regulacion-de-venta-de-antibioticos/
https://www.prensalibre.com/guatemala/comunitario/salud-da-un-mes-A-farmacias-para-que-implementen-acuerdo-de-regulacion-de-venta-de-antibioticos/
https://www.prensalibre.com/guatemala/comunitario/hay-ocho-inspectores-para-supervisar-que-farmacias-no-vendan-antibiotico-sin-receta/
https://www.prensalibre.com/guatemala/comunitario/hay-ocho-inspectores-para-supervisar-que-farmacias-no-vendan-antibiotico-sin-receta/
https://doi.org/10.1186/1475-2875-11-203
https://www.insp.mx/noticias/sistemas-de-salud/40-de-antibioticos-vendidos-en-mexico-sin-receta-medica.html
https://www.insp.mx/noticias/sistemas-de-salud/40-de-antibioticos-vendidos-en-mexico-sin-receta-medica.html
https://www.insp.mx/noticias/sistemas-de-salud/pacientes-medicos-y-farmacias-dan-mal-uso-A-antibioticos.html
https://www.insp.mx/noticias/sistemas-de-salud/pacientes-medicos-y-farmacias-dan-mal-uso-A-antibioticos.html
https://www.infobae.com/america/mexico/2021/06/23/remdesivir-ilegal-en-mexico-eeuu-incauto-mas-de-100-cargamentos-que-venian-de-bangladesh-e-india/
https://www.infobae.com/america/mexico/2021/06/23/remdesivir-ilegal-en-mexico-eeuu-incauto-mas-de-100-cargamentos-que-venian-de-bangladesh-e-india/
https://www.infobae.com/america/agencias/2021/07/20/mexico-detecta-remdesivir-falso-en-hospital-y-en-la-web/
https://www.infobae.com/america/agencias/2021/07/20/mexico-detecta-remdesivir-falso-en-hospital-y-en-la-web/
https://doi.org/10.17843/rpmesp.2016.332.2152
https://www.mspbs.gov.py/portal/16514/entra-en-vigencia-prohibicion-de-venta-de-antibioticos-sin-receta-medica.html
https://www.mspbs.gov.py/portal/16514/entra-en-vigencia-prohibicion-de-venta-de-antibioticos-sin-receta-medica.html
https://www.mspbs.gov.py/portal/23405/conforman-alianza-para-evitar-posible-pandemia-de-resistencia-antimicrobiana.html
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com

	Introduction
	Emerging Resistance to Antimicrobial Therapies is aGlobal Concern
	Substandard Medicines
	Methods for Detecting Poor-Quality Medicine
	Qualification of Laboratories and Establishment of Standards
	Proficiency Testing


	Materials and Methods
	Results
	Sampling, Proficiency Testing, and Monitoring the Quality of Medicines: The African Perspective
	Democratic Republic of the Congo (DRC)
	Kenya
	Tanzania
	Multi-Country Analysis

	Overuse and Misuse Through Unauthorized Selling: The South American Perspective
	Argentina
	Brazil


	Discussion
	Emergence of Resistance and Poor Quality of Antibiotics
	Regulatory Efforts for Curbing the Distribution of Low-Quality Products
	Informal Distribution and Poor Education
	Poverty and Missing Prescription Practice

	Conclusion
	Disclosure
	References

