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Abstract 

Background Antimicrobial resistance has already emerged as a major concern not only for public health but also for 
global economy. It causes a multifaceted crisis in development and growth by increasing the number of infections 
and deaths. Sustainable Development Goals are in place to ensure that development and growth are continual, as 
well as to end poverty, protect the environment, and promote peace and prosperity. In this review we tried to high-
light the reasons for the prevalence of superbugs as well as their multifaceted impact on healthcare, and demonstrate 
potential ways to combat them and incorporate them into international policymaking processes.

Main body of the abstract The literature review included articles from MEDLINE, EMBASE, Scopus, and PubMed 
published till the end of the year 2022 using keyword searches. Two hundred and forty-three research articles, review 
papers and studies written in English language evaluating the impact of Antimicrobial resistance (AMR) on patient, 
society and economy published until end of the year 2022 were included.

Short conclusion This review highlighted the significant impact of antimicrobial resistance (AMR) on the Sustainable 
Development Goals (SDGs) and was able to identify at least five SDGs that are linked to healthcare. The emergence of 
superbugs results in increased expenditure, which has serious consequences for the global economy, particularly in 
developing countries where infectious diseases are prevalent. The overuse and misuse of antibiotics, as well as poor 
infection control practices, are identified as primary drivers of superbug emergence. However, implementing strate-
gies such as rational antibiotic use, effective infection control practices, and developing new antibiotics and alterna-
tive therapies can mitigate the adverse effects of AMR and contribute to achieving the SDGs. It is essential to integrate 
AMR strategies into national development plans and improve cross-sectoral collaboration among stakeholders to 
combat superbugs effectively.

Keywords SDGs, AMR, Superbugs, Antibiotic resistance, Antimicrobial resistance

Background
The discovery of antibiotics in the third decade of the 
twentieth century is regarded as one of the most signifi-
cant triumphs of modern medicine. Since then, it has 

been playing a critical role in reducing the death toll 
caused by microbial infection. Prior to the discovery of 
antibiotics, case fatality rates caused by Streptococcus 
pneumoniae and Staphylococcus aureus were around 40% 
and 80%, respectively (Bartlett and Mundy 1995; Karch-
mer 1991). Amputation used to be the sole choice for 
treating wound infection and the advent of antibiotics 
transformed the situation drastically (Hirsch 2008; Fried-
man et  al. 2016). Complex surgeries, transplantations, 
and chemotherapies were greatly benefited by this dis-
covery as well. Despite their great contribution, the bio-
logical and medical sciences have faced several new and 
novel challenges since then. Emergence of antimicrobial 
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resistance is one of them which is making antimicrobial 
treatment more difficult day by day. Many organizations, 
including the Centers for Disease Control and Prevention 
(CDC), the Infectious Diseases Society of America, the 
World Economic Forum, and the World Health Organi-
zation (WHO), have already recognized it as a worldwide 
public health risk (Frieden 2013; World Health Organi-
zation 2014; Dellit 2007; Global Risks 2013; Michael 
et al. 2014; Spellberg et al. 2016). When a new antibacte-
rial agent is developed and widely administered, a small 
number of bacteria develop the ability to counteract the 
drug’s effects by multiple resistance mechanisms such as 
limiting uptake, modification of drug target, inactivation, 
and active efflux of a drug (Reygaert 2018; Dever and 
Dermody 1991). This bacteria type is the most adaptable. 
They acquire genomic mutations or resistance genes by 
resisting that effect. The antibiotic-resistant bacteria are 
then reproduced by the genetically modified bacteria. 
Resistant bacteria that have just been grown can trans-
fer their resistance gene to another species of bacteria. 
This process is known as conjugation, and it involves 
the development of new bacteria strains that can protect 
against the effects of existing antibiotics. Such lethal and 
contagious organisms are often referred as multidrug-
resistant (MDR) bacteria or superbugs. Superbugs lead 
to emergence of resistant pathogens into human, ani-
mal and environment simply because they exist in those 
interlinked niche (Reygaert 2018; Dever and Dermody 
1991). Because the therapeutic options against super-
bugs are limited, morbidity and mortality rates are also 
increased, as well as treatment costs (Aslam et al. 2018; 
Spellberg and Gilbert 2014; Rossolini et  al. 2014; Sen-
gupta et  al. 2013; Resistant “Superbugs” Create Need 
for Novel Antibiotics 2021). Antibiotic resistant bacteria 

are increasing mortality rates and putting a strain on the 
global economy. Antimicrobial resistance causes approxi-
mately 700,000 fatalities per year worldwide, with the fig-
ure expected to reach 10 million by 2050, resulting in a 
$100 trillion economic loss (O’Neill 2016), see Fig. 1.

In recent years, the rate of antimicrobial resistance has 
skyrocketed. What is more, the number of new antibi-
otics being produced to combat resistant bacteria is not 
sufficient (O’Neill 2014; Luepke 2017; Spellberg et  al. 
2004). The Centers for Disease Control and Prevention 
(CDC) published a report on antimicrobial resistance in 
the USA in 2019 that listed 18 germs and classified them 
as urgent, serious, or concerning. They also added a few 
germs to their watch list. These germs have the potential 
to spread and infect people in other countries (Table 1) 
(Centers for Disease Control U 2019).

Antibiotics are manufactured, prescribed, consumed, 
and released into the environment in an irrational man-
ner nowadays. Such practices have posed a serious 
threat to global health and the environment’s long-term 
viability. A global responsibility is required to limit such 
practices and make the planet more livable. To address 
2015such liabilities and many others, the Sustainable 
Development Goals (SDGs), or Global Goals, were estab-
lished by 193 UN members in 2015 (United Nations Gen-
eral Assembly Sustainable Development Goals 2015).

Proposal of The Sustainable Development Goals 
(SDGs) was a universal call to action to end poverty, pro-
tect the environment, and ensure peace and prosperity 
for all people on the planet by 2030. The United Nations 
has recognized 17 goals for both developed and devel-
oping countries and they are part of the United Nations 
resolution known as the 2030 Agenda or Agenda 2030. 
These SDGs are divided into five categories: People, 

Fig. 1 Projected impact of antimicrobial resistance on healthcare and economy by 2050. Upward trend of AMR prevalence rate has been 
shown from the year of 2010 with a projection for 2030. % Infection has been shown for all countries (Resistance and - “Stemming the Superbug 
Tide”|Compare your country). Comparison of number of deaths and economic burden has been illustrated between current situation and the year 
of 2050. Costs have been calculated for both healthcare and societal loss (O’Neill 2016; Drug-resistant infections: a threat to our economic future 
2017; Naylor et al. 2018; Kraker et al. 2016)
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Planet, Prosperity, Peace, and Partnership, and have their 
vision finding environment-friendly solutions for eco-
nomic and social development. In order to protect the 
environment, these goals also include avoiding overuse 
of natural resources. Out of 17 proposed SDGs, health 
receives adequate attention, see Fig.  2 (United Nations 
General Assembly Sustainable Development Goals 2015).

What is unfortunate is that antimicrobial resistance 
caused by superbugs has already emerged as one of the 
most difficult barriers to achieving the SDGs (Akinsem-
olu 2018a; Costanza et  al. 2016; The Sustainable Devel-
opment Goals Report 2016). To pinpoint the causes of 
AMR development, many articles and reports have been 
published already. The same is true for achieving the 

Table 1 Categorization of germs according to their severity, reported by CDC

Urgent Serious Concerning Watch list

Carbapenem-resistant Acinetobacter
Candida auris
Clostridioides difficile
Carbapenem-resistant Enterobac-
teriaceae
Drug-resistant Neisseria gonorrhoeae

Drug-resistant Campylobacter
Drug-resistant Candida
Extended-spectrum beta-lactamase 
(ESBL)-producing Enterobacte-
riaceae
Vancomycin-resistant Enterococci
Multidrug-resistant Pseudomonas 
aeruginosa
Drug-resistant nontyphoidal 
Salmonella
Drug-resistant Salmonella serotype 
Typhi
Drug-resistant Shigella
Methicillin-resistant Staphylococcus 
aureus
Drug-resistant Streptococcus pneu-
moniae
Drug-resistant Tuberculosis (TB)

Erythromycin-resistant group A 
Streptococcus
Clindamycin-resistant group B 
Streptococcus

Azole-resistant Aspergillus fumigatus
Drug-resistant Mycoplasma geni-
talium
Drug-resistant Bordetella pertussis

Fig. 2 Sustainable Development Goals and healthcare. Seventeen goals have been set by 193 UN member countries in 2015, and at least five of 
them are related to healthcare and are interlinked to each other
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SDGs, but the number of articles focusing on the impact 
of AMR on health-related SDGs is still limited. In this 
review, we tried to find the link between SDGs and AMR 
based on the following objectives:

1. Investigate reasons behind emergence of superbugs 
among humans

2. Explore prevalence of deadly superbugs in different 
parts of the world and its impact on healthcare as 
well as environmental, social, and economic goals of 
the SDG

3. Identify strategies to combat superbugs and facilitate 
ways to achieve the SDGs

Main text
Methods
To conduct this review, the WHO and World Bank 
reports, along with four electronic databases (MED-
LINE, EMBASE, Scopus, and PubMed), were searched 
using keywords such as SDGs, AMR, Superbugs, antibi-
otic resistance, and antimicrobial resistance, covering the 
period up to December 31, 2022. Two hundred and forty-
three research articles, review papers and studies written 
in English language evaluating the impact of AMR (from 
any microbe) on patient, society and economy published 
until end of the year 2022 were included. Independent 
screening of title/abstracts followed by full texts was per-
formed using pre-specified criteria and not-applicable 
studies were excluded. Extracted study data were used 
to compare prevalence of superbugs and economic and 
health burden. Monetary costs were calculated into USD. 
No reference protocol was used, however, for search 
strategy and study inclusion, the protocol diagram of 
PRISMA guideline has been used, see Fig. 3 (Moher et al. 
2009).

Discussions
Antimicrobial resistance is a true multifaceted global crisis
Because infectious organisms are constantly evolv-
ing and gaining antimicrobial resistance, it is critical to 
investigate the key socioeconomic and political factors 
that contribute to the emergence of superbugs in both 
developed and developing countries. In poor countries, 
the following variables are thought to cause antimicro-
bial resistance: (1) insufficient surveillance of resistance 
development, (2) lack of control over current antibiotics, 
(3) clinical antibiotic overuse, and (4) ease of availability. 
In wealthy countries, however, the reasons are (1) weak 
hospital regulation and (2) excessive antibiotic usage in 
farmed animals. Not to mention the fact that a lack of 
research on novel antibiotics has impacted both devel-
oped and underdeveloped countries (Water, sanitation 

and hygiene: an essential ally in a superbug age 2021; 
Ramay et al. 2020; Chokshi et al. 2019).

Inappropriate and  unnecessary intake When antibiot-
ics were originally discovered in the 1940s, Sir Alexander 
Fleming expressed his concern about its overuse due to 
the possibility of widespread demand and misuse (Ami-
nov 2010; Sb et  al. 2017; Ventola 2015). Nowadays the 
most common form of antibiotic misuse is taking antibi-
otics without consulting physicians. This occurs primar-
ily in underdeveloped and least developed countries due 
to a lack of regulatory oversight of both prescribed and 
non-prescribed antibiotics (Chokshi et al. 2019; Sb et al. 
2017; Ventola 2015; Global action plan on antimicrobial 
resistance 2015; Van et al. 2013; Muhie 2019). Physicians 
often struggle there to follow guidelines for prescribing 
antibiotics especially when patients’ urge for antibiotics is 
strong (Pp et al. 2014).

Inappropriate prescription Antibiotics given incorrectly 
contribute to the development of bacterial resistance (US 
Department of Health and Human Services 2019). Evi-
dence indicates that in 30–50% of instances, treatment 
indication, medication selection, and antibiotic treat-
ment duration are incorrect. According to one study in 
the USA, a pathogen was detected in only 7.6% of 17,435 
patients brought to the hospital with community acquired 
pneumonia (CAP), and almost 30–60% of total antibiotics 
provided were unnecessary (Centers for Disease Control 
U 2019; Rhodes et al. 2000; Luyt et al. 2014; Bartlett et al. 
2013). A similar scenario has been reported by a study 
conducted in a Chinese university hospital. Only 39 cases 
out of 1025 were microbiologically examined to determine 
the source of the infection. The same study reported that 
77.8% of infected people receive one or more antibiotics 

Fig. 3 Search strategy and study inclusion protocol
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(Hu et al. 2003). In Jakarta, Indonesia, nearly 94% of chil-
dren were given antibiotics for diarrhea, despite the fact 
that doctors assumed the diarrhea was caused by a viral 
infection (Gani et al. 1991). That is the reason why anti-
microbial resistance is becoming more likely as a result of 
incorrect diagnosis.

Ease of  availability and  poor quality In developing 
countries, there is a lack of regulatory policy and law 
enforcement when it comes to pharmaceutical retail. 
Antibiotics are prescribed by about 81 percent of phar-
macists for common colds in Minya, Egypt, according to a 
study on antibiotic use (Dooling et al. 2014). A study with 
2000 participants conducted in Bangladesh’s rural areas 
reported that 95% of medications are purchased from 
local pharmacies, while only 8% are prescribed by physi-
cians (Okeke et al. 1999). Besides, lack of adequate quality 
assurance systems to ensure the quality of antibiotics sup-
plied leads to poor quality of available antibiotics. Based 
on a 2006 Nigerian study, substandard formulation was 
used for 25–40% of ampicillin/cloxacillin production. It 
has also been reported that using outdated pediatric anti-
biotics increases the risk of resistance compared to using 
active (unexpired) antibiotics. When expired medications 
are used instead of new ones, the resistance rate increases 
by almost 2–6 times (Chokshi et  al. 2019; Okeke et  al. 
1999; Obodozie et al. 2006; Ogunshe and Adinmonyema 
2014).

Hospital‑acquired infections One of the causes of antibi-
otic-resistant infection in developed countries is hospital-
acquired infections (nosocomial infections). Antibiotics 
are used more frequently to prevent infection caused by 
bacteria as well as to reduce the risk of infection during 
surgeries. Antibiotic overuse, combined with close inter-
actions between patients and the hospital’s hygiene and 
sanitation system, play a key role in the development 
and spread of antibiotic-resistant bacteria (Chokshi et al. 
2019; Weinstein 2001).

Overwhelming use in  livestock and  fish farming Incor-
rect antimicrobial use in livestock, fish farming, and 
agriculture leads to the development of resistant bacte-
ria, which causes major health risks. Those bacteria, cou-
pled with antibiotic resistant genes, are eventually trans-
ferred to the human body (O’Neill 2015). The number 
of antimicrobial agents used in cattle feed was revealed 
in a report published by the FDA in 2019. According to 
that report, domestic sales and distribution of medically 
important antimicrobials approved for use in food pro-
ducing animals increased by 3% between 2018 and 2019 
(US Food and Drug Administration 2019; Landers et al. 
2012). Global food fish consumption, on the other hand, 

has increased at an annual rate of 3.1% between 1961 and 
2017. This is nearly twice the rate of annual world popula-
tion growth (1.6%) (FAO 2020). This tremendous expan-
sion of fish farming resulted in increased usage of antimi-
crobial agents. Antimicrobials and chemical disinfectants 
are currently being used to prevent bacterial infection and 
control disease outbreaks in fish. Because no antibiotics 
have been approved for use in aquaculture, veterinary 
drugs from other branches are used. Such improper and 
excessive use of aquaculture medicine is extremely harm-
ful to the species, as it weakens the fish immune system’s 
ability to resist infection and bacterial colonization (Chee-
Sanford et al. 2013; Cabello 2006, 2004).

Tedious approval procedure of  NDA Pharmaceutical 
companies have found it increasingly difficult to obtain 
regulatory approval for newly discovered antibiotics 
in recent decades. Between 1983 and 2007, the rate of 
approval of newly discovered antibiotics dropped dramat-
ically. This is primarily due to the implementation of new 
and stricter drug regulations, such as differences in the 
requirements for conducting clinical trials between coun-
tries, modifications to existing license restrictions, and so 
on (Ventola 2015; Gould and Bal 2013). Lack of clarity and 
a poor communication system are considerable factors as 
well. The FDA recently changed the guidelines and regu-
lations for conducting clinical trials, making conducting 
antibiotic clinical trials much more difficult than before. 
Because placebo-controlled clinical trials for antibiot-
ics are prohibited, trials are designed to show that new 
medications are not inferior to older ones. This requires a 
large number of population samples, raising overall costs 
and making antibiotic development unprofitable (Piddock 
2012; Wright 2014; Shlaes et al. 2013).

Unhygienic conditions Most South-East Asian health-
care institutions, according to the World Health Organiza-
tion, lack proper sanitation and hygiene systems, leading 
to hospital-acquired infections and bacterial mutations. 
In low- and middle-income countries, poor sanitation 
and hygiene are found in 38% of health-care facilities, 
contributing to the spread of a variety of toxic bacteria. 
It is no surprise that some of the most dangerous super-
bugs, such as NDM1 and MRSA, have been discovered 
in medical facilities. Untreated waste water also contrib-
utes to the spread of drug residues and antibiotic-resist-
ant bacteria in the environment, contaminating drink-
ing water and the food chain. Contaminated wastewater 
from households, hospitals, pharmaceutical plants, nurs-
ing homes, and livestock farms is contaminating natural 
water sources across the region. This paradigm is hasten-
ing the spread of antibiotic-resistant bacteria and increas-
ing human antibiotic consumption (Water, sanitation and 
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hygiene: an essential ally in a superbug age 2021; Ramay 
et al. 2020).

Superbugs are severe and ubiquitous
Antimicrobial resistance caused by superbugs has 
become a major concern for almost all countries, regard-
less of their location, population, or economic status. 
According to a WHO report published in 2018, antimi-
crobial resistance was detected in 500,000 people in 22 
countries. The most common types were Escherichia coli, 
Klebsiella pneumoniae, S. aureus, and S. pneumoniae, 
followed by Salmonella spp. It is of no surprise that the 
situation in LDCs and developing countries is far worse 
than that in developed ones (WHO 2017a) (Fig. 4).

In the USA and Europe alone, methicillin-resistant S. 
aureus (MRSA) kills 50,000 people each year (O’Neill 
2014). Drugs that target penicillin-like beta-lactamases 
have become resistant to this superbug. Unfortunately, 
only a few antibiotics, such as glycopeptide, linezolid, 
tigecycline, and daptomycin, and some fifth-generation 
beta-lactam antibiotics like ceftaroline and ceftobiprole 
are effective against MRSA. Vancomycin-resistant ente-
rococci are another dangerous superbug (VRE). In hos-
pitals and other health-care settings, enterococci infect 
patients, spreading to the bloodstream, surgical sites, 
and the urinary tract (Wamel et  al. 2007). Enterococcus 
faecium and Enterococcus faecalis are the most com-
mon bacteria found in reported cases. Even though VRE 
has a lower prevalence and epidemiologic impact than 
MRSA, there are still 54,500 “hospital acquired” ente-
rococci infections reported annually in the USA. The 
infection rates between different species of enterococci 
vary, but Vancomycin resistance accounts for 30% of all 

health-care-associated enterococcal infections in the 
USA each year (Centers for Disease Control U 2019). 
Bacterial pneumoniae, meningitis, and bloodstream, 
ear, and sinus infections are all fatal infections caused 
by drug-resistant S. pneumoniae. Infections caused by 
resistant S. pneumoniae limit treatment options, result-
ing in 1.2 million new cases and 7000 deaths each year. 
This is especially prevalent in patients over the age of 50. 
In at least 30% of cases, this bacterium has been found 
to be completely resistant to multiple antibiotics used to 
treat severe S. pneumoniae infections. According to the 
World Health Organization, drug-resistant Mycobacte-
rium tuberculosis infection killed 170,000 people world-
wide in 2012 (Sengupta et  al. 2013; Centers for Disease 
Control U 2019; Ventola 2015; Gross 2013). Because of 
the airborne nature of the infection, the lungs are the 
most common site of infection, but other body parts can 
also be infected. In 2011, 10,528 new tuberculosis (TB) 
cases were reported in the USA, with 9.9% of those cases 
being resistant to antibiotics. Over the next few years, the 
situation appeared to remain unchanged. First-line drugs 
like isoniazid or rifampicin are used to treat tuberculosis 
infection, but M. tuberculosis is already resistant to mul-
tiple first-line drugs (Frieden 2013). Patients are at risk 
due to extensively drug-resistant tuberculosis (XDR-TB), 
which has developed resistance to most TB medications. 
Even though harmonizing strict preventative measures 
and management programs can reduce the occurrence of 
drug-resistant TB and XDR-TB infections, the situation 
in most countries remains out of control (Frieden 2013). 
Carbapenem-resistant Enterobacteriaceae (CRE) is a 
deadly superbug that is resistant to almost all antibiotics, 
including carbapenem, which is meant to be the last line 

Fig. 4 Global prevalence of antibiotic resistance (%). Global prevalence has been shown with low to high severity across the regions. Aggregate 
resistance rate has been defined as average resistance prevalence of E. coli, Klebsiella spp. and Staphylococcus aureus. Regions with gray represents 
no data availability (Collignon et al. 2018)
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of defense against drug-resistant bacteria. Many gram-
negative bacteria, including E. coli and K. pneumoniae, 
produce the enzyme New Delhi metallo-beta-lactamase 
(NDM-1), which renders bacteria resistant to all beta-lac-
tam antibiotics and carbapenem (Frieden 2013; Sengupta 
et al. 2013; Gross 2013).

Superbug-caused diseases, such as tuberculosis (TB), 
are particularly devastating in less developed countries. 
In 2013, there were 480,000 cases of multidrug-resistant 
tuberculosis (MDR-TB) and 210,000 deaths due to the 
disease, with the poorest people being most of the vic-
tims (Global Tuberculosis Report 2014).

Will the SDGs be far reaching due to antimicrobial resistance?
SDG‑1: no  poverty The first SDG aims to eradicate 
poverty, and AMR is a major impediment to achieving 
that goal. Antimicrobial resistance treatment is a time-
consuming and costly process. Antimicrobial resistance, 
as well as superbugs, are rapidly spreading in developing 
and least developed countries due to the lack of a univer-
sal healthcare system. People struggle to meet their basic 
needs there, and the cost of healthcare is an additional 
burden for them. This situation exacerbates the “vicious 
cycle of poverty,” which results in lower earning capac-
ity, productivity, and living standards. If AMR spreads 
unchecked, the World Bank estimates that more than 24 
million people will face severe poverty by 2030 (Drug-
resistant infections : a threat to our economic future 2017; 
Akinsemolu 2018b).

SDG‑2: zero hunger Poverty and hunger are inextricably 
linked, and if one is not addressed, the other will inevita-
bly follow. According to the Food and Agriculture Organi-
zation of the United Nations (FAO), 793 million people go 
hungry every day, with 791 million of them living in devel-
oping and least developed countries. Global food produc-
tion is expected to double in order to meet rising demand 
due to the exponential growth of the global population. 
This will eventually result in an increase in antimicrobial 
use, with global antimicrobial use in livestock animals 
expected to increase by 70% by 2030 (Akinsemolu 2018b; 
The State of Food Insecurity in the World 2015).

SDG‑3: good health and well being The third SDG will 
be tedious to achieve due to the scarcity of effective anti-
AMR drugs. AMR kills 25,000 people every year in the 
European Union alone (Authors 2009). Every year, 30,000 
women and 200,000 newborn children die from infec-
tions that are not treatable with currently available drugs, 
according to the World Health Organization. This occur-
rence has a disproportionately negative impact on devel-
oping countries (O’Neill 2016; WHO 2016b). Antibiotic 
efficacy reduction will inevitably result in an increase 

in mortality (Liu et al. 2016; Newman et al. 2015). Drug 
resistance has been reported in cases of communicable 
diseases like HIV, tuberculosis, and malaria, posing yet 
another barrier to the achievement of the third SDG. Phy-
sicians and healthcare providers run out of options on a 
daily basis, resulting in costly treatments with long-term 
side effects (Littmann et al. 2016; WHO 2017b). Accord-
ing to the WHO, 650,000 (5.4%) of the world’s 12 million 
TB cases were MDR-TB, with 9.7% of MDR-TB patients 
having XDR-TB (Global Tuberculosis Report 2017). Same 
is true for sexually transmitted infections (STIs) where 
357 million cases were reported worldwide, with many 
of them becoming drug-resistant. This type of infection 
can lead to long-term disability, infertility, and even death. 
Because some gonorrheal infections are resistant to anti-
biotics, gonorrhea has gotten a lot of attention (New-
man et al. 2015; Laxminarayan et al. 2013). Antimicrobial 
resistance has a significant impact on the treatment of 
many noncommunicable diseases. Medical procedures, 
organ transplants, and cancer treatment could all be jeop-
ardized (Laxminarayan et  al. 2013). In the USA, more 
than half of the microbes that cause surgical site infec-
tion are resistant to standard prophylactic antibiotics. An 
infection affects one out of every four cancer patients, 
and the bacteria that causes it is resistant to antibiotics 
(Teillant et al. 2015). Immunocompromised patients who 
went through chemotherapy or diagnosed with AIDS 
have a weakened immune system and are more suscep-
tible to infection (Gudiol and Carratalà 2014; Nuorti 
et  al. 2000). As a result, achieving several SDGs aimed 
at reducing noncommunicable diseases requires access 
to effective antibiotics. In order to combat antimicrobial 
resistance, it is critical to improve the performance of the 
healthcare system while moving toward universal health 
coverage. Without effective antibiotics, the healthcare 
system is doomed. This can be justified simply by looking 
at the cost of treatment and proper care for a patient with 
extensively drug-resistant tuberculosis, which is $430,000 
(White House Administration 2015; Marks et  al. 2014). 
As a result, antimicrobial resistance has emerged as a seri-
ous threat to the global health system’s long-term viability.

SDG‑6: clean water and  sanitation Despite the lack of 
direct evidence that pharmaceutical and microbial haz-
ards from the health-care system are causing widespread 
illness in people around the world, poorly managed health-
care waste has the potential to contaminate groundwater, 
drinking water, soil, food crops, and sediments, as well as 
endangering the environment by introducing toxicants 
to wildlife and leading to the development of antibiotic-
resistant bacteria (WHO 2017c, 2012; Küster and Adler 
2014; Chartier et al. 2014). According to a recent report, 
a wastewater treatment plant receives waste from around 
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90 pharmaceutical companies, and 45  kg of commonly 
used antibiotics are released into a nearby river every day 
(Littmann et al. 2016). What is more shocking is that the 
antibiotic concentration in the river was higher than in 
the patients who received antibiotics (Larsson et al. 2007). 
Antibiotic residues in water, sediments, and soil com-
bine to form antibiotics of varying concentrations, and 
extremely resistant bacteria can grow selectively against 
low antibiotic concentrations (WHO 2017b; Gullberg 
et al. 2011). Surprisingly, a lack of clean water and sanita-
tion hastens the spread of bacterial diseases in children, 
increasing morbidity and mortality (WHO 2017b).

SDG‑12: responsible consumption and production Anti-
microbial resistance kills 700,000 people each year, with 
the number expected to rise to ten million by 2050, at a 
cost of $100 trillion (O’Neill 2014). Antibiotic efficacy loss 
raises a country’s health-care spending, lowering produc-
tivity, household income, tax revenues, and GDP (Smith 
et al. 2005) Antimicrobial resistance is a major roadblock 
to global development because such large expenditures 
may jeopardize efforts for long-term economic develop-
ment (O’Neill 2014; WHO 2017b; Smith et al. 2005).

What are our weapons?
The challenge of antimicrobial resistance has been exac-
erbated by pharmaceutical companies’ indifference. They 
believe that conducting research for new antimicrobial 
drugs will yield limited profit because of high research 
expenditure. The average cost to develop an antibiotic 
could be as high as $1.5 billion (Towse et al. 2017), while 
the average revenue generated from an antibiotic’s sale 
is near about $46 million only per year (Plackett 2020; 
Brandenburg and Schürholz 2015). Additionally, some 
experts doubt that bacteria will develop resistance to 
the newly developed antibiotics. They prefer to focus 
on drugs that treat chronic diseases (such as diabetes 
and hypertension) as well as drugs that improve over-
all quality of life (e.g., Cialis, Viagra, etc.) (Brandenburg 
and Schürholz 2015; Peña et al. 2021). Given these facts, 
appropriate steps for a long-term solution to this prob-
lem should be taken, with a focus on methods to prevent 
resistance and the spread of superbugs.

Vaccination Acute microbial infections are thought to 
be treated only with antibiotics. Vaccination, on the other 
hand, is the most effective way to prevent the spread of 
infectious diseases and combat antimicrobial resistance. 
Vaccines, such as the pneumococcal vaccine, work by pre-
venting the spread of antibiotic-resistant bacteria (Rap-
puoli et  al. 2017). Other vaccines, such as the influenza 
vaccine, prevent fevers indirectly, reducing the number 

of antibiotic doses prescribed on a regular basis (Hin-
man and Orenstein 2007). Vaccination reduces disease 
severity, protects against infection, and even increases the 
number of microbes needed to initiate infection (Iglehart 
1983; Robinson and Bart 1993). Vaccines have helped to 
eradicate diseases like smallpox, measles, mumps, rubella, 
diphtheria, hepatitis A, pertussis, and polio in many parts 
of the world (Direct and indirect effects of routine vacci-
nation of children with 7-valent pneumococcal conjugate 
vaccine on incidence of invasive pneumococcal disease—
United States 2005; Thanks to Vaccines).

Alternative therapies Alternatives to antibiotics will be 
the focus of future medical therapeutics and research, 
and these therapies may have a significant impact on the 
severity of microbial growth and infection. There have 
been few alternatives to combat AMR and the spread of 
superbugs until now.

1. A number of experts have suggested bacteriophage 
as a potential treatment for bacteria-induced infec-
tions. Bacteriophage is a virus capable of infecting 
bacterial cells and causing them to lyse. The use of 
bacteriophage is becoming more popular as a result 
of the need for quick substitutes and the pharmaceu-
tical industry’s aversion to investing in new antibi-
otics (Lin et al. 2017; Sabino et al. 2020; Moghadam 
et al. 2020).

2. Bacterial Quorum Sensing has been identified as 
a promising target for the treatment of bacterial 
infections in a number of studies. The communica-
tion mechanism is turned off or blocked without 
destroying the bacteria’s cells. The selective pres-
sure and the rate of AMR during treatment are both 
reduced as a result of this technique (Bhardwaj et al. 
2013; Hentzer and Givskov 2003). Antibiotics kill or 
slow the growth of bacteria, whereas quorum sens-
ing inhibitors or quorum quenchers reduce bacterial 
virulence. Pseudomonas aeruginosa, S. aureus, Vibrio 
fischeri, Vibrio harveyi, E.  coli, and Vibrio cholerae 
have all been used in extensive research on Quorum 
Sensing.

3. Probiotics, also known as fecal transplant therapy 
(FTT), have been used for over a decade, despite 
conflicting results. Pathogen-free healthy donors’ 
feces are used to repopulate a recipient’s microbiota 
in this case. By producing antimicrobial compounds 
such as bacteriocins and organic acids, probiotics are 
thought to be able to eliminate microbes. This will 
improve the gastrointestinal microbial environment 
by attaching to the intestinal mucosa. As a result, 
pathogen adhesion is stymied. Probiotics such as 
Bacillus, Lactobacillus, Lactococcus, Streptococcus, 
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and others are frequently used (Holleran et al. 2018; 
McEwen and Fedorka-Cray 2002; Gargiullo et  al. 
2019).

Drug repositioning Drug repositioning relies on FDA-
approved drug candidates, either for therapeutic use or 
for molecules with clinical data. When combined with 
screening methods, this innovation has the potential to 
play a significant role in the long-awaited discovery of 
antimicrobial drugs (Konreddy et al. 2019; Domínguez 
et  al. 2020; Issa et  al. 2013; Farha and Brown 2019; 
Bessoff et al. 2013). A common approach in drug repo-
sitioning strategy is systemic screening of non-antimi-
crobial drugs approved by the FDA with antimicrobial 
property in a cell-based model. This empirical pheno-
typic-based screening is focused on compounds that 
can inhibit the growth of microbes, and it differs from 
general repurposing, which requires prior knowledge 
of the disease, binding characteristics, and the mecha-
nism of action (MOA) (Konreddy et al. 2019; Farha and 
Brown 2019; Swinney and Lee 2020). Cell-based high-
throughput screening (HTS) has been used in many 
studies to demonstrate the findings of non-antimicro-
bial approved drugs. Because of advancements in HTS, 
empirical screening has become a popular and simple 
rapid screening technique that employs the most cut-
ting-edge methods in bioassay, robotics, computation, 
and data management (Debnath et  al. 2012; Chocka-
lingam et al. 2010; Lucumi et al. 2010; Dyall et al. 2014; 
Krysan et  al. 2013; Krysan and Didone 2008; Jacobs 
et  al. 2013; Khodaverdian et  al. 2013). Another useful 
and widely used screening method is in-silico screen-
ing, also known as computational screening. Due to the 
abundance of information available for approved drugs, 
in-silico drug repurposing has become more advan-
tageous. There are two types of in-silico screening: 
ligand-based and network-based (Astolfi et al. 2017).

Probably the most common computational tech-
nique for computer-aided drug discovery is molecular 
docking, which reveals the binding affinity between a 
drug and a target molecule to the target’s active site. A 
higher binding affinity is indicated by a higher nega-
tive binding energy. Molecular docking provides infor-
mation on the key residues of the target molecule 
interacting with the drug molecule in addition to the 
binding affinity (Astolfi et  al. 2017). Entacapone, for 
instance, was used to treat Parkinson’s disease, this 
computational method identified it as a novel antibac-
terial drug against multiple drug-resistant Mycobacte-
rium tuberculosis (Carlson-Banning et  al. 2013; Deng 
et al. 2009).

Initiatives taken by  regulatory bodies In 2014, WHO 
published a report on superbugs for the first time, obtain-
ing the most recent information on resistance surveillance 
and data for a selected set of nine bacteria–antibacterial 
drug combinations of public health importance from 129 
Member States. 114 of them provided data for at least 
one of the nine combinations (22 countries provided data 
on all nine combinations) (World Health Organization 
2014). WHO also approved a global antimicrobial resist-
ance (AMR) strategy in May 2015 (Global action plan on 
antimicrobial resistance 2015). The ‘National Strategy for 
Combating Antibiotic-Resistant Bacteria’ was published 
by the US government in September 2014 (U.S. 2014). It 
listed a number of objectives and plans for leading nations 
in the fight against AMR. In 2013, the United Kingdom 
announced the “UK Five Year Antimicrobial Resistance 
Strategy (2013–2018),” which aimed to provide a roadmap 
for dealing with AMR issues (2013). A Federal Action 
Plan to Combat Antimicrobial Resistance was released 
by the Canadian government in 2015 (Federal action plan 
on antimicrobial resistance and use in Canada: building 
on the federal framework for action 2015). The European 
Antibiotic Resistance Surveillance Network (EARS-Net) 
has been providing updated country-specific records 
of antibiotic consumption and resistance for more than 
a decade already (EARS-Net). In developing and least 
developed countries, particularly in Africa, such a scheme 
does not exist. However, many African countries are 
members of the Global Antibiotic Resistance Partnership 
(GARP), which was founded in 2009 to provide a platform 
for low- and middle-income countries to focus on antimi-
crobial resistance (2009). The African Society for Labo-
ratory Medicine (ASLM) has recently been involved in 
research, debate, and solution-finding to ensure a strong 
African laboratory infrastructure in order to combat 
global health issues such as AMR, HIV/AIDS, and other 
diseases (Home - African Society for Laboratory Medi-
cine). The World Organization for Animal Health (OIE) 
has developed international standards and guidelines for 
the responsible use of antimicrobials in animals, including 
measures to promote good animal husbandry and hygiene 
practices, reduce the need for antibiotics, and monitor 
antimicrobial use in animals (Standards and Guidelines 
and resolutions on antimicrobial resistance and the use of 
antimicrobial agent).

According to a WHO report based on a survey, enough 
initiatives are planned and governments around the 
world are committed to ending the AMR problem, but 
strategies to prevent inappropriate antibiotic use and 
reduce the spectrum of AMR differ significantly across 
six WHO regions. The monitoring framework for the 
SDG added a new AMR indicator in 2019. This indicator 
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tracks the number of bloodstream infections caused 
by two drug-resistant bacteria: methicillin-resistant S. 
aureus (MRSA) and E. coli resistant to third-generation 
cephalosporins (3GC) (WHO 2016a).

Conclusions
This review aimed to explore the link between the Sus-
tainable Development Goals (SDGs) and Antimicrobial 
Resistance (AMR), specifically focusing on the emer-
gence of superbugs among humans, prevalence of deadly 
superbugs in different parts of the world, and strategies 
to combat superbugs while facilitating the achievement 
of the SDGs.

Our investigation found that the overuse and misuse 
of antibiotics, in addition to poor infection control prac-
tices, are key drivers of superbug emergence. Moreover, 
our review revealed the prevalence of deadly superbugs 
worldwide and their impact on healthcare, environment, 
social and economic goals of the SDGs. The increas-
ing resistance of bacteria to antibiotics has significant 
implications for the achievement of the SDGs, particu-
larly in developing countries where infectious diseases 
are prevalent, and the impact on health systems can be 
overwhelming.

By identifying approaches to combat superbugs, such 
as the rational use of antibiotics, implementing effective 
infection control practices, and developing new antibi-
otics and alternative therapies, including vaccination, 
we can mitigate the adverse effects of AMR and make 
progress toward accomplishing the SDGs. Furthermore, 
integrating AMR strategies into national development 
plans and improving cross-sectoral collaboration among 
stakeholders can facilitate ways to achieve the SDGs 
while reducing the spread of superbugs.
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