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Abstract

National, regional and international pharmacopoeias set standards for the quality of
medicines and provide instructions for testing to ensure those standards are met.
Medicines, tests, standards and methods all vary among the more than 60
pharmacopoeias currently in use. These publications were developed mainly to regulate
medicine manufacturing, where safety is essential and methods are generally complex.
These methods require sophisticated equipment, specific materials and high levels of skill,
and can generate large quantities of pharmaceutical waste. However, pharmacopoeias are
also used to guide medicine quality testing for other purposes and in other settings.
Notably, they are used in post-marketing surveillance and research on medicine quality in
low- and middle-income countries where the prevalence of substandard and falsified
medicines is thought to be highest. Regulators and other researchers in these settings may
not have access to all the equipment, materials and skills needed to follow
pharmacopoeias exactly. Therefore, they often develop work-arounds, which are rarely
acknowledged or described when reporting results. Our experience using modified
methods for testing amoxicillin tablets in Indonesia suggests that necessary work-arounds
can significantly distort study outcomes, potentially leading to misguided policy responses.
We argue that standards-setting bodies should recognize challenges to testing in research
and surveillance contexts in resource-constrained settings where patient safety is not at
immediate risk. Theses bodies should provide evidence-based guidance on low-cost,
environmentally sustainable modifications to industry-standard testing methods for use in
these contexts. The research community must inform this guidance, providing details of
modifications and their outcomes, both successful and unsuccessful.

Introduction

Testing medicines to ensure that they are safe is complicated and expensive. Quality standards are
provided in the International Pharmacopoeia published by the World Health Organization (WHO),
as well as in more than 60 other national and regional pharmacopoeias.'? These documents also

provide monographs detailing how to perform chemical and other testing for specific medicines.

However, they may differ in the medicines they cover, use different definitions of what constitutes

1 of13



Publication: Bulletin of the World Health Organization; Type: Policy & practice
Article ID: BLT.24.292994

an in-specification medicine (that is, have different specifications for setting quality standards), and
stipulate different equipment and methods for preparing and testing samples of the same medicine,
formulation and dose.’ In addition, methods can be inflexible on some points, while remaining

vague on others.

Medicine manufacturing presupposes access to capital, sophisticated equipment, good
technical skills and an exact knowledge of a medicine’s contents and formulation. Manufacturers
can thus be expected to have access to the resources they need to use pharmacopoeias effectively to
ensure their products meet approved quality standards. In countries with substantial pharmaceutical
manufacturing, national medicine regulators should also have the capacity to verify that producers
are meeting agreed pharmacopoeial standards. However, these documents are also used in other
settings. Some regulators sample medicines from retail outlets and health-care settings to check
their quality; these may include products that are imported through special access schemes or
illegally, for which the regulator does not have full formulation details.* As international concern
about exposure to substandard and falsified medicines grows, other researchers are increasingly
conducting market surveys to assess the prevalence of poor quality medicines, particularly in lower-

income settings were the prevalence is believed to be highest.>

In this paper, we focus on the testing challenges faced by researchers or institutions
conducting surveys of medicine quality in resource-constrained settings and the implications these
challenges may have for our understanding of threats to public health. We draw on our own
experience assessing medicine quality in Indonesia and provide a case study of testing amoxicillin

500 mg tablets.

Challenges
Although researchers around the world may face the challenges described below, they are most
acute for researchers working in low- and middle-income settings, where access to funding,

expertise and adequate staff time is often limited.

Monographs and standards

Some pharmacopoeias charge for use of their monographs as well as use of the chemical standards
required in testing. Best known among these publications is the United States Pharmacopeia, used in
140 countries and integrated into the laws of more than 40 countries.” The United States
Pharmacopeia charges 950 United States dollars (US$) a year for a subscription to its monographs
for a single user, while its European equivalent costs 570 euros (€; US$ 645).8° Some other
pharmacopoeias, including the International Pharmacopeia, are available for free. However, they are

not always comprehensive.
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In the International Pharmacopeia, for example, monographs are not available for tablet
forms of three of the five common essential medicines that were included in our Indonesian study:
amoxicillin, amlodipine and cefixime.’” In addition, some essential tests may not be covered. The
International Pharmacopeia monograph for allopurinol, for example, provides guidance for testing
identity and measuring assay (that is, the percentage of labelled active pharmaceutical ingredient
present). However, it does not include dissolution, which is a proxy for how a tablet might perform

in the body.

The cost of reference standards also varies considerably. At regular prices in 2025, 200 mg
of the primary reference standard for amoxicillin cost US$ 283 from the United States
Pharmacopeia, €79 (US$ 90) from the European Pharmacopeia and 500 000 Indonesian rupiah
(US$ 30) from Indonesia’s Infalabs, a service provided by the national medicine regulator.'*1?
Academic discounts are sometimes available, and cheaper, higher volume secondary reference
standards, recognized by some of the more widely used pharmacopoeia, are also available for many

commonly tested active ingredients.'3 However, access to monographs and standards can still

stretch budgets.

Equipment and materials

Monographs vary greatly in the specificity with which they describe both the methods and
equipment necessary for compendial tests such as high-performance liquid chromatography. The
more specific the monographs are about equipment, the harder it may be to comply precisely with
their requirements in settings where access to pieces of equipment meeting particular specifications

1s limited.

In addition, to obtain representative sample solutions, many monographs prescribe methods
that use large quantities of sometimes costly solvents or other substances, but ultimately only tiny
amounts of the solutions are used in testing. This situation increases costs and poses a challenge of
waste disposal, especially when the unused product is toxic, environmentally harmful or contributes

to drug resistance.

Validation and verification

Although many monographs leave room for interpretation, using vague phrases such as “transfer to
a suitable volumetric flask, dilute with water to [unspecified] volume,” the methods in monographs
are considered to have been validated. Laboratories need to perform verification tests to ensure that
their equipment is operating as required, but if they follow the monograph, they do not need to
repeat full validation, which ensures that a test, conducted as specified, yields a valid result. Full

validation is also not needed if a laboratory’s deviation from chromatographic conditions (e.g.
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adjustments to column dimensions, flow rate, column temperature and salt concentrations) fall
within specified limits."* When the equipment, materials, human resources or time needed to follow
a monograph precisely are not available, laboratory staff may modify procedures, for example using
an alternative solvent or a different filtration method. To eliminate any need for revalidation of
methods, such modifications are best avoided. However, practical work-arounds are a fact of life in
resource-constrained settings. Where such work-arounds are necessary, pharmacopoeias generally
require that they be validated before use. The United States Pharmacopeia and guidance from the
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use on validation of compendial procedures also state that validation is needed when there are

changes in the composition of a drug product.!>-1®

However, performing this validation may be challenging. First, validations are best
undertaken in collaboration with multiple independent laboratories accredited in testing the specific
medicine formulations, for example through accreditation by the International Organization for
Standardization or WHO laboratory prequalification. In practice, few low- and middle-income
countries have access to any laboratory accredited for medicine quality testing; where these
countries do have access, these facilities are often run by regulatory institutions with limited

capacity to take on external validation work.

Second, validation is a time-consuming, multistep process requiring high levels of chemistry

skills, which are typically in short supply in resource-constrained settings.

Third, market surveys often sample many different medicines and brands. Even regulators
may sample unauthorized products with unknown excipients (substances other than active
pharmaceutical ingredients in finished pharmaceutical products), and academic researchers rarely
know the precise formulation of each product. Since different manufacturers use different
excipients, compliance with guidance given by the United States Pharmacopeia and the
International Council for Harmonisation on validation requires a new validation procedure for every
different dosage and brand. Even if the skills were available, neither research nor surveillance

budgets allow for this work.

Finally, validation work may consume samples and expensive standards. Samples in our
study cost around US$ 147 each to collect and process, before any laboratory costs.!” Using samples
and reference chemicals for validation is an additional cost. Furthermore, when samples collected as
part of a field survey are used to validate methods rather than contribute to study results, the

representativeness of surveys based on random sampling designs is compromised.

Expertise
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Different modifications of the methods will have different outcomes, as our case study described
later illustrates. However, in resource-constrained settings, laboratory staff may have limited
expertise or experience in testing specific pharmaceutical samples and are unlikely to know the full
composition of a product. Guidelines of the International Conference of Harmonisation recognize
the challenges of revalidation described in the previous section, and recommend that analysts use
their judgement: “Science and risk-based principles can be used to justify whether or not a given
performance characteristic needs revalidation.”'® But less experienced laboratory staff may have
difficulty determining which parts of a mandated procedure can most readily be modified to
minimize potential distortion to testing results. Pharmacopoeias do not currently provide detailed

information that would support such decision-making.

Real-world example, Indonesia

Our Jakarta-based academic research group experienced many of the challenges described above
while implementing STARmeds, a large study of the quality of five medicines collected online and
from randomly selected retail outlets in Indonesia. The STARmeds study methods and results are

reported in detail elsewhere. '8

Here we give a brief summary of a case study of amoxicillin testing. All of the procedures
are reported in detail in the online repository.'® During the study, we collected 231 samples of
amoxicillin 500 mg tablets from 32 different brands and another seven distinct manufacturer-

specific unbranded generic versions.

The ISO/IEC 17025-certified private laboratory that tested the samples used the United

States Pharmacopeia reference standards and the United States Pharmacopeia 43-NF 38 monograph
for amoxicillin tablets,'® but was unable to source a specific flask size required by the monograph.
After considering data on the solubility of amoxicillin trihydrate, the laboratory therefore modified
the procedure. In this modification, five tablets were dissolved in a smaller flask first and then the
resulting solution was further diluted to match the final concentration of the active pharmaceutical
ingredient required by the United States Pharmacopeia monograph (1 mg/mL) The laboratory and
STARmeds staff judged that the deviation from the validated United States Pharmacopeia method

was not large enough to require revalidation.

We tested 75 samples thus prepared using high-performance liquid chromatography. In 40
cases, the amoxicillin tablets contained less than the minimum permitted amount of labelled active
pharmaceutical ingredient (90.0%), a 53.3% failure rate. This rate was more than 90 times higher

than the failure rate reported for 1365 amoxicillin samples collected in random and risk-based
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sampling by the Indonesian medicine regulator (Indonesian Food and Drug Authority) between

2018 and 2020 (data shared by the regulator with the STARmeds research team).

Given this discrepancy, we paused testing, conducted a laboratory investigation and
concluded that the two-step sample solution (online repository)!'® was the most likely source of the

high failure rate.

Since the flasks needed to comply exactly with the United States Pharmacopeia monograph
were still not available, we devised a second work-around. We split five tablets into three groups
(2:2:1) and dissolved them in three separate flasks, and then mixed the resulting solution. This
method at no point exceeded the recommended 1 mg/mL concentration and is much closer to that
used in the United States Pharmacopeia monograph. We retested all 75 previously processed
samples using this second method. As Fig. 1 shows, more than half of the samples fell below the
permitted threshold of 90% active ingredient using the first method. However, when retested using
the second method all samples were above the threshold, and thus complied with the quality

standard.

The results achieved using method 2 matched far more closely the prevalence of substandard
amoxicillin reported by the Indonesian Food and Drug Authority. The Authority’s laboratory has
been pre-qualified by WHO for medicine quality testing since 2019 and we consulted them during
our investigation. We used the second method for all of the remaining amoxicillin tablets tested in
the study. A total of 15/188 amoxicillin tablets failed testing using the second preparation method,
giving an unweighted prevalence of substandard samples of 8.0%. When weighted by the market

share of each brand, the prevalence fell to an estimated 6.3%.'®

Implications

The most obvious lesson we draw is that variations in methods for medicine quality testing can have
an substantial impact on reported results. And yet a search of the literature conducted as part of our
laboratory investigation revealed that it was rare to find such variations acknowledged, and rarer
still to find them reported in detail. Here, we offer additional reflections and recommendations to

improve guidance.

Prevalence of poor quality medicines

In 2017, WHO published a meta-analysis of 100 published field surveys of medicine quality, mostly
in low- and lower middle-income countries. The headline, that one in 10 medicines in those
countries was substandard or falsified, captured the public imagination, even though the report
included many cautions about data quality.>° Absent from those warnings was any discussion of

the possible effect of unreported deviations from validated testing procedures. Modified sample
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preparation methods are unlikely to find an active ingredient that is not there, but they can (as in our
first modified preparation method) lead to incomplete dissolution and release that would overstate
the prevalence of under-dosed medicines and the public health risks posed by such medicines. The
risk may be especially important for antibiotics because under-dosing, as well as harming the
patient, may increase the risks of antimicrobial resistance.?! Thus, studies on medicine quality that
do not report sample preparation methods and other details of testing should be viewed with
caution. Furthermore, reputable organizations should not repeat headline statistics drawn from those

studies.

Pharmacopoeia evidence

While different pharmacopoeias recommend different methods, materials and standards, they very
rarely share the evidence underlying their recommendations. The acceptable range of the labelled
active ingredient in the United States Pharmacopeia 43-NF 38 is 93—107%, whereas the range in the
12th edition of the International Pharmacopoeia is 90-110%. Thus, regulators using the United
States Pharmacopeia standard would consider an allopurinol tablet containing 92% or 108% of the
labelled active ingredient to be substandard, whereas regulators using the International
Pharmacopoeia would consider both samples to be of acceptable quality. Why is there this
difference? Neither monograph provides evidence for the reasoning behind their recommendations

of these cut-offs.

The International Conference of Harmonisation and United States Pharmacopeia agree that
method validation is required if there are changes in the composition of the drug product. However,
most pharmacopoeias address only the active ingredient and say nothing about the excipients, which
vary between manufacturers. This issue calls into question the very notion of a so-called
prevalidated method for a finished formulation. Since users do not know the composition for which
a method has been validated, they must in theory revalidate methods for every brand or

manufacturer with non-identical or unknown formulations.

These contradictions, and the lack of transparency underlying them, create confusion,
including about when validation is needed, and when and why products should be considered
substandard. We recommend that the International Council for Harmonisation and WHO encourage
publication of the evidence on which pharmacopoeia methods and standards are chosen and

considered validated.

We propose that monographs provide information about the likely effect of different types of

excipients on the accuracy of recommended methods. We also urge WHO to include robust, cost-
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effective and waste-limiting monographs for more of the essential medicines and formulations most

commonly used in low- and middle-income countries, including amoxicillin and amlodipine tablets.

Purpose of testing

Pharmacopeia standards were originally developed in rich countries, primarily to help regulators
ensure that profit-driven manufacturers made medicines that did not harm patients. When used in
this context, it is reasonable to expect those manufacturers to assume the costs of performing all
necessary tests to the most rigorous standards, including validating methods for new formulations.
This reasoning holds wherever the manufacturer is based. There is no reason why a pharmaceutical
company in a low-income country that makes unbranded generic medicines on contract for other
companies at home or abroad should be held to lower safety standards than multinationals
manufacturing patented medicines in high-income settings, for producers, safety must always be

paramount.

In the context of medicine quality surveys, including post-market surveillance by regulators
in resource-constrained settings, however, this level of rigour may not be necessary. We simply
need methods that are considered good enough: that is, feasible with locally available skills and
resources, that yield results sensitive enough to trigger further investigation where necessary, and
are specific enough to avoid creating excessive burdens for regulators. These methods should
minimize expense and the creation of waste (such as the potentially unnecessary generation of about
2490 mL of unused antibiotic solution per single test of the 500 mg amoxicillin tablet sample
tested), and align with the sustainability aspirations expressed at the 14th International Meeting of

the World Pharmacopoeias.??

We recommend that standard-setting organizations, including WHO, provide guidance on
specific contexts in which methods may be modified and extend monographs to include tried-and-

tested modifications for those contexts.

Experience sharing

Comparing the prevalence of substandard amoxicillin tablets in STARmeds with the results
obtained by Indonesia’s WHO-prequalified regulatory laboratory (testing samples of the same
brands collected in similar settings), we conclude that the sample preparation used in our first
modification was not good enough to produce valid results; it likely greatly over-estimated the true
proportion of under-dosed tablets. The second modification, although not fully validated, was more
similar to the method prescribed by United States Pharmacopeia and gave a result that more closely
matched results recorded in other studies*® and by the regulator. This method was probably good

enough for a prevalence survey.
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Other modifications would have been possible, for example, crushing tablets before
dissolving them. A study in Togo found high variability in assay results for amoxicillin—clavulanic
acid tablets collected in the country. Although the United States Pharmacopeia monograph instructs
“dissolve with the aid of mechanical stirring” for this formulation, the authors of the study reported
that thorough mechanical disintegration improved reproducibility of results.?* Other researchers in
tropical settings report sonicating for longer than recommended to increase sample solubility. When
testing the quality of amoxicillin capsules in Kenya, a study used the same initial concentration as
our first modification (2.5 mg/mL). However, the Kenyan study assessed the contents of capsules,
not tablets, thus used materials that were already powdered. The authors also reported sonicating for
10 minutes, twice as long as the monograph-recommended period of 5 minutes which we used.?> A
study in Democratic Republic of the Congo sonicated each sample of the anti-malarial artemether
lumefantrine for 2 hours rather than the 20 minutes recommended by the International

Pharmacopeia.?®

In resource-constrained research settings, sample solution preparation procedures such as
powdering tablets and weighing out active ingredient-equivalent masses could reduce the need for
specific flask sizes. A study in Lebanon suggested sampling techniques for powdered material

designed to minimize the risk of introducing bias with these methods.?’

These powdering techniques would also reduce consumption of solvent and generation of
antibiotic waste, thereby saving money and reducing environmental and health-system impact. The
studies cited here are unusual in that they provide details about modifications in sample preparation.
However, informal discussions with colleagues in the field suggest that laboratory work-arounds are
common where there is a scarcity of pharmacopoeia-mandated materials, the money to buy them
and/or the time or expertise to use them appropriately. We also note that in the context of medicine
quality surveys, especially surveys using so-called mystery shopper techniques, large numbers of
units (for example, tablets) per sample are sometimes hard to acquire. This issue sometimes leads

researchers to use fewer units than prescribed by the relevant monograph.

Yet, these modifications are not routinely reported. We urge the medicine quality research
community to report their methods in greater detail and to share the results of any modifications
(including those adjustments, such as our first modification, that do not work well). Such an
evidence base could eventually be integrated into existing standards and guidance to provide
feasible and affordable alternative methods for testing the quality of medicines for use in activities

such as surveillance where patient safety is not at immediate risk.
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Fig. 1. Chemical assay testing of amoxicillin 500 mg using two methods of preparation of the sample solution
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Note: the two methods are described in the section: Real-world example, Indonesia.
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