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Abstract

Poor-quality antimicrobial medicines continue to proliferate across
supply chains, threatening patients’ health and safety, especially in low-
and middle-income regions. This article discusses consequences and
risks of antimicrobial resistance and other ways in which antimicrobial
medicines can be of poor quality and recommends regulatory and policy
reforms to help maintain supply chain resilience and quality of
antimicrobial medicines.
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Introduction

The World Health Organization (WHO) has declared antimicrobial resistance (AMR) one
of the top global public health threats facing humanity.? In the United States, more than
2.8 million antibiotic-resistant infections occur each year, resulting in more than 35 000
deaths,? and a recent study estimated that nearly 5 million people died worldwide in
2019 due to causes associated with AMR, with over 1 million deaths directly attributable
to AMR.34

Poor-quality antimicrobials continue to proliferate across the medicines supply chain,
threatening patient health and possibly increasing the incidence of AMR.56 A 2017 WHO
study estimated that approximately 1 in 10 medicines in low- and middle-income
countries (LMICs) are substandard or falsified (SF),5 with more recent estimates
suggesting that approximately 17% of the global antibiotic supply may be SF.6 SF
antimicrobials can lead to failure in patient outcomes and substantial economic costs.
The WHO estimated that between 72 430 and 169 271 excess child pneumonia deaths
are due to SF antibiotic use.5 Another national-level modeling study estimated that poor-
quality antimalarials were responsible for over 12 000 deaths of children under 5 years
of age and more than $890 million in costs annually in Nigeria.” Incorporating
antimalarial resistance, the model estimated that, in Nigeria, annual deaths among
patients under 5 years of age would increase by 7700 and that annual costs would
increase by another $839 million.” Consequently, it is a moral imperative for countries
to work together to sustain a supply of effective, quality-assured antimicrobials that is
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both resilient to supply chain disruptions and that patients around the world can access
in an equitable manner.

What Are Substandard Medicines?

While misuse and overuse of antimicrobial medicines are major drivers of AMR,8
another often-overlooked cause of AMR is the presence of SF antimicrobials.
Substandard medicines are products authorized for use that fail to meet quality
standards or their specifications, or both.5 For example, in substandard antimicrobial
formulations, the active pharmaceutical ingredient (APl)—the biologically active
component of a drug—may be present in a lesser dose than is required to treat the
infection.® Poor-quality excipients, impurities, or degradation can also affect the
medicine’s solubility, bioavailability, and antimicrobial activity. Falsified medicines
deliberately or fraudulently misrepresent their identity, composition, or source. In the
case of substandard antibiotics, antimicrobial characteristics and antimicrobials’
subsequent interactions with bacteria can result in bacteria becoming altered, leading to
AMR development.

Why Antimicrobial Quality Matters Everywhere

In the United States, legislative proposals are under consideration and public-private
partnerships have been formed to provide investments to ensure the availability of
quality medicines.910.11.12 However, the problem of medicine quality must be viewed
through a multidisciplinary global lens, which includes evidence-based research on the
impact of poor-quality antimicrobials on AMR.

Experimental research from the United States Pharmacopeia’s Quality Institute, which
sponsors independent research to inform policy decisions, helps build the evidence
base that poor-quality antibiotics can drive bacteria to become multidrug resistant.13
One such study found that exposure to low levels of API (in ciprofloxacin) led to
multidrug resistance development that was below the clinical cut-off for resistance—
which means resistance may go unreported or undetected until it is a significant
problem.14 Low-level resistance can serve to establish a reservoir of bacteria primed for
further development of resistance.14 This finding has important policy implications, as
early emergence of resistance, especially in locations with high incidence of SF
antibiotics, might be missed in current surveillance strategies. Research has also shown
that exposure to impurities and degradation products—unwanted chemicals or by-
products that can develop during the manufacturing, transportation, and storage of
drugs—can promote AMR and interfere with content assays that aim to measure the
guantity of APl in a medicine.15.16 Maintaining good storage and distribution practices
along the medicines supply chain is also critical for maintaining quality medicines.

Tackling medicinal quality is critical to achieving universal health coverage (UHC), which
the United Nations (UN) has identified as a global target. Sustainable Development Goal
(SDG) 3.8 seeks to “achieve universal health coverage, including financial risk
protection, access to quality essential health-care services, and access to safe,
effective, quality and affordable essential medicines and vaccines for all.”17.18 While
access to quality medicines is mentioned under SDG 3.8, medicine quality itself is not
one of the indicators of progress towards UHC.2° This is a blind spot. The UN Interagency
Coordination Group on Antimicrobial Resistance highlights the need for UHC schemes to
promote not only access to quality-assured medicines but also appropriate use of
antimicrobials to reduce AMR.20
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Prior to the emergence of SARS-CoV-2, the virus that causes coronavirus disease
(COVID-19) and that led to the ensuing global pandemic, AMR was one of the world’s
most concerning public health issues. As emergency declarations end and the threat of
severe disease, hospitalization, or death from COVID-19 continues to decline, AMR has
the potential to become the next major public health emergency. However, apathy
toward discovery of new antibiotics in high-income countries persists.21 Many
pharmaceutical companies have stopped investing in research and development of
antibiotics due to low financial projections. Increased funding for academic institutions
and smaller start-ups to develop new antibiotics is promising though somewhat
fragmented; however, scientific discovery is inherently slow, and getting a product onto
the market requires substantial clinical work.22 Thus, it is critical to maintain the quality
of the antibiotics that we currently utilize. Additionally, medicine quality is rarely studied
in high-income countries, where a lack of published SF prevalence data, despite
documented recalls of poor-quality products, has led to gaps in our knowledge.23 The
COVID-19 pandemic has demonstrated that infectious diseases and supply chain
disruptions are not isolated and can rapidly spread across the globe. Addressing the
issue of medicine quality and AMR requires global investment and collaborative work at
the local, regional, national, and global levels that relies on shared and effective
communication, collaboration, and coordination.

Supply Resilience and Quality Assurance

Several factors contribute to supply chain vulnerabilities that can exacerbate the
proliferation of SF medicines. Increasingly common shortages of antimicrobials—
including antibiotics like amoxicillin—and consequent increase in demand can create an
incentive for actors to introduce SF products into the supply chain.24 While LMICs
experience drug shortages most acutely, the consequences, especially for AMR
development, are global. Additionally, APl manufacturing is geographically concentrated
in a few locations, and concerns over antibiotic APl quality have been another source of
vulnerability in the supply chain, especially with the increase of extreme weather events
that can cause product degradation or cut off supply.25.26 However, attributing poor
medicine quality to origin of manufacture, without evidence, should be avoided.

Global stakeholders, such as policy makers, national regulatory authorities, and public
health authorities, have a responsibility to ensure equitable access to quality-assured
antibiotics, especially by vulnerable populations. Medicine shortages and the
proliferation of unauthorized sellers in many places undermine this goal. In many LMICs,
people seeking medical treatment may access medicines from unlicensed outlets
associated with poor-quality medicines and practices.19.27.28 There would be less
economic incentive to produce poor-quality antimicrobials if patients were ensured
access to quality-assured antimicrobials.

Increased Efforts to Incorporate Quality Dimensions in National Action Plans

For effective AMR stewardship, countries need to develop and implement a national
strategy to combat AMR that integrates medicine quality. In 2015, the World Health
Assembly encouraged member states to develop individual national action plans (NAPs)
to fight AMR.2° Since that time, many countries have developed NAPs, and several have
incorporated quality dimensions in their plans. A review of publicly available NAPs in
2018 found that 27 of 41 NAPs included medicine quality.3° Applying the cornerstone
WHO “prevent, detect and respond” framework,®> NAPs have outlined medicine quality
activities, including implementing good manufacturing practices; coordinating quality
control; establishing national surveillance; strengthening laboratory systems;
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implementing a single drug regulatory system across human, animal, and aquaculture
sectors; and removing SF medicines from the market.30.31

Additional work is necessary to convey the importance of AMR NAPs and their inclusion
of quality considerations. It is also imperative that the global community continue to
provide financial and technical resources to develop and implement national AMR
strategies. Since resistance knows no borders, resistance in one country will remain a
problem globally.

Global Call to Action

Given the negative effects of poor-quality antimicrobials on AMR and public health,
sustaining a resilient supply of quality antimicrobials is a global health imperative. Policy
makers, regulators, manufacturers, distributors, and other stakeholders should build
and maintain a resilient supply of quality-assured antimicrobials. These efforts are
difficult and expensive and will require international cooperation and continued capital
investment. We recommend 3 specific policy and regulatory reforms.

1. Prioritizing the building of resiliency into the global antimicrobial supply chain,
including by fostering broader geographic distribution (less concentration) and
more sources of API production.

2. Building capabilities among global stakeholders (eg, national regulatory
agencies) to reduce the proliferation of poor-quality antimicrobials and to ensure
access to effective antimicrobials by taking these steps:

a. Adhering to science-based public quality standards.

b. Increasing the use of AMR surveillance tools and strategies to track the
emergence of resistance and provide targeted action.

c. Increasing the development of proactive risk-based tools and risk-based
testing for quality along multiple points of the supply chain.3233

d. Developing and strengthening quality assurance of local and regional API
and finished product manufacturing by providing incentives in order to
diversify the supply chain and build capacity.

e. Increasing information sharing and transparency through regulatory reliance
and recognition agreements among national regulatory authorities to help
facilitate bilateral cooperation.

3. Implementing steps to increase funding to incentivize research and
development on the next generation of products while assuring the quality of the
current antimicrobial armamentarium.

Conclusion

Antimicrobials are lifesaving drugs that all countries need to protect the health of their
populations. It is necessary to continue to raise awareness of the role that poor-quality
medicines play in AMR. The global community should provide additional financial and
technical resources as countries continue to implement AMR NAPs. Importantly,
securing a resilient supply of antimicrobials made with quality APIs and excipients is
imperative to ensuring that patients have access to effective therapies.

References
1. Antimicrobial resistance. World Health Organization. November 21, 2023.
Accessed March 15, 2023. https://www.who.int/news-room/fact-
sheets/detail/antimicrobial-resistance

AMA Journal of Ethics, June 2024 475


https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance

476

10.

11.

12.

13.

14.

15.

16.

17.

Antibiotics Resistance Coordination and Strategy Unit. Antibiotic Resistance
Threats in the United States, 2019. Centers for Disease Control and Prevention;
2019. Accessed August 17, 2020.
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-
508.pdf

Murray CJL, Ikuta KS, Sharara F, et al; Antimicrobial Resistance Collaborators.
Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis. Lancet. 2022;399(10325):629-655.

O’Neill J. Tackling drug-resistant infections globally: final report and
recommendations. Review on Antimicrobial Resistance; 2016. Accessed January
17, 2024. https://amr-
review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
World Health Organization. A study on the public health and socioeconomic
impact of substandard and falsified medical products. World Health
Organization; 2017. Accessed January 17, 2024.
https://iris.who.int/bitstream/handle/10665/331690/9789241513432-
eng.pdf?sequence=1

Zabala GA, Bellingham K, Vidhamaly V, et al. Substandard and falsified
antibiotics: neglected drivers of antimicrobial resistance? BMJ Glob Health.
2022;7(8):e008587.

Beargie SM, Higgins CR, Evans DR, Laing SK, Erim D, Ozawa S. The economic
impact of substandard and falsified antimalarial medications in Nigeria. PLoS
One. 2019;14(8):e0217910.

Chatterjee A, Modarai M, Naylor NR, et al. Quantifying drivers of antibiotic
resistance in humans: a systematic review. Lancet Infect Dis.
2018;18(12):e368-e378.

The PASTEUR Act, S 4760, 116 Cong, 2nd Sess (2020). Accessed March 16,
2023. https://www.congress.gov/bill/116th-congress/senate-
bill/4760/text?r=2&s=1

The PASTEUR Act, HR 8920, 116 Cong, 2nd Sess (2020). Accessed December
13, 2023. https://www.congress.gov/bill/116th-congress/house-bill/8920
About. AMR Action Fund. Accessed December 13, 2023.
https://www.amractionfund.com/about

About CARB-X. CARB-X. Accessed August 23, 2022. https://carb-
x.org/about/overview/

Hassett MR, Roepe PD. In vitro growth competition experiments that suggest
consequences of the substandard artemisinin epidemic that may be
accelerating drug resistance in P falciparum malaria. PLoS One.
2021;16(3):e0248057.

Ching C, Zaman MH. Development and selection of low-level multi-drug
resistance over an extended range of sub-inhibitory ciprofloxacin concentrations
in Escherichia coli. Sci Rep. 2020;10:8754.

Ching C, Zaman MH. Impact of ciprofloxacin impurities on bacterial growth,
antibiotic resistance development and content assays. Lett App! Microbiol.
2021;73(2):220-228.

Weinstein ZB, Zaman MH. Evolution of rifampin resistance in Escherichia coli
and Mycobacterium smegmatis due to substandard drugs. Antimicrob Agents
Chemother. 2018;63(1):1-8.

Hogan DR, Stevens GA, Hosseinpoor AR, Boerma T. Monitoring universal health
coverage within the Sustainable Development Goals: development and baseline

journalofethics.org


https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://iris.who.int/bitstream/handle/10665/331690/9789241513432-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/331690/9789241513432-eng.pdf?sequence=1
https://www.congress.gov/bill/116th-congress/senate-bill/4760/text?r=2&s=1
https://www.congress.gov/bill/116th-congress/senate-bill/4760/text?r=2&s=1
https://www.congress.gov/bill/116th-congress/house-bill/8920
https://www.amractionfund.com/about
https://carb-x.org/about/overview/
https://carb-x.org/about/overview/

data for an index of essential health services. Lancet Glob Health.
2018;6(2):e152-e168.

18. Targets of Sustainable Development Goal 3. World Health Organization.
Accessed June 1, 2023. https://www.who.int/europe/about-us/our-
work/sustainable-development-goals/targets-of-sustainable-development-goal-3

19. Orubu ESF, Ching C, Zaman MH, Wirtz VJ. Tackling the blind spot of poor-quality
medicines in universal health coverage. J Pharm Policy Pract. 2020;13(1):40.

20. Interagency Coordination Group on Antimicrobial Resistance. No time to wait:
securing the future from drug-resistant infections. World Health Organization;
2019. Accessed March 15, 2023. https://cdn.who.int/media/docs/default-
source/documents/no-time-to-wait-securing-the-future-from-drug-resistant-
infections-en.pdf?sfvrsn=5b424d7_6&download=true

21.Tiong JIL, Loo JSE, Mai CW. Global antimicrobial stewardship: a closer look at
the formidable implementation challenges. Front Microbiol. 2016;7:1860.

22.Wasan H, Singh D, Reeta KH, Gupta YK. Landscape of push funding in antibiotic
research: current status and way forward. Biology (Basel). 2023;12(1):101.

23. Naughton BD, Akgul E. Medicine quality in high-income countries: the obstacles
to comparative prevalence studies. Med Access Point Care.
2021;5:23992026211052272.

24, Pisani E, Nistor AL, Hasnida A, Parmaksiz K, Xu J, Kok MO. Identifying market
risk for substandard and falsified medicines: an analytic framework based on
qualitative research in China, Indonesia, Turkey and Romania. Wellcome Open
Res. 2019;4(70):70.

25. Raghavendran V. How extreme weather thousands of miles away can affect your
medicines. Quality Matters. August 22, 2022. Accessed December 13, 2023.
https://qualitymatters.usp.org/how-extreme-weather-affects-medicines

26. Raghavendran V, Christian M. Supply chain vulnerabilities exist for antimicrobial
medicines: USP medicine supply map analysis. Quality Matters. May 24, 2022.
Accessed March 16, 2023. https://qualitymatters.usp.org/supply-chain-
vulnerabilities-for-antimicrobial-medicines

27. Liow E, Kassam R, Sekiwunga R. Understanding unlicensed drug vendor
practices related to childhood malaria in one rural district of Uganda: an
exploratory study. J Trop Med. 2018;2018:6987435.

28. Bekoe SO, Ahiabu MA, Orman E, et al. Exposure of consumers to substandard
antibiotics from selected authorised and unauthorised medicine sales outlets in
Ghana. Trop Med Int Health. 2020;25(8):962-975.

29. Global action plan on antimicrobial resistance. Sixty-Eighth World Health
Assembly. May 26, 2015. Accessed March 16, 2023.
https://apps.who.int/gb/ebwha/pdf_files/WHAG8/AG68_R7-en.pdf

30. Nallathambi KN, Nguyen PP, Bond KC. Advancing quality of medicines to combat
antimicrobial resistance. US Pharmacopeia; 2019. Accessed December 13,
2023. https://www.usp.org/sites/default/files/usp/document/about/public-
policy/medicine-quality-antimicrobial-resistance.pdf

31. Health Emergencies Programme. WHO’s work in emergencies: prepare, prevent,
detect and respond: annual report 2018. World Health Organization; 2019.
Accessed March 16, 2023.
https://iris.who.int/bitstream/handle/10665/312267/WHO-WHE-SPP-2019.1-
AR-eng.pdf?sequence=1

32. Ching C, Fuzail MA, Zaman MH, Wirtz VJ. Relative risk assessment for
substandard antibiotics along the manufacturing and supply chain: a proof-of-
concept study. Ther Innov Regul Sci. 2023;57(1):121-131.

AMA Journal of Ethics, June 2024 477


https://www.who.int/europe/about-us/our-work/sustainable-development-goals/targets-of-sustainable-development-goal-3
https://www.who.int/europe/about-us/our-work/sustainable-development-goals/targets-of-sustainable-development-goal-3
https://cdn.who.int/media/docs/default-source/documents/no-time-to-wait-securing-the-future-from-drug-resistant-infections-en.pdf?sfvrsn=5b424d7_6&download=true
https://cdn.who.int/media/docs/default-source/documents/no-time-to-wait-securing-the-future-from-drug-resistant-infections-en.pdf?sfvrsn=5b424d7_6&download=true
https://cdn.who.int/media/docs/default-source/documents/no-time-to-wait-securing-the-future-from-drug-resistant-infections-en.pdf?sfvrsn=5b424d7_6&download=true
https://qualitymatters.usp.org/how-extreme-weather-affects-medicines
https://qualitymatters.usp.org/supply-chain-vulnerabilities-for-antimicrobial-medicines
https://qualitymatters.usp.org/supply-chain-vulnerabilities-for-antimicrobial-medicines
https://apps.who.int/gb/ebwha/pdf_files/WHA68/A68_R7-en.pdf
https://www.usp.org/sites/default/files/usp/document/about/public-policy/medicine-quality-antimicrobial-resistance.pdf
https://www.usp.org/sites/default/files/usp/document/about/public-policy/medicine-quality-antimicrobial-resistance.pdf
https://iris.who.int/bitstream/handle/10665/312267/WHO-WHE-SPP-2019.1-AR-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/312267/WHO-WHE-SPP-2019.1-AR-eng.pdf?sequence=1

33. Medicines Risk-Based Surveillance Tool. Accessed December 13, 2023.
https://medrsv2.com/

Amy B. Cadwallader, PhD is the director of regulatory and public policy development at
US Pharmacopeia, where a core facet of her work focuses on global medicines supply
chain issues. Dr Cadwallader received a PhD in pharmacology and analytical toxicology
from the University of Utah, an MS in biology/forensic science from Virginia
Commonwealth University, and a BS in chemistry and in biochemistry and molecular
biology from Dickinson College.

Kavitha Nallathambi, MPH, MBA is a senior advisor on policy and advocacy for Project
Hope and the former senior manager of global public policy at US Pharmacopeia.

Carly Ching, PhD is a US Pharmacopeia Quality Institute fellow. She has published on
substandard antibiotics and antibiotic resistance development, risk assessment
frameworks for substandard medicines along the supply chain, and infectious disease
burdens globally.

Citation
AMA J Ethics. 2024;26(6):E472-478.

DOI
10.1001/amajethics.2024.472.

Conflict of Interest Disclosure
Authors disclosed no conflicts of interest.

The viewpoints expressed in this article are those of the author(s) and do not
necessarily reflect the views and policies of the AMA.

Copyright 2024 American Medical Association. All rights reserved.
ISSN 2376-6980

478 journalofethics.org


https://medrsv2.com/

