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The aim of the research is to assess the factors fuelling Antimicrobial Resistance (AMR) and its
economic and clinical burden. For this purpose, a systematic review was conducted, which included an
analysis of factors and economic and clinical burden of AMR. It was found that poorly treated sewage;
discharges from antibiotic manufacturing plants, empirical prescribing, lack of antimicrobial
stewardship, poor AMR monitoring; hospital-acquired infections and human-to-human contacts with
environmental pathogens through food; and increase in global trade and travel are the factors behind
the spread of AMR. Further, based on previous research, the study found a significant economic and
clinical burden caused by AMR infections. It is recommended that well-organised antimicrobial
stewardship be in place, AMR monitoring, limit access to antibiotics via over the counter dispensing
without prescriptions, mandatory sensitivity tests for antimicrobial prescription be considered, proper
hygiene in hospitals and medicine manufacturing sites must be ensured to reduce global AMR.
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INTRODUCTION

Over the last decade, antimicrobial resistance (AMR) has
become a global menace. lIts rise is due to the misuse of
antimicrobial in food-producing humans and animals, and
globalisation and suboptimal infection control facilitated
its spread across the globe (Huttner et al., 2013).
According to WHO (2017), AMR is a comprehensive term
for resistance in several types of microorganism and
involves resistance to antiviral, antiphrastic, antiviral and

antibacterial drugs. Consequently, the effectiveness of
standard treatment is lost, and infections continue to
spread. AMR is observed as a global concern because of
the existing and probable effect on global population
health, Gross Domestic Product (GDP) and cost to
healthcare, largely through inadequate treatment options
(O'Neill, 2014).

Earlier reports suggest that figures of infections are
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increasing globally due to resistant microbes (ECDC,
2015). Generally, the societal (or economic) viewpoint
includes the possible effect on the labour via lost
productivity (Smith and Coast, 2012); however, it also
comprises the burden on patient out-of-pocket
expenditures and on careers (Tam and O’Brien, 2016;
Naylor et al., 2018). According to Hwang and Gums
(2016), the rise of AMR has placed significant societal
concerns and economic burden on the healthcare
systems. Various factors have resulted in the occurrence
of AMR, including access and inappropriate use of
antimicrobials, microbial adaptation via selective
pressures and a lack of new antimicrobials in
development. Recently, efforts have been made to
reduce a few of these factors in outpatient and inpatient
setting along with increasing public awareness and
promoting education to clinicians. The programs such as
antimicrobial stewardship offer a multi-intervention
framework to control the inappropriate recommending of
antimicrobials, offer best antimicrobial therapy, and avert
the increase of AMR.

AMR in humans is impacted by environmental and
bacterial factors, such as exposure to environmental
waste and pollution, hospital-acquired infections, over the
use of antibiotics in animal farming and food production
(Allcock et al., 2017). Landers et al. (2012) concluded
that antimicrobial use in clinical medicine has substantially
reduced the problem of infectious diseases and
supported multifaceted medical interventions, for
example, advanced surgery and organ transplantation
which routinely are susceptible to infections have had
positive outcomes. Further, in clinical medicine, the
overuse or misuse of antimicrobial is a key factor behind
the development of AMR in the global population.
Maragakis et al. (2008) assert that treatment factors such
as delay in proper antimicrobial treatment and toxicity
related to treatment contributed to negative impacts in
patients infected with AMR organisms.

Antimicrobials have a significant role in diminishing
mortality and morbidity from infective diseases.
Nevertheless, these benefits have been threatened by
the rise and spread of bacteria that resist antimicrobials
(O’Neil, 2014; Smith and Coast, 2012). KPMG (2014) and
Taylor et al. (2014) asserted that AMR in recent years
had become a prevalent issue in different countries,
despite their income level. It was found that in 2014,
approximately 700,000 deaths were reported globally,
and all of them were linked to infections that resulted
from AMR organisms. The ratio of death is expected to
reach 10 million annually in a few decades if no robust
mitigation measures are put in place.

According to Ventola (2015), AMR infections are a
significant economic and clinical burden to the healthcare
system in the United States and also to patients and their
families. Such infections are prevalent in hospitals,
because of the presence of vulnerable patients,
increased use of antibiotics and extensive use of invasive

procedures in healthcare settings. Approximately 2
million Americans annually develop Health Care-
Associated Infections (HAIs), largely because of AMR
pathogens. It was estimated that the overall economic
burden due to AMR infections on the US economy was
around $35 billion annually lost in productivity and $20
billion in healthcare costs. Also, AMR infections cause a
huge burden to communities and families because of
healthcare costs and lost wages. The reasons behind
AMR are complex and comprise human behaviour in
different aspects of society, and major environmental
factors are behind the spread of AMR infections.
Endeavours have been made in the past to describe
dissimilar features of AMR and the interventions required
to address the challenge (Laxminarayan et al., 2013).

Nevertheless, there has been a lack of coordinated
action primarily at the political, national and global level.
Indeed, antibiotics have shown positive effects in societal
and medical developments and at present are essential
in healthcare settings. The developments in modern
medicine, for example, organ transplantation, surgery,
preterm babies’ treatment and cancer chemotherapy
would not be possible, which is taken for granted today
without effective treatment for bacterial infections. It is
most likely that in few years of time, that dire setback will
have to be faced by humans economically, socially and
medically, if unprecedented and real coordinated actions
are not taken globally, we may revert to a pre-antibiotic
era (Laxminarayan et al., 2013). Therefore, to emphasise
more on this, the present study assesses what factors
fuel antimicrobial resistance globally and how it is
contributing to the economic and clinical burden. For this
purpose, the research applies a systematic review
technique to assess the factors and the associated
burdens.

METHODOLOGY
Research approach and design

The study has used a qualitative research approach in order to
investigate factors which contribute to the AMR crisis and how this
crisis has resulted in increased economic and clinical costs. The
gualitative research is deemed appropriate for the study as the
objectives of the research do not include specific statistical
measurement. Considering the nature of the qualitative approach, it
helps the study to focus on drawing suppositions from different
social meaning and settings. For this reason, the study performs a
systematic review underlying its qualitative research approach.

Literature search

The systematic qualitative research is conducted through identifying
articles which are related to the field of AMR explained as a crisis
and its economic and clinical consequences. The articles which
were searched for ensured to be between 2008 to 2019, from
Google Scholar, International Healthcare Journals Online as well as
other global healthcare official websites such as The Lancet
Infectious Diseases Commission, Centres for Disease Control and



Prevention (CDC), and World Health Organisation (WHO). The
articles and information published within these sites and journals
were found to be relevant by searching for relevant keywords, such
as; Antimicrobial Resistance, AMR crisis, Antibiotic Resistance,
Factors of Antimicrobial Resistance, Causes of Antimicrobial
Resistance, Consequences of AMR Infection, AMR Economic Cost,
Economic Burden and Clinical Burden of AMR.

Inclusion criteria

Articles which included reviews and reported evidence of AMR
crisis were included in the systematic qualitative review of the
present research if they matched the following predefined study
sample criteria:

(i) Reported trends of growing AMR infection among individuals
around the globe

(if) Were published at and after 2008.

(i) Studied AMR from a global, economic, social and political point
of view rather than just biological.

(iv) The research process and technique, sample size, conclusion
and literature review were clearly reported in them

Data extraction and analysis

With the purpose to select the relevant research material having
high quality for the current study, the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) approach was
undertaken to extract the data. PRISMA approach assists the
researcher to filter out research articles having inappropriate quality
and information (Figure 1).

Initially, after a thorough search, the researchers were able to
extract 545 citations, from which 152 duplicates were excluded. In
the second step, the researcher reviewed 393 non-duplicate
abstracts and excluded 351 abstracts due to lack of relevance, and
the required period of study (criteria 2). Finally, the researchers
reviewed 42 full-text papers; however, based on the
aforementioned criteria (1, 3 and 4) and due to limited information
related to the research problem, the sample size of the paper was
reduced to 14 only, which were considered for analysis. The papers
meeting the criteria were analysed and evaluated on the basis of
their year of publication, location of study, method of testing and the
findings. The data was then analysed using descriptive analysis
technique and was discussed based on findings derived from the
studies using a systematic review of the selected papers (Tables 1
and 2).

DISCUSSION

The table exhibits the list of studies which were reviewed
to evaluate the factors that cause global antimicrobial
resistance and the impact of these factors on the
economic and clinical burden. For this reason, the
systematic theme-based review is divided into two parts;
namely the factors and the second one being the
economic and clinical burdens.

The rapidly growing issue of antimicrobial resistance
has become a major concern for governments around the
world and authorities which are responsible for Global
public healthcare. The major factor which has a
substantial level of impact on an individual’s health and
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causes infectious diseases is the environment that the
individual resides in or is exposed to. Consequently,
many professionals and researchers under this domain
have identified environmental components to be a
significant factor associated with antibiotic resistance. For
example, the study of Sahoo (2012) highlighted the
impact of the environment as a key driver in spreading
AMR. Previous research suggests that aside from natural
and physical environmental factors that influence
antibiotic resistance development, behavioural and social
factors also play a role (Pruden et al., 2012). Moreover,
the factor of geographical variation is also important in
antibiotic resistance. According to Parveen (2006), similar
geographical variation in antibiotic resistance and
agricultural factors is an environment to host
antimicrobial-resistant bacteria. It is further explained that
in many regions especially developing countries, easy
access to first-line and second-line antibiotics and
dispensing of antibiotics without prescriptions is a key
driver and also limited options (Schwartz et al., 2018).
Healthcare professionals are accustomed to using
cheaper, ineffective and toxic antibiotics (referred to as
biological substances before being healing compounds),
and are considered toxic for clinical use like the
antiparasitic or antiviral agent, (Rolain and Baquero,
2016), on patients hence increasing the antibiotic
resistance of bacteria (Ventola, 2015).

Furthermore, other factors which contribute to the
increasing crisis of antimicrobial resistance include the
population levels in different geographical regions and
human behaviours on various societal levels (Allcock et
al.,, 2017). Similarly, as discussed in the table, the
research of Aslam et al (2018) also highlighted factors
similar to those documented in Parveen et al. (2006)’'s
study. The study drew conclusions upon the basis of
unavailability of newer and advanced drugs due to
regulatory requirements and a decrease in financial
funding from the nations on research and development of
new antibiotics with novel chemical structures. Hence
these factors together fuel antimicrobial resistance
thereby, increasing the global crisis.

Overall, the common factor which was found to be
propelling the AMR crisis is the lack of knowledge of
ways in which environment can affect health and
antibodies. Further, agricultural and climate change is
also the factor behind the growth of such bacteria
(Laxminarayan et al., 2013; Hwang and Gums, 2016;
Huttner et al., 2013). From the conclusion of these
studies, it can be implied that the issue can be addressed
by multidisciplinary approaches across health care
institutions and environmental and agricultural sectors.
Hence, governments and public healthcare regulatory
bodies can implement these findings to minimise the
factors and make people aware of the scourge. Besides,
the recognition and identification of these factors can help
to examine different approaches which will combat the
rising problem of antimicrobial resistance, from social and
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Figure 1. PRISMA flow chart.

as well as healthcare point of view (Ohl and Dodds,
2011).

AMR crisis is gaining much attention from healthcare
professionals, researchers and government due to the
economic burden it poses on a country nationwide, as
well as to the patients infected by it and to their families.
For example, according to the studies of Aslam et al.
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(2018); Naylor et al. (2018) and Allcock et al. (2017), the
clustering of patients who are vulnerable to AMR in
hospitals was resource-intensive, thereby requiring
extensive use of aggressive treatments which require
millions of funds for the patients’ family to pay. It also
increases the burden on hospitals and clinics to efficiently
keep their resources stocked up in case of emergencies.



Table 1. Results factors fuelling global amr.
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Key Findings

Year Author Country Methodology
2017 Allcock et al. U_nlted Qua_l|tat|ve
Kingdom Review
Pakistan,
2018 Aslam et al. Ch!na and the Quqlltatlve
United Review
Kingdom
2017 Bengtsson- Sweden Quqlltatlve
Palme et al., Review
2013 Huttner et al. Switzerland Syst.ematlc
Review
Hwang and . Qualitative
2016 Gums United States Review
2013 Laxminarayan United States Qua_lltatlve
etal. Review
2012 Sahoo India Mix-method
Approach
2015  Ventola United States ~ Jualitative
Review

The study concluded that use, overuse and misuse of antimicrobial
are a key contributing element in the spread of AMR. Together with
antimicrobial use in animals and humans, its exposure in the
environment is thought to be significant selective pressure for AMR
worldwide.

The findings of the study assert that possible reasons of global AMR
are the high use of antibiotics in humans and animals (food, aquatic,
pets), poor hygiene/sanitation, increased global travel and non-
metabolised antibiotics release or their residues into the environment.

The factors causing antibiotic resistance include; fixation and
emergence of novel resistance genes and transfer and mobilisation
of resistance genes to human pathogens. Also, poorly treated
sewage, discharge from antibiotic manufacturing and hospital
contacts, human-to-human contacts with environmental pathogens
through animal husbandry or food fuel AMR.

The key factors behind AMR are the selection pressure caused by
antimicrobial use in food-producing animals as well as poultry.

The driving factor behind the rise of AMR is associated with the
overuse of antimicrobials and reducing arsenal against the fight of
resistance.

It was found that resistance arises as a result of selection pressure
from the use of antibiotics and mutations in microbes. Besides, the
spread of AMR is facilitated by poor hygiene and sanitation, empirical
prescribing, lack of antimicrobial stewardship, poor AMR monitoring;
hospital-acquired infections, the transmission of inter-species genes
and the growing frequency of global trade, travel and transmission of
disease.

It was observed that social environmental and behavioural factors
such as non-compliance with the use of antibiotics by patients and
inappropriate or empirical prescribing of antibiotics in informal
healthcare providers were the key contributing factors behind the
development of AMR. Furthermore, it was found that physical and
natural environmental factors are linked with the rise and prevalence
of AMR and infectious diseases.

It was established that the overuse of antibiotics is the primary factor

behind the spread of global AMR. Also, inappropriately prescribed
antibiotics add to the spread of resistant bacteria.

These scenarios were further evidenced by healthcare
regulatory bodies such as Centres for Disease Control
and Prevention. They explained that even in nations
where effective drugs are being used, records showed
that patients taking such treatments were required to stay
longer in hospitals, have to make more routine visits to
the doctor and long-term recuperation (Centres for
Disease Control and Prevention, 2013). It eventually
exhausts the resources for other patients with severe
diseases.

Further, it was reported by Wright (2014) and Bartlett et
al. (2013) that the total economic burden measured on
the economy of the US by AMR ranged from $18,588 to
$29,069. The findings of AMR being an economic and
clinical burden are further reinforced by the studies of
Shrestha et al. (2018) whereby the researcher concluded

that oftentimes the economic costs of consuming
antibiotic by each AMR patient were considerably
exceeding the purchase costs of it; although measuring
the economic cost and clinical burden is a challenge
identified by Maragakis et al. (2008). The study also
strengthened the argument that AMR crisis has a
significant impact on economic and clinical burden by
explaining that the cost of patients exposed to AMR
infections is higher compared to those patients who are
not infected by AMR pathogen.

Similarly, Hay et al. (2018) asserted that AMR is a
global threat to wellbeing and health of people, damaging
the ability to prevent and cure infectious diseases;
therefore, it is now considered as an economic burden on
healthcare facilities. Similarly, Tacconelli and Pezzani
(2019) concluded that since 2007, the clinical burden
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Table 2. Economic and Clinical Burden of Global AMR.

Year Author Country Methodology  Key findings
United Qualitative The study estimated that globally 700,000 deaths are attributed to
2017 Allcock et al. ; - infections caused by AMR organisms, and this figure may reach 10
Kingdom Review S
million in the next few decades.
Svstematic The findings of the study established that the economic burden for AMR
2013 Huttner et al. Switzerland yst has risen. In the US alone, yearly societal cost-of-disease for AMR is
Review -
roughly around $55 billion.
. I It was established that AMR is a significant global menace to the health
United Qualitative . l .2
2018 Hay etal. . of the people, jeopardising the ability to cure and prevent a number of
Kingdom Commentary : . .
infectious diseases, hence a burden on the healthcare system.
Healthcare-related infections are increasing in low-middle income
countries (LMICs), and it is nine times more prevalent than in the U.S.
2013 Laxminarayan  United Qualitative Both the burden of resistance and the need for antibiotics are increasing
et al. States Review in LMICs. Besides, resistance linked with the inability to make
interventions, that is, Chemotherapy and transplantation all increase
clinical burden and costs.
It was observed that AMR increases clinical burden due to increases in
. . o length of hospitalisation, morbidity, mortality and healthcare cost.
2008 g/llaragakls et ggig Sgalg\?vﬂve Similarly, in terms of economic burden, patients had an infection due to
) AMR pathogens, and it cost them around $6000-$30000 as compared to
patients with common infection.
United Svstematic In terms of clinical burden, mortality has a significant impact from AMR
2018 Naylor et al. . yst resistance, and around $1 billion annually was the excess healthcare
Kingdom Review i
system costs due to resistance.
Quantitative
United Approach and In Thailand, the economic cost of AMR resistance was $ 0.5 billion,
2018  Shrestha etal. Kingdom Co-relative whereas, in the US, it was $2.9 billion.
Design
It was found that in the US, the clinical burden from AMR increased due
to excess use of invasive procedures, a high number of vulnerable
2009 Roberts et al. United Quantitative patients, and |ncre§sed rates o. antibiotic use . . _
States Methodology Further, the duration of hospital stay for AMR infection patient was
around 6 to 12 days. Also, the medical cost per patients ranges from
$18,588 to $ 29,069.
It was found that the clinical burden has increased since 2007, and it is
2019 Tacconelliand Netherlands Review based highest among infants. Further, Italy (400 deaths per 100,000 people)

Pezzani

and UK

and Greece (1600 + attributable deaths) were found to have the highest
health burden.

has increased, and it is highest among infants. Major
European countries like Greece and lItaly recorded the
highest health burdens due to AMR. In terms of the U.S,
Roberts et al. (2009) assert that the clinical burden from
AMR has increased significantly, largely because of
invasive procedures and increasing rates of antibiotic
use. Hence, it can be concluded based on these studies,
AMR is fuelling globally due to factors as mentioned
earlier and is exerting serious economic and clinical
burden on the healthcare system and the people.

Conclusion

The study aims to assess the factors behind the global
spread of AMR and its clinical and economic burden. The

study used a systematic review technique to determine
the factors and clinical and economic burden of AMR.
Several factors behind the global of the spread of AMER
were found using data of 14 relevant journal articles such
as; delay in proper antimicrobial treatment; hospital-
acquired infections, travel and transmission of disease,
poorly treated sewage, empirical prescribing, lack of
antimicrobial stewardship, poor AMR monitoring etc.
From the review of the studies, it was found that there is
a significant economic and clinical burden of AMR
infections, that is, high costs of medical treatment around
$18, 000 to $29,000 per patient and 6 to 12 days of
hospital stays. Therefore, we recommend that well
organised antimicrobial stewardship be in place, AMR
monitoring, limited access to antibiotics over the counter
without prescriptions, mandatory sensitivity tests for the



antimicrobial prescription is required to reduce global
AMR. It is also further recommended that proper hygiene
in hospitals must be ensured to reduce AMR infections,
and this can all be done by coordinated actions at a
national and global level.

The study has some limitations as it was review-based
research and concluded its findings based on already
established facts. Therefore, a primary data-based
guantitative approach using an experiment or survey
strategy would be significant in acquiring fresh data
regarding the spread of AMR and its burden on health
and economy. For further research, more studies should
be carried out. Toachieve more comprehensive findingsand
provide actionable recommendations on the basis of those
findings, which can be implemented at the global level.
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