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Policy Statement

Introduction

Antimicrobial resistance (AMR) is defined as the process by which bacteria, viruses, fungi and
parasites change by time and are no longer responding to antimicrobials, making infections more
difficult to treat and increasing the risk of disease spread, severe iliness and death. AMR is
considered one of the greatest challenges the world is facing and has been declared by the WHO as
one of the top 10 global health threats facing humanity. This highlights the need for more focus on
addressing AMR, tackling its causes and preventing its detrimental consequences.

IFMSA Position

The International Federation of Medical Students Associations (IFMSA) acknowledges the critical
situation of Antimicrobial resistance as a global health issue and a silent pandemic. The IFMSA
affirms the need for an intersectoral collaborative approach, between all key stakeholders, in
addressing the AMR challenge, while focusing on the interlinkage between Antimicrobial resistance
and health and non-health sectors, in order to ensure that its causes, existing relations and
consequences can be tackled in all policies.

Call to Action
Governments

e Collaborate with all key stakeholders, including youth, in the formulation, implementation,
monitoring and evaluation of Antimicrobial Resistance-related prevention, research, and
development initiatives.

e Provide technical and financial assistance to strengthen and support interprofessional
collaboration initiatives to raise awareness, advocate, and lead antimicrobial stewardship via
One Health approach.

e Adopt, implement and monitor effective and sustainable National Action Plans to counter the
antimicrobial resistance through promotion, surveillance, regulation, monitoring, vaccination,
and evaluations.

e Create, adopt and monitor a regulatory framework to extinguish antimicrobial over-the-counter
access in veterinary, environmental and human health.

e Support research and development of new diagnostic tools and methods for infectious
diseases and new antimicrobial classes with the relevant manufacturers and pharmaceutical
companies.

e Update antimicrobial drug registration requirements to facilitate their entry to the market
without compromising their safety and effectiveness.

WHO, UN and International Agencies

e Encourage member states to work on research regarding antimicrobial resistance and the
development of new antibiotics and vaccines.

e Create policy guidelines and provide support to the Member States in developing a regulatory
framework to extinguish antimicrobial agents misuse in all sectors.

e Educate consumers and healthcare professionals on the correct use of antibiotics through
the creation of campaigns and other suitable initiatives, with other key stakeholders, including
youth

e Encouraging and advocating for AMR-related innovation and research, as well as the
development of novel diagnostics, vaccines, and medicines.

e Develop campaigns and promote public awareness on AMR, including its causes,
prevention measures and its consequences.
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e Assist more countries in developing their national AMR surveillance system to meet GLASS
requirements and encourage them to enroll in it.
International Organizations and NGOs
e Advocate for developing more patent-free antimicrobial drugs to reduce their costs for lower
and middle-income countries (LMICs).
e Foster the international collaboration efforts towards researching and developing new
antimicrobial drugs and vaccines.
e Assist governments in their assessment and planning of their financial needs to achieve their
AMR national action plan.
e Promote preventive plans and screening to avoid unnecessary use of antimicrobials.
Healthcare facilities, institutions and universities
e Incorporate interprofessional-approach-based competency framework, antimicrobials
rational prescription, infection control, and surveillance.
Implement antimicrobial stewardship programs.
Involve students in the antimicrobial, vaccine, and diagnostics research and development.
Apply national and international guidelines regarding infectious disease diagnosis and
management.
Health workforce and healthcare professionals
e Follow infectious diseases management guidelines by governments and healthcare facilities.
e Provide AMR-related information in a language, format, and technical level that is
understandable to patients.
e Raise awareness on the importance of following antibiotics prescription by practitioners and
the consequences of its unnecessary use.
e Educate patients on hygiene measures, prevention of infections, and vaccination.
Agriculture and livestock sectors
e Educate livestock producers and farmers on the evidence-based use of antimicrobials in the
prevention and treatment of infections in farm animals and crops.
e Establish data collection, monitoring, and surveillance systems to control antimicrobial use
and resistance in the agriculture and livestock sectors.
Pharmaceutical Companies
e Invest in research and development on new antimicrobials, diagnostics, and vaccines, with a
special focus on priority pathogens.
e Employ ethical standards to regulate the exertion of undue influence over prescribers.
e Prioritize capacity building on Antimicrobial Stewardship (AMS) technical knowledge for
employees and healthcare professionals.
e Implement internal manufacturing quality and surveillance policies to ensure
minimum waste discharge.
IFMSA NMOs and other healthcare student organizations
e Advocate for implementation and incorporation of AMR and One Health in medical curricula
e Initiate active advocacy and promotions for accountable use of antimicrobial agents as well
as prioritization of AMR in national action plans and policies.
e Initiate national youth health students’ alliances to tackle AMR and promote the importance
of One Health approach among youths.
e Promote interprofessional, governmental, and civil society collaborations in tackling AMR.
e Raise the awareness of medical students about the possible public pressure and demand to
prescribe antibiotics and how to overcome it.
Position Paper
Background information:
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Antimicrobials have long been recognised as one of the most important medical breakthroughs of the
twentieth century. Millions of lives have been saved thanks to antibiotics, which have permitted crucial
medical treatments such as surgeries and cancer treatments.[1] The World Health Organization (WHO)
defines antimicrobial resistance (AMR) as the ability of microorganisms (including bacteria, fungi,
viruses and parasites) to become resistant when they are exposed to antimicrobial drugs (such as
antibiotics, antifungals, antivirals and antimalarials) used to treat the infections they cause. They are
referred to as “superbugs”.[2][3] Antimicrobial resistance (AMR) threatens the effective course of
medicines available to treat large numbers of bacterial, viral, fungal and parasitic diseases. It occurs
when the microbial agents change their characteristics over time leading to resistance against
medicines rendering pre-existing drugs useless.[2]

The World Health Organization has proclaimed AMR to be one of the top ten global public health
challenges confronting mankind, with irrational medication usage being the primary cause of drug-
resistant diseases.[3] AMR is estimated to cause 700,000 deaths worldwide each year. Up to 9.5 million
individuals might die each year if current resistance rates rise by 40%. Hospitals spend, on average, an
additional USD 10 000 to 40 000 to treat a patient infected by resistant bacteria according to the “AMR
Policy Insights 2016" by The Organisation for Economic Co-operation and Development countries
(OECD). At current resistance rates, the total GDP effect in The Organisation for Economic Co-operation
and Development countries, accounting for increased healthcare expenditure, would amount to 2.9
trillion USD by 2050.[4]

The World Health Organization (WHO) has long recognised the need for a more effective and well-
coordinated global response to AMR. The Evolving Threat of Antimicrobial Resistance - Options for
Action was issued by WHO in 2012, and it proposed a mixture of actions, including strengthening health
systems and surveillance, encouraging the development of appropriate new vaccines and drugs,
improving antimicrobial use in the community and hospitals, infection prevention and control, in
addition to political commitment.[5] The formulation of this global action plan on antimicrobial
resistance, which was adopted by the United Nations General Assembly in resolution WHA67.25 in May
2015, represents a global consensus that antimicrobial resistance is a serious threat to human
health.[6]

Antimicrobial resistance: a global concern

AMR develops over time, most commonly as a result of genetic alterations. People, animals, food,
plants, and the environment all have antimicrobial-resistant microbes (in water, soil and air). They can
be transmitted from person to person or between humans and animals, as well as through animal-
derived foods. The misuse and overuse of antimicrobials; lack of access to clean water, sanitation, and
hygiene (WASH) for both humans and animals; poor infection and disease prevention and control in
healthcare facilities and farms; and poor access to high-quality, affordable medicines, vaccines, and
diagnostics; lack of awareness and expertise; and lack of legislative enforcement are all major drivers
of antimicrobial resistance.[3]

The emergence and spread of drug-resistant organisms/superbugs pose a challenge to current
therapies, even for common illnesses, due to the development of several acquired mechanisms. In
addition, quality antimicrobials have been scarce. Antibiotic shortages are wreaking havoc on many
countries' healthcare systems at different stages of development. The impact of AMR on different
nations' economies and health systems is substantial since it impacts the quality of care provided to
patients by lengthening hospital stays and making treatment more expensive and intense. This,
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therefore, emphasizes the importance of AMR as a global health issue that needs much focus and
attention. [3]

Discussion
Determinants of AMR

Alongside people's individual characteristics and behaviors that influence their health, there are socio-
economic and environmental factors, the Determinants of Health. [7] The socio-economic
environment - the conditions in which people are born, grow, live, and age driven by money, power,
and resources distribution - can contribute to 45% to 0% of the variations in health status. [8]

AMR is a complex global health problem with complex causes and determinants. [3] To better
understand these determinants we referenced two sources with two different approaches to identifying
and categorizing them; The first grouped them into four categories: pathogen and microbial ecology,
prescribing practices of physicians, population characteristics, and politics and healthcare policy [9];
while the other source grouped them into three categories: determinants of antibiotics used by the
community, determinants of prescribing antibiotics, and determinants of antibiotics dispensing and
sales. [10]

Determinants of prescribing antimicrobials
One of the main determinants of antimicrobial prescribing is diagnostic uncertainty. [9] It leads to
increased antibiotic prescribing in some infections and antimicrobial resistance rates. [9][11] This
uncertainty usually arises from limitations in resources and diagnostic capacities, especially in the
primary health care setting; [11][12] among these is the lack of rapid and sufficient diagnostic tests.
[13]

Molecular microbiological tests help differentiate between bacterial and viral infections, and provide
information about the type of antimicrobial needed for treatment. However, conventional
microbiological tests such as cultures and susceptibility tests take time. [14] Oftentimes, physicians
initiate empirical antimicrobial therapy while waiting for the results of conventional tests in fear of
complications of untreated infection. [9][13] As an example, microbiological diagnosis of community-
acquired pneumonia (CAP) - the fourth cause of death in 2019 among other lower respiratory tract
infections [15] - was successful in less than 50% of cases. To avoid complications and possible
mortalities, physicians have to initiate empirical antimicrobial therapy. [14]

Developing faster and more reliable microbiological tests may contribute to better prescribing of
antimicrobials. [14] In a study on molecular detection of microbes in different types of infections,
nucleic acid amplification tests (NAAT) resulted in rapid pathogen identification and early initiation of
specific antimicrobials. [16] However, it is crucial to couple rapid diagnostic tests with antimicrobials
stewardship programs to improve antimicrobial drugs prescription. [17]

Other determinants of prescribing antimicrobial drugs are related to patients' behavior. In several
studies, physicians reported patients' pressure and demand as an impeller to prescribe unnecessary
antibiotics [18][19][20]. Doctors submitted to patients' pressure due to several factors: fear of
repercussions of patient dissatisfaction, fear of medicolegal sanctions, fear of decreased income, and
avoid wasting time to explain their decision. [20]
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Determinants related to population characteristics

Several determinants are related to population characteristics: travel, health beliefs and education, self-
medication, and financial considerations. [21][9]

Globalization paved the path for easier traveling and migration between countries. As people travel to
other communities and populations they are likely to be exposed to resistant microbes or introduce
such microbes to these populations; There are variations between countries when it comes to the
prevalence of AMR. [22]

Health beliefs and illiteracy in some populations lead them to believe that antibiotics treat any type of
infection. [10] Barker et al. conducted a study in a village in India that showed that almost half of the
participants reported receiving health education in their community. Yet, none could correctly define
antibiotics or their function. [21] Another large study in Japan reported that 80% of the participants did
not know that antibiotics do not treat viral infections and are ineffective against common colds. The
same study reported that 10% of the participants requested antibiotics from their doctors, and almost
23% adjusted their dosage without consulting their doctors. [23]

Inadequate access and expensive high-quality antimicrobial treatment are some of the main factors
driven by poverty and increased AMR. [24] Some patients avoid doctor consultation and self-medicate
instead to save on costs. Others buy a few tablets of antimicrobial drugs and stop medicating once the
symptoms disappear. [21]

Consequences of AMR

One of the major consequences of drug resistance is decreasing the effectiveness of antibiotics
leading to difficulty in treating infections which could increase morbidity and mortality. [3] According
to a study, 700, 000 individuals lose their lives because of infections that cannot be treated due to drug
resistance. [25] Globally, the rise of AMR on an individual level will mean that life-saving medical
procedures such as debridement, disinfection, amputation, and isolation will take longer in treatment.
It will also mean that these procedures will become more invasive, and less successful. [26]

As an effect of longer and less successful infection treatment from AMR, the economic burden will also
become a significant issue because the productivity of the population will be affected through
prolonged hospital stays and the need for more expensive and intensive care [3]. AMR is projected to
cost from $300 billion to more than $1 trillion annually by 2050 worldwide. Organ transplantation will
also become a challenge because of AMR due to risks of exposure to different infections. [25] In
addition, there will be an increased load of burden that will be placed on the family and communities
who will care for those suffering which will widen the gap of health equity. [26]

Overall, the consequences of AMR will become a barrier to achieve Universal Health Coverage (UHC),
which is deemed as the single most powerful concept that public health has to offer. An essential
component of UHC is medicines, including antibiotics and AMR can render existing antibiotics
ineffective, in addition to the fact that the availability of new ones will take time and will most likely be
unaffordable. [27] Reports estimated that if there will be no strong and effective action taken against
AMR, there will be 10 million people that will die across the world by 2050. [25]
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AMR and infectious diseases

AMR and Emerging and Reemerging Infections

The twenty-first century has seen the emergence of many new, high-profile diseases from severe acute
respiratory syndrome (SARS) to avian influenza A (H7N9). Such diseases - called emerging infectious
diseases - are of great public health concern. The World Health Organization defines an emerging
infectious disease as one that has appeared in an affected population for the first time, or has existed
previously but is rapidly increasing, either regarding its spread to other geographical areas or the
number of new cases within a population. In addition, old diseases in a new clinical form that may be
severe or fatal, these are known as re-emerging diseases. [28] Many emerging and re-emerging
diseases are zoonotic in origin, and data show that of all known infectious diseases zoonoses
constitute about 60%. While by classification, 40% of fungi, 50% of bacteria, 70% of protozoa, 80% of
viruses, and 95% of helminths that infect the human population are zoonotic. [29] There are many
factors that precipitate the emergence of new diseases, and this eventually allows infectious diseases
to spread more easily among the new hosts. It also enables infectious agents to evolve into new
ecological niches, to reach and adapt to new hosts. These factors include urbanization and
destruction of natural habitats, resulting in humans and animals living in close proximity; global
climate change and changing ecosystems; changes in populations of reservoir hosts or intermediate
insect vectors; and microbial genetic mutation. [28]

In 2013, the Central Asian Journal of Global Health mentioned that there is a poor understanding of
how zoonotic pathogens evolve from natural ecology and cause diseases. The dynamics of disease
exposure to human beings may be altered by various circumstances, such as animal production,
extraction of natural resources, and antimicrobial application. When factors that affect emerging and
reemerging diseases are not addressed, there will be no borders between ecosystems, which will lead
to AMR. [29] The most important risk factors for a patient to develop a resistant bacterial infection are
poor infection prevention and overuse of antimicrobials, while many of the infections are treatable but
due to AMR, there is shrinkage of the existing therapeutic arsenal of antimicrobial agents. [30]

There are also potential threats that could affect antimicrobial stewardship and drive antimicrobial
resistance during the current COVID-19 pandemic. Many individuals who are presented with mild or
without pneumonia or moderate disease pneumonia receive antibiotics. [31] Thus, there is a need to
reduce the number of prescriptions for these types of infections to prevent AMR and empower the
public to self-manage their symptoms without the use of antimicrobial agents. [30]

AMR and Vaccination

The correlation between AMR and vaccines is simple yet fundamental. In other words, getting a vaccine
will ensure protection against the targeted microbial(s), and in case of disease contraction, chances of
antibiotic need are lower. The reasons why vaccines help in preventing AMR are simple, but the work
that needs to be done is a little bit more complicated. [32]

Although it might seem that vaccines, against bacteria, are the only way to prevent AMR, the role
vaccines play, in this fight, is broader and often overlooked. Starting with viral vaccines, they can help
prevent AMR, by reducing secondary bacterial infections thus decreasing the need for antibiotics to
treat them. Studies conducted in Turkey and Canada showed a decrease in otitis media infections and
fewer influenza-related antibiotic prescriptions after the introduction of the influenza vaccine. [33][34]
Another way is reducing inappropriate writing of antibiotic prescriptions for viral infections. Vaccines
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are also important where antibiotics are overused, like in veterinary and agriculture to limit prophylactic
use of antibiotics in these sectors. [35]

With all the benefits that come from vaccines in preventing AMR, there are still some challenges. Even
though promising results have been apparent as aforementioned, many more vaccines for antibiotic-
resistant bacteria are still needed; hence the need for more funds and work allocated to research on
vaccines and trials, while orienting the work towards target populations to achieve better results. [33]

With proper usage of tools, vaccines can help further in fighting AMR, but for that, an assessment and
a plan are needed. In a WHO AMR initiative meeting, a report was shared on the potential of vaccines
to prevent AMR. What is needed is not only research, but also to prioritize vaccines in the context of
AMR, and to standardize the discussion on vaccines while evaluating the future and solutions of AMR.
(32]

AMR and WASH

The discharge of excreta and the presence of antimicrobial agents and pollutants weaken or deplete
most populations of target bacteria thus, allowing resistant strains to remain. When this continues,
antimicrobial resistance can occur in microorganisms in an environmental setting. [36] As a result of
decades of overuse, inappropriate use of antibiotics and other antimicrobial agents -- antimicrobial-
resistant bacteria and AMR genes persist and become widespread contaminants in water and other
environmental media, including wastewater and human excreta used for agricultural or aquaculture
purposes or eventually discharged to the environment where they can flourish for long periods.
Consequently, there is evidence on further emergence and selection of new AMR traits in bacteria,
including pathogenic bacteria of human health concern. The (aquatic) environment plays a significant
role in the emergence and spread of AMR, by acting as a collecting vessel of resistant bacteria from
animals and humans treated with antibiotics; offering route of exposure in a direct and indirect way to
humans and animals; facilitating the spread of resistant bacteria and resistant through surface water,
groundwater, air, dust, and wildlife; acting as a reservoir for natural resistance markers; and enabling
the exchange of resistance markers between bacterial species. [37]

Each year, hundreds of millions of cases of diarrhea are treated with antimicrobials caused by
dispersal via water, sludge, and manure resulting in the transmission of disease-causing pathogens
to humans, and animals thus increasing the need for treatment with antimicrobial agents. Total
coliforms, fecal coliforms, Escherichia coli, and enterococci are commonly used microbial indicators
of water quality. Data by the World Health Organization in 2020, shows that 14% of people globally
carry E. coli in their feces that produce extended-spectrum beta-lactamase (ESBL) enzymes which
causes resistance to penicillins, cephalosporins, cephamycins, and to some extent carbapenems. [38]

A study in Australia shows that susceptibility tests followed by PCR reveal 81.8% of E. faecalis SNP
profiles and 70.21% of E. faecium SNP profiles were associated with antibiotic resistance. [38] If the
contamination of the environment continues by releasing fecal and other pollutants, including
antimicrobial compounds, creates conditions favorable to transfer or emergence of new resistance
genes and AMR will inevitably occur. [39] 90% of all wastewater is discharged untreated, as reported
in 2014 on AMR and Water, Sanitation, and Hygiene (WaSH) directly into rivers, lakes, or the oceans.
Exposure to these bacteria via environmental media (water, wastewater, irrigated produce) and related
pathways (e.g. faecally contaminated vectors such as flies, contact surfaces, and contaminated
hands) will have a greater disease burden. Human health concerns will continue to emerge as new
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strains or variants of highly resistant enteric bacteria are detected in the environment thus posing
increased human health risks. [37]

There is no specific or general information on antibiotics and antimicrobial agents, their metabolites,
antimicrobial-resistant bacteria, or their AMR genes in the current WHO guidelines for drinking water,
recreational water, and use of wastewater in agriculture and aquaculture with includes the discharge
of excreta. Furthermore, there is also no specific guidance on how to assess, manage, or minimize the
potential human health risk associated with the presence of antimicrobial agents and antimicrobial-
resistant bacteria in human exposure. [37] That is why there is a need to understand and address the
role of water, sanitation, and hygiene (WaSH) in combating AMR to bridge the gap on AMR. [39]

AMR and Health Emergencies

Determining what constitutes a public health emergency is essential. In its 2015 International Health
Regulations (IHR), The WHO defined Public Health Emergency of International Concern (PHEIC) as “an
extraordinary event” that comprises a “public health risk to other states” and to “potentially require a
coordinated international response”. The IHR identifies an event as a Public health risk when it is likely
to cause adverse effects to the health of human populations. [40]

Examples of emergencies with health consequences include infectious diseases outbreaks, zoonotic
diseases, food and water contamination, natural disasters, antimicrobial resistance, chemical and
radio-nuclear contamination. [41][42]

AMR is an endemic global health threat and not an epidemic yet. It can, however, have an impact on
epidemics and pandemics.

This impact can be estimated by identifying the mortality impact of AMR, which depends on four
factors:

the availability of antimicrobial treatment to the infection;

the degree of AMR - complete or partial;

the total mortality that the infection cause;

and the proportion of preventable deaths by that antimicrobial [43]

COVID-19 impact on AMR

COVID-19 has affected all the three factors that influence the spread of AMR in a population:
emergence, transmission, and infection burden at the population level; through direct or indirect
consequences of pandemic responses. Varied interventions set in place to combat COVID-19 have
been put in place. The consequences of these changes have disrupted supply chains & healthcare
and had economic impacts and rising inequalities. [44]

There has been increased use of antimicrobials in the prescription of medications while treating
COVID-19 worldwide to prevent superinfections and limit the damage caused due to widespread
infection of virus in the body. [45] For example, in a study that took place in January 2020 in an adult
infectious disease unit in China, 71% of the patients hospitalized for COVID-19 were found to have
received antibiotics despite a confirmed bacterial co-infection rate of only 1%. Another study in two
hospitals in China mentioned that 95% of COVID-19 patients had received antibiotic regimens in spite
of the fact that a secondary bacterial infection was only found in 15% of the patients.[46]
Antimicrobials have also been employed due to their supposed direct effect on SARS-CoV-2, despite
the lack of scientific evidence that supports this matter. This possibly can lead to developing
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resistance to co-infecting or co-colonising pathogens and this might enhance the likelihood of AMR
due to an increase in incidence and further prevalence of AMR. [44][47]

In addition, in community settings, where vaccination has been delayed, rapid antigen tests may
detect SARS-CoV-2 infections earlier and can provide some curb in the advancement of AMR by the
reduction in prescription and consumption of antimicrobials. However, some current tests employed
for testing are insensitive and provide “false negatives” increasing the spread of infection. [44]

One way to diminish the impact of COVID-19 on AMR is to prioritize public health issues in relation to
key aspects such as the mortality burden. [45] COVID-19 pandemic has shown still how susceptible
we are to infectious diseases. Healthcare systems that have been more prepared to combat
infectious diseases due to the increased frequency of other communicable diseases previously have
demonstrated stronger resilience in the spread of COVID-19 infection, hence reducing AMR. Thus,
setting up response structures and mechanisms emphasizing possible future antimicrobial-resistant
organisms(ARQ) emergence needs to be done to ensure minimal AMR and prevent competition due
to low resources. COVID-19 has not only disrupted public health services but has impacted the way
our society functions. Thus, the notion of treating COVID-19 as a priority may not be changed, as it
may cause millions of deaths. However, moving forward, it is important to create a balance between
fighting COVID-19 and public health issues such as AMR. [44]

AMR and the SDGs

Antimicrobial resistance has an impact on social, environmental and economic levels, affecting the
SDG framework. [48] In 2015, AMR was recognized as a threat to the UN’s sustainable development
goals (SDGs). Although not being in any specific SDG targets, AMR is referenced in the following
paragraph “equally accelerate the pace of progress made in fighting malaria, HIV/AIDS, tuberculosis,
hepatitis, Ebola and other communicable diseases and epidemics, including by addressing growing
antimicrobial resistance and the problem of unattended diseases affecting developing countries” of
the “Transforming our world: the 2030 Agenda for Sustainable Development” adopted by the General
Assembly on 25 September 2015. [49]

SDG1: No Poverty

If no action is taken, the global economic cost of AMR in terms of lost production between now and
2050 would be USS 100 trillion. [50] Low and middle-income countries would be more negatively
impacted, widening the inequality gap within countries [2]. Moreover, in low-income countries, rates of
resistant bacteria are higher and affordable treatment options are usually not available, especially as
many pay for medicines out-of-pocket. Besides that, in some of these countries, the spread of diseases
is enabled by weak sanitary systems. [48]

Treating drug-resistant infections is more expensive, takes longer, and has lower chances of success
than treating drug-susceptible infections which could ultimately contribute to slowing down progress

towards SDG 1. [48]

SDG2: Zero Hunger

Global consumption of antimicrobials in food/animal production was estimated at 63 000 tonnes in
2010 and is projected to rise by 70% by 2030 [50]. The increased demand for animal protein has led to
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a rapid growth of intensive production systems which has been estimated to increase the consumption
of antimicrobials in the food animal sector. [48]

Two of the indicators for the SGD2 are the duplication of agricultural productivity by 2030 and ensure
the implementation of sustainable food production systems and resilient agricultural practices which
creates a conflict with the AMR problem. It is crucial to develop sustainable animal production practices
with high productivity without inadequate use of antimicrobials.[48]

There are several examples of high productivity being reached without the use of antibiotics for growth
promotion or routine mass-medication, and without severe economic losses where the most important
factors are sustainable animal husbandry practices that prevent disease, combined with a legal
framework that regulates the use of antibiotics in the animal sector.[48]

SDG3: Good Health and Well-being

AMR threatens the progress made so far in the health and well-being of populations globally. It affects
health outcomes such as maternal, children, and newborn mortality rates. [51] A study in Vietnam found
that newborn mortality rates thirty days after infection were almost 32%, with a possibility that this
percentage would increase by 27% with each added resistance to an antibiotics class. [52]

To stress the magnitude and complexity of AMR, sometimes they are compared to that of other global
health problems. [53][54] Despite that, there is no specific mention of the AMR in the targets or
indicators of SDG 3. [55] The UN Inter-Agency and Expert Group on the SDG Indicators (IAEG-SDGs) on
its 10th meeting approved a proposal to add a specific indicator for the AMR to the SDG 3d; to “reduce
the percentage of bloodstream infections due to selected antimicrobial-resistant organisms”. [56]

SDG-4: Quality Education

Community involvement raises awareness and helps develop approaches in which people view
themselves as advocates of their own health. This can be an effective way to reduce antibiotic use.
Designing of special markers on the packaging of antimicrobials can also help in curbing the spread of
AMR. Internet sales of antimicrobials pose a threat as they run internationally and without effective
regulations. Therefore, consumers should be made aware of the risks of using non-licensed drugs. [57]

The importance of Antimicrobial resistance should also be addressed through certain training within
the farmers as they have financial consequences when animals are in a poor state. Nevertheless,
primary care providers should be informed about the agricultural use of antimicrobials through specific
training or educational materials. [58] Awareness should be raised on certainly applicable advisories
on each level, as without basic water, sanitation and hygiene, there is an increased chance of spreading
infections and this can lead to AMR transmission. Hand hygiene stations, sanitary toilets and water
treatment improve the way of life in which people live and also reduces the burden of healthcare
facilities to use antimicrobials to treat infections. Raising awareness on proper waste management for
companies and communities, in addition to dissemination of the proper storage information is vital as
a means to reduce AMR. Training health workers is essential to rational antibiotic use including
implementation of interprofessional education for future healthcare workers. [59] Currently, many
private practitioners receive incentives from pharmaceutical representatives in order to prescribe the
medications produced by these companies so there is an increased chance of AMR. Thus, more
advocacy on AMR, in addition to spreading education materials and formulating guidelines based on
proven facts and information, would improve adherence to rational prescription and consumption of
antimicrobials. [60]
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SDG-9: Industry, Innovation and Infrastructure

The need for evolution in the field of antibiotics is constantly rising due to the decrease of effective
drugs. [61] This inhibits innovation, as antimicrobials have a poor return on investment and blur markets
for vaccinations and diagnoses. [62] Innovation in the field of AMR is also not effectively funded and
clinical trials for antibiotics are done by smaller units. In addition to this, there are a lot of voids in the
current pathways, making the approval and licensing of antimicrobials more tedious and time taking.
Development of vaccines, as an option to drugs, also lacks awareness they cannot be effective in all
species, study of genomics is still rarely leading to decreased researches. [61]

Another major challenge while innovating a plan to tackle AMR is the lack of research and data
available. The interlinkage between human and environment have not been understood/ established
clearly so innovations and infrastructure for diagnostic procedures have always been difficult. [61][62]

SDG-12: Responsible Consumption and Production

Manufacturing and industry units have a key role to play in handling waste. The manufactures have to
minimize the production of wastes while production and prevent them from accumulating in the
environment. [63][64] Due to decreased costs, the companies often ignore their responsibilities and the
local companies are severely hit. Moreover, labelling of levels for antibiotic use, where AMR could arise
is not scientifically structured. [65]

The handling of effective antimicrobials should be done in collaboration with all the interested and
relevant stakeholders and plans for a target to be achieved, within the next few years, need to be
developed. These plans should be, necessarily, followed by every country. Lack of global consensus on
policies defining the critical antibiotics in human use at different levels has hampered the efforts to
improve antimicrobial manufacturer waste management. [65][66]

Lack of regulations leads to improper handling and misuse of antibiotics. Defining guidelines and
improving them while monitoring the results should be done in order to have a check on proper
handling. Furthermore, community engagement plays a major role in persuading the manufacturers in
reducing the AMR by forcing them to focus on the risks involved with increasing cases of resistance.
[65]

SDG13: Climate Action

Some research studies and reports tried to answer the questions regarding the interlinkage between
climate change and AMR by “Thinking outside the box”. [67][68] Hani et al. conducted a study covering
30 countries across Europe that linked climate change and three resistant strains from the WHO Global
Priority List of Antibiotic-Resistant Bacteria. They described an almost one-fold increase in
carbapenem-resistant Pseudomonas aeruginosa (CRPA) prevalence because of a 0.5 °C increase in
year-wise temperature. [67] While another study in the USA reported a two-fold increase in CRPA
prevalence for the same temperature rise. They also compared regional temperature variations and
found that an increase in temperature by 10 °C resulted in a 4.2% increase in antibiotic resistance in
Escherichia coli. [69]

SDG17: Partnerships for the Goals

The AMR problem requires partnerships between governments, civil society, and the private sector as
called for in SDG 17. [48] In September 2016, heads of state at the United Nations General Assembly
recognized the need for stronger systems to monitor drug-resistant infections and the volume of
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antimicrobial agents used in humans, animals, and crops, as well as the need for increased
international cooperation and funding. [70]

Achievements in finance, technology and innovation, capacity-building, fair trade, policy and
institutional coherence, stakeholder partnerships and data monitoring and accountability would
strengthen the regulation of antimicrobial usage and improve knowledge and awareness. Besides that,
there would be better promotion of best practices, new innovative approaches using alternatives to
antimicrobial agents and more support for the development of new technologies for diagnosis and
vaccines. [70]

AMR and Health in All Policies

The 8th Global Conference on Health Promotion, organized jointly by the WHO and the Ministry of Social
Affairs and Health issued a statement in which it called on governments for the inclusion of Health in
All Policies. The statement mentioned that governments fortify the ministries of Health to create
incentives with the aim of joining forces with other sectors. [71]

A study done by Van Katwyk et al. suggests that the already set policies to regulate AMR tend to be
regional, and that policy approaches should be more broad and available to all governments and
stakeholders. [72] One of the steps towards incorporating AMR in All Policies that were mentioned was
committee development through the formation of expert teams on stewardship (e.g: The Swedish
Strategic Programme). [73] Many key policies were suggested for AMR control, an example of the role
of governments was to coordinate stakeholders to provide help for firms seeking to bring new tests to
market. This strategy was studied and was found to be cost-effective but it poses a problem which is
the difficulty of stakeholder coordination. [74]

AMR efforts on Global and National levels

AMR Global Action Plan

The Global Action Plan on antimicrobial resistance (GAP) aims to ensure, for as long as possible, the
continuity of successful treatment and prevention of infectious diseases with effective and safe
medicines that are quality-assured, used responsibly and accessible to all who need them. [75]

This global plan focused on combating the emergence and spread of AMR which was adopted by
members of WHO, the Food and Agriculture Organization of United Nations (FAO) and the World
Organization for Animal Health (OIE) in 2015. The GAP was further endorsed by political leaders in 2016
when heads of state issued a high-level political declaration on AMR during the 75th session of the UN
General Assembly, committing to implement the GAP at global, regional and national levels. [76]

The GAP articulates five major goals to combat AMR:
- Improve awareness and understanding of antimicrobial resistance through effective
communication, education and training;
- Strengthen the evidence base and knowledge through research and surveillance;
- Decrease the incidence of infection through effective hygiene, sanitation and infection
prevention measures;
- Optimize the usage of antimicrobial medicines in animal and human health;

IFMSA International Secretariat, c/o IMCC, Narre Allé 14, 2200 Kgbenhavn N., Denmark

www.ifmsa.org Q /ifmsa O @ifmsa @ @youifmsa ® /ifmsa



IFMS A

International Federation of
Medical Students' Associations

- Develop the economic case for sustainable investment that takes account of the needs of all
countries, increasing investment in new medicines, diagnostic tools, vaccines and other
interventions. [76]

The plan sets out the tasks required to achieve them, highlighting the roles and responsibilities of
country governments, the tripartite One Health organizations (FAO, OIE and WHO) and other national
and international partners. To ensure that all stakeholders are fulfilling their roles and responsibilities,
and to assess whether they are collectively bringing about the necessary change in AMR, the
implementation of the GAP needs to be routinely monitored and evaluated. [76]

Outcomes

There has been sustained progress in the development of national action plans even if the initial target
of having national AMR action plans for every country by 2017 was not achieved. [77]

Based on the Monitoring Global Progress on Addressing AMR analysis report survey 2020 most
countries have developed National Action Plans (NAPs) but many failed to identify funding sources for
them. A total of 88.2% of responding countries reported a developed NAP on AMR, whereas only 19.9%
of countries reported funding their NAPs in 2019-2020. Based on the latest World Bank population
data, 90.0% of the global population is covered by countries that have developed NAPs on AMR. [78]

Besides that, the number of countries with ongoing multi sectoral working groups on AMR has
increased from previous years, with 76 countries reporting a functional multi sectoral working group
and over 90% of responding countries had human and animal health sector representatives in their
working groups. Regarding the goal for nationwide awareness campaigns, only 44.9% of reporting
countries had nationwide awareness campaigns targeting priority stakeholder groups, highlighting the
need for additional investments in campaigns with targeted messaging. [78]

Moreover, 75.6% of responding countries offer at least some level of training on AMR for human health
professionals, of which only 9.6% of countries have systematically incorporated AMR into training
curricula for these professionals. Besides that, 57.1% of countries have some level of training on AMR
for professionals in the veterinary sector and only 24.2% of countries have training for professionals in
the farming and environment sector. The trend analysis shows the levels of training in AMR have
increased across the human health, animal health and farming sectors over the past three years, with
the most rapid rise being in the veterinary sector.[78]

Furthermore, 75.4% of countries reported having national AMR surveillance activities in human health,
92 of those countries are currently enrolled in WHO’s Global Antimicrobial Resistance Surveillance
System (GLASS). Over two-thirds of countries collect at least some AMR data on animals, and 41.7%
of countries have systematic data collection on resistance in animals. Countries reported national
monitoring systems for antimicrobial sale and use in the human health sector and 83 countries in
animal health. Around 40% of responding countries do not have a national plan or system to monitor
the use of antimicrobial pesticides, such as bactericides and fungicides.[78]

Regarding the goal of optimizing the use of antimicrobial medicines in human and animal health, 91.9%
of countries reported having laws or regulations on the prescription and sale of antimicrobials for
human use and 71.8% reported having policies for the optimization of the usage of antimicrobials in
human health, such as guidelines for treatment and practices to ensure proper antimicrobial use.
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Regarding the animal sector, 62.8% of countries reported having laws that prohibit the use of antibiotics
for growth promotion. Over half (56.4%) of countries reported having policies to optimize the use of
antimicrobials in animal health, including national legislation that covers all aspects of the national
manufacture, import and marketing of antimicrobials. [78]

National Action Plans

While reflecting on the principles identified in the GAP, the WHO urges the member nations to involve
all the related sectors contributing to the implementation of the action plans and give increased
importance to prevention than mitigation. It has also been advised to prevent the access and at the
same time facilitate adequate access to the antimicrobials which are mandatorily required. In addition,
particular targets should be set and met while framing and implementation of the concerned strategies.
[79]

The development of National Action Plans includes steps like establishing a governance mechanism
where multisectorial coordinated groups can be established, agreeing on a time frame and establishing
a technical working group. Moreover, conducting situational analysis, to understand the prevailing
conditions and hurdles aggravating the problem and might prevent proper implementation of the action
plan needs to be considered. [79]

Once a systematic, transparent multi stakeholder process has been established and various analyses
and assessments have been done, proper planning and implementation become crucial through the
National Action Plans. [79]

Current Global Efforts

In addition to the AMR Global Action Plan, several stakeholders are joining forces to fight this public
health threat. The WHO issued an AMR report in 2014 describing the status of AMR at the time with the
recent data and the further steps to be taken. [80] One year later, the Global Antimicrobial Resistance
Surveillance System was shared in 4 languages to increase its reach with further details on the research
to ensure an evidence-based approach in tackling AMR. [81]

While the work done by the CDC on the AMR challenge was limited to one year (September 2018 -
September 2019), it is evident how it encouraged the One Health approach and connected efforts from
30+ countries with more than 300 commitments made to the challenge. [82]

On top of that, the University of Oxford Big Data Institute partnered with the Institute for Health Metrics
and Evaluation (IHME) to launch the Global Research on Antimicrobial Resistance project that aims to
promote policymakers interventions on the local level and to consolidate, review and analyse all
available data and surveillance systems on AMR worldwide, while disseminating results to the public
by June 2021. [83]

As for the United Nations, the 2016 General Assembly adopted the topic of AMR, as did the High-level
Interactive Dialogue in April 2021. The UN also included AMR in the Sustainable Development Goals of
the 2030 global as discussed in this document. [84]

AMR and Universal Health Coverage

Universal Health Coverage (UHC) strives for the existence of health services available for all individuals
and communities when needed, without causing financial hardship. This concept includes quality
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health services, from health promotion to prevention, treatment, rehabilitation, and palliative care
across the entire life course. [85] One of the major challenges in fighting AMR is improving access to
antimicrobial agents to vulnerable populations and UHC can be a strategy to achieve that. [86]

In many health systems, widespread inappropriate use of antimicrobials is accompanied by inadequate
access to them. An effective antimicrobial resistance strategy must ensure both access to effective
therapy and reduce the risk of resistance emerging. There is a need for action at national and global
levels to ensure that there is an integrated approach to making progress towards UHC and addressing
AMR. [87] This being said, actions to fight AMR should go hand in hand with actions to strengthen the
attributes of health systems that contribute to progress towards UHC, ensuring equity, quality,
efficiency, accountability, sustainability and resilience. [87]

The building blocks of health systems and AMR

e Health Workforce

Training the health workforce in antimicrobial stewardship is crucial to capacitate communities and
hospitals in curbing the consequences of AMR. However, according to WHO, updates and continuing
medical education are being provided by pharmaceutical companies to healthcare workers. This can
be problematic because these companies may have incentives to increase drug sales, specifically
more expensive antimicrobial drugs, which defeats the purpose of antimicrobial stewardship. [60]

The WHO Competency framework for health workers’ education and training on AMR suggests that
there should be a deep understanding of the development and main causes of AMR. This also
includes principles of infection prevention and control and the choice of antimicrobial therapy.
Knowledge on the economic threat of AMR to human health and optimizing the use of antimicrobials
would complement the overall knowledge of the basic principles of AMR. It was also mentioned that
skills in the ability to interpret and communicate policy guidelines on AMR will also be essential. And
lastly, healthcare workers should also advocate awareness amongst all healthcare workers,
communities, and the general public. And efforts to protect the effectiveness of antimicrobials are an
ethical imperative. [88]

Ultimately, even with information awareness, there may be a circumstance when health workers
prescribe antimicrobials unnecessarily if there is not enough time to diagnose or follow-up care is
provided. Therefore, it is important to address the fundamental weakness in primary care, rather than
restricting antibiotic access, as a long-term solution for AMR. [60]

e Leadership and Governance

Leadership and Governance to tackle AMR and develop agenda is key to ensure strategic policy
frameworks are created and implemented. This should be complemented with coalition building,
regulation, and accountability. [89] Well-defined national strategy and regulatory systems should
support sustained development of Antimicrobial Stewardship (AMS) policies. According to Dyar et al.,
including regulatory requirements of institutions should include AMS in the criteria for quality
evaluation, which can bring a positive impact on Antimicrobial Stewardship Programs (ASP). [90]
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Evidence shows that implementation of Antimicrobial Stewardship Programs is high in countries with
the most developed regulatory systems. However, rigorous assessment across many different settings
including the impact of regulatory requirements on responsible antimicrobial use is still needed. [90]

At a global level, governance and accountability are also essential. In 2016, there were discussions of
antimicrobial resistance at the United Nations and a Conscience of Antimicrobial Resistance
Accountability (CARA) was created after the meeting, to create and coordinate an alliance of
organizations, in order to monitor and report progress on the containment of AMR across the globe.
[90]

e Service Delivery

Effective, safe, quality personal and non-personal health interventions provided to those that need that
are the qualities of good service delivery. [89] In the AMR context, UHC programs such as clean water
and sanitation, immunization, and infection prevention and control should be emphasized as
prevention. Another entry-point, to integrate AMR in the service delivery building block of the health
system, is increased opportunities and facilities for better diagnosis; It should focus on people-centered
primary care and increase access to diagnostics. [91]

Implementation of behavior change strategies that target both the individual and healthcare system
more broadly could also be effective. For instance, changing the organization of service delivery or the
culture surrounding prescribing within an institution could greatly improve Antimicrobial Stewardship.
However, changing the culture could be challenging as it usually requires buy-in from top-level
governance, as well as leadership across all healthcare worker groups. [90]

Preventing the spread of resistant infections and lowering the use of antimicrobials through infection
prevention and control is the best and most affordable intervention. But it should also be
complemented with antimicrobial stewardship programs in all healthcare settings, and strengthening
of immunization programs to have a significant impact. [91]

e Health information systems

Well-made health information systems provide decision-makers with reliable, timely, and easy to
understand data. Health information systems generate, compile, analyze, deliver and use data. They
vary according to the needs of the health planners and decision-makers; they could provide information
about the determinants of health, monitor health infrastructure, or monitor health outcomes. While
most developed countries have effective national health information systems, few developing
countries have effective health information systems. [92]

An example of a global antimicrobial resistance information system is the Global Antimicrobial
Resistance Surveillance System (GLASS), launched in October 2015. It aims to guide decision-makers
on global, regional, and national levels to take evidence-based actions towards AMR. It was also
developed to support the global action plan on AMR. It does so by providing standardized, analyzed,
and validated data from participating WHO member states. Then share this data with countries to drive
local, regional and national action. Using GLASS could potentially improve patient safety by providing
standardized, validated data to healthcare providers to base their diagnosis and treatment on it. Thus
promoting Antimicrobial Stewardship Programs (ASP). [93]
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Stewardship can be defined as “the careful and responsible management of something entrusted to
one’s care”. In the context of AMR, this means the rational use of antimicrobials to improve human,
animal, and plant health while avoiding the spread of AMR. Its goal is to efficiently use antimicrobials
while decreasing the spread of AMR. [94] To do so, it is important to innovate and use technological
advancement for efficient ASPs; technological advancements such as electronic medical record (EMR),
clinical decision support systems (CDSS), and mobile applications. [95]

Two studies demonstrated that by using EMR, there was an increase in chart reviews and a 27%
decrease in broad-spectrum antimicrobial use. [95][96] Another technology, the CDSS, monitors
patients and provides timely alerts and reports to help ASPs identify proper interventions. [95] The
majority of health professionals include mobile devices in their workflow and it showed improvement
to their clinical decisions. [97]

e Access to essential medicines

As time passes, the spread of AMR renders more antibiotic drugs ineffective. Many people in low and
middle-income countries (LMICs) lack access to essential, quality antibiotics. [98] Equitable access to
quality, safe, and efficient medical products, vaccines, and technologies is the fourth building block of
a well-functioning health system. [99] The UN defined the indicator to measure access to essential
medicine as the proportion of the population that has “essential medicines continuously available and
affordable at public or private health facilities or medicine outlets that are within one hour walk from
the homes of the population.” [100]

5.7 million people die each year from treatable infectious diseases, most of which are in LMICs; most
of these infections are susceptible to existing antimicrobials if they are accessible. [101] The WHO
report on antibiotic surveillance and consumption describes differences in the consumption rates of
antibiotics among countries; the rate drops as low as 4 Defined Daily Doses (DDD)/inhabitant and rises
as high as 64 DDD/inhabitant. Indicating that some countries are overusing antibiotics, while others
may lack access to these antibiotics. [102]

The Center for Disease Dynamics, Economics & Policy (CDDEP) released a report identifying key access
barriers to antibiotics in LMICs and high-income countries (HICs). The barriers they identified are in
three main categories: drug discovery and development; funding, costs, and affordability; and health
systems supply chains and quality controls. [98]

e Health systems financing

The basis of a well-functioning health system is to ensure that no one is left behind and that all
individuals have access to the quality health services they need. Health system financing should be
built on that basis. It is defined as the “function of a health system concerned with the mobilization,
accumulation, and allocation of money to cover the health needs of the people, individually and
collectively, in the health system”. [92]

Objective five of the global action plan for AMR aims to “Develop the economic case for sustainable
investment that takes account of the needs of all countries, and increase investment in new medicines,
diagnostic tools, vaccines, and other interventions”. [76]

While public investment in researching and developing new antibiotics increased, the private sector has
been continuously decreasing its investment and funding. Current investments are mainly driven by
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small to medium companies that are mostly developing antibiotic agents with limited clinical benefits.
[103]

AMR and Research

Research is considered an important pillar for tackling Antimicrobial Resistance. This has been
highlighted by the actions of many key stakeholders such as the WHO. In 2017, in order to ensure
guidance for research and development into new antimicrobials, diagnostics and vaccines, WHO
created the WHO priority pathogens list, which is compared with the annual WHO reviewal of the pre-
clinical and clinical antibacterial pipelines, in order to see how the pipeline is progressing with respect
to the list. This has shown the urgent need for research and development, in particular for antibacterial
targeting of the gram-negative carbapenem-resistant bacteria. In addition to that, a joint initiative of
WHO and the Drugs for Neglected Diseases Initiative (DNDi) called “Global Antibiotic Research and
Development Partnership” (GARDP) was created to encourage research and development through
public-private partnerships. By 2025, the partnership is looking forward to developing and delivering
five new treatments that target drug-resistant bacteria identified as posing the greatest threat, by the
WHO. [104]

According to the latest 2020 report by the WHO, it showed that none of the 43 antibiotics that are
currently in the process of clinical development adequately address the global health issue of drug
resistance in the world’s most dangerous bacteria. Furthermore, the report has shown that, at the
moment, the pipeline is near static with only a few antibiotics being approved by regulatory agencies in
recent past years. Most of these agents in development are offering limited clinical benefit over existing
treatments, with 82% of the recently approved antibiotics being derived from already existing antibiotic
classes with well-established drug resistance. This led to the report including 27 non-traditional
antibacterial agents in the pipeline including but not limited to antibodies, bacteriophages and therapies
that support the patient’s immune response and decrease the effect of the bacteria. [104][105]

Unfortunately, it has been decades since the latest new original class of antibiotics was introduced in
the late 1980s. Pharmaceutical companies have been decreasing and neglecting investment in new
antibiotics, which are considered, for them, not cost-effective enough and instead are focusing on other
drugs such as cancer drugs. This issue is even increasing the need for research and development in
the antimicrobials and antimicrobial resistance arena. [106]

The WHO 2020 annual review of the clinical and preclinical antibacterial pipelines agrees with the
financial and investment issues regarding research and development as a means of tackling
antimicrobial resistance. Therefore, in addition to the GARDP, WHO has been working with other non-
profit funding partners to accelerate and push forward the antibacterial research. Moreover, the “AMR
Action Fund” initiative has been developed as a collaborative initiative between philanthropies,
pharmaceutical companies, the European Investment Bank, with the support of the WHO, aiming to
strengthen and accelerate antibiotic development through global pooled funding, in addition to
ensuring that the most innovative and promising products receive the required funding. [104]

One Health

One Health is a concept based on the collective effort of various health and science fields to attain
optimal health for people, domestic animals, wildlife, plants, and our environment, recognizing that our
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health is intertwined with the health of animals and with the environment. Many factors of animal and
people’s health but also plants and environment have changed, bringing even more importance to the
concept in the past few years. [107][108]

AMR and Animal Health

Most classes of antimicrobials used to treat bacterial infections in humans are also used in animals.
There are two main concerns in animal health and agriculture: the mass medication of animals with
antimicrobials of critical importance to humans - such as third-generation cephalosporins and
fluoroquinolones, and the long-term use of medically important antimicrobials in feed - such as colistin,
tetracyclines, and macrolides - to promote growth. [107]

In veterinary medicine, there are notable differences in the ways that antimicrobials are used in
companion animals compared to food-producing animals. Antimicrobial use in companion animals is
similar to those in humans, where the drugs are mostly administered on an individual animal basis for
the treatment of clinical infection, with some use for prophylaxis in individual animals, such as post-
surgery. In food animals, if some animals in a group are clinically infected and require antimicrobial
therapy, the drugs are often administered to the entire group through feed or water, even if the majority
of the animals show no signs of infection. The most controversial type of group treatment in food
animals is long-term, low-dose mass medication for growth promotion. The controversy is rooted partly
in the tendency of this practice to select for antimicrobial resistance and partly in its justification on
economic grounds rather than to treat clinical infections. [107]

WHO advocates ending the use of antimicrobials for growth promotion, and the practice has been
banned in Europe and elsewhere and phased out in some other countries, such as the United States
and Canada. In 2018, the World Organization for Animal Health reported that 41% of the 146 countries
reporting the use of antimicrobials in animals allow the use of antimicrobial growth promoters. This
represents a decrease from 51% of the 151 reporting countries in 2012. . All countries in Europe and
the Middle East have a regulatory framework for the use of antimicrobial agents on animals but there
is a lack of policies on this matter in countries in the Americas. [65][107][109]

Some countries like the Netherlands and Denmark, are being considered case studies on this matter,
implementing policies focused on diminishing antibiotic use in agriculture with good results, showing
that it is possible to have low antibiotic use, maintaining production rates and being competitive in
multiple international commercial markets. [65]

AMR and environmental health

It has been shown how the misuse of antimicrobials in different sectors can contribute to the
negative impact on environmental health through the transmission of large amounts of biocides
including but not limited to pesticides, antimicrobials and heavy metals, from various sources such as
livestock agriculture, pharmaceutics, aquaculture, urban activities and hospital waste. The selective
pressure applied on the government by these biocides leads to the spread of antimicrobial resistance
by horizontal gene transfer with the aid of mobile genetic elements that confer resistance to these
compounds and get easily shared among bacterial species.[110]

This linked issue between antimicrobial resistance and environmental health can be further explained
in the animal production system, that uses high levels of antimicrobials in the animals for the sake of
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growth promotion, prophylaxis and treatment and since it is is difficult to give carefully calculated
amounts to the animals according to their needs, huge amongst of antimicrobials are added to the
food and drink and then transferred to the environment through the animal waste. In addition to that,
huge amounts of sewage waste from antimicrobials’ loaded sources are transferred to the water and
thus increasing the spread of antimicrobial resistance through the use of water as a vehicle to
transmit it between humans, animals and the environment, causing an imbalance in the aquatic
system. [111]

In conclusion, the impact of antimicrobial misuse of environmental health and antimicrobial
resistance is very much underestimated in spite of the fact that the environment is considered a very
important reservoir for the spread of antimicrobial resistance. Moreover, several studies have shown
that the release of antimicrobials to the environment, combined with direct contact between
discharged resistant bacteria and the natural bacterial community, are pushing bacterial evolution
and the rise of more resistant strains forward. [112]

Interprofessional Collaboration

Interprofessional collaboration can be defined as "when multiple health workers from different
professional backgrounds work together with patients, families, carers (caregivers), and communities
to deliver the highest quality of care.” It is built upon the idea that when caregivers work together they
understand and consider each other's perspectives providing the best possible care for the patients.
Interprofessional collaborations are especially needed in the case of AMR in order to promote optimal
healthcare, curb financial burdens and improve patient satisfaction. [113]

Doctors

Health care providers, being constantly working with their patients, are key stakeholders who can be
related both with the spread and control of infections and AMR. Thus, raising awareness among
doctors is extremely necessary. Educating health care providers about the AMR and aseptic practices
may help in the control of the spread of infections. [114] The healthcare workforce must guarantee
that the advantages of simply prescribing antimicrobials, to cure patients, do not exceed the potential
hazards posed by AMR. It is important to ensure that the benefits of merely prescribing the
antimicrobials curing the patients don't outweigh the possible threats arising due to AMR. Doctors
need to make sure that the existing efforts to ensure rational drug prescriptions are well adhered to
and modified accordingly, maintaining the local needs. Also, doctors are responsible for not "over-"
prescribing "antimicrobial medications" and informing patients about the hazards associated with
self-medication. [60]

Along with treating the diseases, the doctors have to comply with controlling infections locally in
order to timely report the resistant cases. Doctors also play a major role in screening and surveillance
of possible infections and resistance seen in microbes. In addition, the doctors need to be vigilant
about WHO categorized antibiotics, ensure optimum supplies of drugs, and restrain the use of
antibiotics from the Watch and Reserve drugs. [60]

Mobile applications provide a worldwide reach, and cater to a wide range of needs. The use of the
Internet provides access to a wide range of information, but also promotes misinformation
simultaneously. As the levels of literacy among people are rising across the world, more and more
people with Internet access are educating themselves to manage their own health. Hence, in addition
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to self-education, healthcare workers should work to educate the public in regards to health
promotion, correct antibiotic use, and cleanliness habits at public levels.[60]

Veterinarians

According to the American College of Veterinary Internal Medicine, there is a need for improved
antimicrobial use practices in veterinary medicine, human medicine, and animal production to reduce
the prevalence and impact of AMR. Veterinarians must consider the impact of antimicrobial use in
animals and take steps to optimize antimicrobial use to maximize health benefits to animals while
minimizing the likelihood of antimicrobial resistance and other adverse effects. [115]

All sectors must be included in this matter and it is important that veterinarians focus their efforts on
the areas where they have greater impact, antimicrobial use in animals, working mainly on 3
approaches:

- Preventing disease occurrence in animals is a critical aspect of antimicrobial stewardship, if
disease occurrence can be reduced, the pressure to use antimicrobials therapeutically can be
similarly reduced. This requires appropriate animal care and husbandry, proper vaccines usage,
and implementation of infection control measures on farms and in veterinary hospitals

- Reducing overall antimicrobial drug use;

- Improving antimicrobial drug use. [115]

Reducing and improving antimicrobial drug use are receiving increasing attention, particularly in human
healthcare. However, in animal care, this association is not absolute. There is a need for more studies
in the area, especially regarding unintended consequences. For example, high levels of dietary zinc as
an alternative to antimicrobials for the prevention of postweaning diarrhea in pigs can result in as
strong selection pressure for MRSA as administration of tetracycline. If reduced prophylactic use of
antimicrobials results in increased disease rates and subsequently in the use of newer antimicrobials
with more impact on the commensal microbiota, the benefit of overall antimicrobial reduction can be
lost. [115]

The American College of Veterinary Internal Medicine recommends that most of the antimicrobials
used in animals should be available only by prescription by a veterinarian with a valid
veterinarian/client/patient relationship; it does not recommend over-the-counter access to
antimicrobials. Besides that, non-prescription use of some drugs can increase the risk of resistance,
resulting in ineffective therapy, unnecessary animal suffering, and increase the risk of drug residues in
food animals. [115]

In conclusion, although antimicrobial drug usage for the treatment of animal diseases will continue, it
must be sustainable, within the One Health concept and should develop into a more prudent and
rationally based prescription process [116]

Dentists

In the dental practice, antibiotics are used on several occasions including odontogenic and non-
odontogenic infections, local infections, focal infections, and prophylaxis. In addition, they are used for
certain groups including those with infective endocarditis, prosthetic joints, metabolic disorders and
immunosuppressed conditions. However, some studies have shown that only about 12% of dentists
prescribe antibiotics wisely, resulting in a higher incidence of antibiotics complications including but
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not limited to allergic and dermatological disorders and hypersensitivity reactions, in addition to
antimicrobial resistance, and diversion of bacterial microbiota. The use of antibiotics after dental
surgical interventions has been proven useful in many cases, but the unwise prescription of antibiotics
can produce adverse results, as mentioned earlier. [117]

Moreover, some studies also indicated that 10% of antibiotic prescriptions are made by dentists and
that the use of antibiotics in dental practice is characterized by empirical prescription on the basis of
clinical and bacteriological epidemiological factors, while using broad-spectrum antibiotics for short
periods of time, and the application of a very narrow range of antibiotics. [118]

Examples of the misuse of antibiotics by dentists include: overuse of antibiotics for prophylaxis for
infectious diseases more than treatment of the infections themselves; usage of antibiotics for acute
and chronic infections of the oral cavity, which can otherwise be treated by other methods; and
antibiotics therapy to prevent local infection and systemic spread among those patients undergoing
surgery for treatment, in spite of the fact that surgical devices and implants may result in infections
that are resistant to systemic antibiotics. [119]

Pharmacists

Pharmacists play a role in the fight against AMR primarily through adequate selection of antimicrobials
in their practice. According to a study done by Saha et Al, the role of pharmacists is deeply understood
by first identifying their role in the context of infectious diseases. [120] Pharmacists have proven a
contribution to disease management, especially in the context of COVID-19, where they ensured the
adoption of prevention methods, established rapid diagnosis, and performed tests. [121] According to
the aforementioned, there is a huge overlap between the fields of work of both pharmacists and
physicians. Both are the first contact between a patient and infections; hence they have a role in making
optimal choices while selecting antimicrobials and promoting stewardship. [120]

A certain concern that rises while highlighting the importance of the collaboration between pharmacists
and other healthcare professionals in their readiness. Khan et al. tackled the roots of it all, which is
education. According to a study done in 2018, a strategic plan was put into practice in 2004 to
implement interprofessional education. The challenges faced by these programs were mainly cultural
and resulting from the unpreparedness and lack of promotion of a collaborative approach in healthcare.
[122] In addition, according to several studies, not only do they contribute to educational levels through
for example educating patients on antibiotic therapy [123], but also contributed to a decreased time of
appropriate therapy which emphasizes the importance of pharmacy presence in emergency
departments. [124]

Other healthcare professionals

The misuse and overuse of antimicrobials have increased the acceleration of resistance to
antimicrobial drugs. Other healthcare workers such as nurses, and midwives play a significant role in
antimicrobial stewardship and infection prevention and control. They can advocate for rational
antibiotic use, and increase the awareness of patients on the responsible use of antimicrobial
medications. [125]

Substantial efforts are needed to ensure behavior change in healthcare workers and patients, with little
training on AMR and rational antibiotic use, most of which are focused on infectious disease specialists
or pharmacists, which will be lacking in addressing AMR. So other healthcare workers should be
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included in training because the lack of a coordinated approach to AMR education will become a
challenge. [125] Another threat to AMR includes a high rate of healthcare-associated infections which
is needed to address alongside with prescription of antimicrobials. [2] According to Hayat et al., 49.6%
of nurses view AMR to be a serious threat. And with regards to patient care and eradication of AMR
58.4% agree that improving prescribing of antimicrobials could decrease AMR. This difference of views
among healthcare professionals towards AMR could affect guidelines to treat resistant infections.
[126]

To combat AMR in hospitals, healthcare professionals should have adequate awareness and training
in AMR, its triggering factors, and strategies on how to cope with it. Because these hospital-based
antimicrobial stewardship programs will be affected by the different views of the healthcare
professionals. In addition, its successful implementation is highly dependent on the joint efforts which
include nurses, and midwives as the stakeholders. [126]
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