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Review Article

Strategies for Challenging Development in Antimicrobial 
Resistance

Rasha A. F. Jasim

Department of Clinical Laboratory Sciences, College of Pharmacy, University of Babylon, Iraq

Abstract

Antimicrobial resistance is a growing problem and a threat to public health. It occurs due to germs developing the ability to drub 
the antimicrobial agents designed to kill them. The danger comes from the quickly spreading of antimicrobial resistance around 
the world; therefore, it is recognized as a global public health issue by many international health organizations. Consequently, the 
reduction of this issue requires major and alternative solutions at the same time. Major solutions involve the ideal use of antimicrobial 
agents, conduction of antimicrobial and drugs surveillance programs, increased awareness for all categories of society, cleanliness 
and disinfection, restriction of the use of antibiotics in veterinary medicine and agriculture, and investigation or development of new 
antimicrobial agents. Whereas, an alternative solution occurs via developing new approaches, and return to the use of ancient drug. 
Hence, this review comes as an effort to make aware all the categories of society about the possible solutions of this problem.
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Introduction
Antimicrobial agents are chemical compounds designed 
to inhibit the growth of germs, which allow the host 
defences to eradicate them.[1] Although the importance 
of antimicrobial agents as a second defence line in the 
world especially after discovering penicillin in 1940,[2,3] 
the antimicrobial resistance has been developed to be 
one of the biggest challenges that threat public health. 
“Antimicrobial resistance” is a term that describes the 
ability of germs to avoid the effects of antimicrobial 
drugs; therefore, they are uninhibited by antimicrobials, 
which previously inhibited or reduced them.[4] The 
scenario of antimicrobial resistance started with the 
manufacturing of drugs by using chemical substances. For 
example, at about 350–550 CE, it was observed that the 
residue of the skeletons of old Sudanese Nubia has traces 
of tetracycline.[5,6] Also, in 1940, the use of the Artemisia 
plant, which contains artemisinin, in traditional Chinese 
medicine created more exposure to chemical substances. 
It was discovered that artemisinin is one of the efficient 
components of an antimalarial drug that was discovered 
in 1970.[7] Antibiotic resistance has emerged and spread 
around the world since the last decade of the twentieth 

century.[1] Currently, antimicrobial resistance is being 
developed in most important pathogenic microorganisms 
to a wide spectrum of drugs, causing the failure of 
antibiotic therapy and the death of more than 100,000 
people every year.[8-11] Examples are the appearance 
of Staphylococcus aureus, which resists methicillin; 
enterococcus, which resists vancomycin; Pseudomonas 
aeruginosa, which resists multidrugs; Acinetobacter 
baumannii, which resists imipenem; and Escherichia 
coli and Klebsiella pneumonia, which resist the third 
generation of cephalosporin.[9-11] Moreover, a major threat 
in future is increasing resistance to the carbapenems and 
fluoroquinolone by P.  aeruginosa and A.  baumannii,[2,12] 
E.  coli and Salmonella enterica,[13,14] and Mycobacterium 
tuberculosis.[15,16] In fact, the spreading of antimicrobial 
resistance was observed shortly after the introduction of 
new antimicrobial compounds.[17] Therefore, an attempt 
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was made to overcome this problem by introducing or 
developing new antibiotics.[8,18,19]

To minimize this challenge, both major and alternative 
solutions are required; therefore, this review attempts to 
sum up and discuss different routes to minimize this issue.

Major Solutions
To address the problem of antibiotic resistance, effective 
strategies are required. This section will summarize 
and discuss the main strategies to minimize antibiotic 
resistance.

Judicious use of medications
The ideal use of antibiotics means the use of the right drug 
with the correct doses and route for an appropriate period, 
after an accurate diagnosis.[20] However, the availability 
of antibiotics everywhere over the counter, especially in 
developing countries, makes it easy to procure them; the 
unwise usage of drugs by specialists and in hospitals as 
well as the free use of antibiotics in agriculture lead to the 
developing of antimicrobial resistance to more than one 
antibiotic.[21] Various drugs have been irrationally used by 
many traditional practitioners. It was observed that more 
drugs were prescribed by practitioners who earn from the 
selling of medicines than by nonpractitioners. Moreover, 
the uncontrolled use of drugs for treating animals or people 
and the ability to purchase antibiotics without a prescription 
from any stores in many developing countries comprise 
another reason for irrational drug usage.[20] Therefore, it is 
well known now that substantial resistance is followed by 
antibiotics usage.[22] There are several key factors behind 
the irrational use of antibiotics, such as patient and time 
pressure, inaccurate diagnosis, uncertain treatment, high 
antibiotics cost causing poor compliance of patients, and 
overuse of antimicrobial agents to treat animal and plant 
diseases, which comprise another threat to increasing 
antimicrobial resistance. The wide use of subtherapeutic 
doses of antimicrobial agents such as glycopeptides and 
streptogramins to enhance animals’ growth leads to an 
increase in antimicrobial resistance. It was observed that 
resistant bacteria such as salmonella and campylobacter 
emerged among animals due to the uncontrolled use 
of antimicrobials in farming. Consequently, resistant 
bacteria will be transmitted to humans via direct contact 
and food.[23] To prevent the increase rate of resistance, once 
required judicious use of existing antibiotics. This occurs 
through banning the selling of antibiotics without a 
prescription, the intensive teaching of judicious antibiotic 
use for patients and practitioners who are responsible for 
using antibiotics in hospitals.[24] There is a global system 
for the monitoring and surveillance of the increase 
in antimicrobial resistance called the SMART, which 
considers different aspects such as geographic region 
and different infectious sites for isolated strain.[25] The 
controlled and restricted use of antibiotics in agriculture 

is also required. In fact, solving this issue required the 
efforts of all members of society, from governments to  
consumers.

In developing countries such as India, the easy availability 
of a wide range of drugs coupled with inadequate health 
services result in increased proportions of drugs being used 
as self-medication compared with prescribed drugs, thus 
resulting in impending health problems such as irrational 
use of antimicrobials and antimicrobial resistance, 
increased load of mortality and morbidity, and economic 
loss.[26] The need for promoting appropriate use of drugs 
in a health-care system is not only because of the financial 
reasons with which policy makers and managers are usually 
most concerned, but also for health and medical care of 
patients and the community. There is a need for authorities 
to make the existing laws regarding OTC drugs strong to 
ensure the rational sale and use of antimicrobials.

Antimicrobial surveillance programs
In addition to poor health services and high treatment cost, 
in many developing countries, a wide range of drugs that 
are easy available caused an increase in the usage rate of 
antibiotics as self-medication compared with prescribed 
medication. The consequences of this phenomenon are 
irrational use of antimicrobials, a rise in antimicrobial 
resistance, and, finally, an elevation in the morbidity and 
mortality rate, in addition to economic loss.[26] Therefore, 
to reduce or stabilize antimicrobial resistance, stewardship 
or surveillance programs (ASPs) are required. ASPs 
work via optimizing antimicrobial therapy, reducing 
treatments’ costs, and improving health services in clinical 
foundations.[25] Hence, such programs were observed to be 
conducted in many institutions around the word, specifically 
in the United States. These programs involve a team of 
experienced specialists in different fields, such as medicine, 
pharmacy, microbiology, epidemiology, and infectious 
diseases, which are aimed at restricting the resistance 
spreading and evolution.[27,28] Such programs confirm that 
there is a connection between the use of antibiotics and the 
emergence of resistance. Recently, it was observed that the 
vulnerability of P. aeruginosa to imipenem or meropenem 
was improved due to a reduction in ciprofloxacin usage.[29] 
In addition to restriction the antimicrobial viability and 
considering the antimicrobial susceptibility testing (AST) 
before prescribe the antibiotic, these programs depend 
primarily on education. Other studies, for reducing the 
resistance emergence, suggested the sufficient dose to kill 
sensitive bacterial strain and inhibit resistant strain, whereas 
other proposed using of mixing antibiotic.[25]

Therefore, for controlling a developing antimicrobial 
resistance issue in developing countries, there is a 
requirement for Stewardship programs and more studies 
in this field, strong laws regarding OTC drugs, and 
improving the education of those who are responsible for 
drug description and selling.
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Education
The success of any step or effort to monitor or reduce 
the resistance issue by microbes was based on the best 
education for all society members. First of all, the 
clinicians or practitioners, who are responsible for daily 
treatment decisions in the hospitals and clinics, as well 
as the antibiotics sellers.[30] It was noticed that most 
antibiotics can be described by clinicians irregularly and 
without any certification, whereas anticancer medications 
have to be prescribed and administered exclusively by 
oncology specialists.[28] It was observed that inappropriate 
prescriptions (incorrect dose and wrong duration) 
form 50% of antibiotics prescribed in the society and 
hospitals.[31,32] Moreover, in most primary care settings, 
the misuse of drugs continues, in spite of the advice to 
reduce the prescription of antibiotics.[33,34] It was reported 
that wrong prescriptions used for treating nephritis and 
asymptomatic bacteriuria form about 50% and 70%, 
respectively, of antibiotics prescription, in primary care. 
To reduce the risks of all that has been cited earlier, general 
knowledge about medicine, microbiology, immunology, 
genetics, and antibiotics characterization have to be 
provided to all prescribers. In addition, continuing 
education about rational treatment use and dealing with 
patients who demand overuse of antibiotics have to be 
sufficient and available for all professionals in health care. 
Moreover, people belonging to all societies have to be 
educated about the side effects and the disadvantages of 
overuse of antibiotics to become more aware. Otherwise, 
all efforts to minimize antimicrobial resistance will fail.[35]

Hygiene and disinfection
Hospital-acquired infections are one of the biggest 
public health concerns around the world, and they are 
often caused by multidrug resistance pathogens (MDR). 
There are many consequences for this infection, such 
as a requirement for more expensive antibiotics, further 
hospitalization, and death. For example, it was recorded 
that about 100,000 of deaths in the United States were 
caused due to hospital-acquired infections each year.[25] It 
was believed that normal patient flora is the main origin 
of MDR. However, workers in the health-care industry 
also constitute an important source.[36,37] The hands of 
these workers are considered the main route for the 
transmission and spreading of health care-associated 
pathogens.[38,39] The contamination of their hands could 
occur directly via contact with patients or indirectly via 
handling contaminated surfaces.[40,41] In addition, all 
instruments that are used by health-care workers, such 
as gloves, uniforms, and gowns, comprise another source 
of infection. It was observed that MDR pathogens are 
colonized on these instruments.[42-44] Therefore, it was 
logically that prevention and reduction of this infection 
require convenient hospital disinfection, and personal 
healthcare workers cleanness as well as all used tools. 
Hence, there are guidelines offered by the Centers for 

Disease Control and Prevention (CDC) and the Society 
for Healthcare Epidemiology of America (SHEA) to 
prevent the transmission of nosocomial MDR bacteria 
in hospitals.[25] In the intensive care units (ICUs), it was 
demonstrated that a significant decrease in methicillin 
resistant Staphylococcus aureus nosocomial infections 
resulted from increasing handwashing.[45,46] Hand hygiene 
guidelines, in health care, were presented by the World 
Health Organization (WHO) and the CDC.[47] Further, 
the importance of improving the cleanliness of the 
environment in the reduction of MDR transmission 
among patients has been demonstrated by several 
studies.[48-50]

In conclusion, decreasing the transmission of resistant 
microbes can be achieved by hygiene, cleaning, and 
disinfection of the workers’ hands, patients, hospital 
environments, and all used tools.

Restriction of using antibiotics in veterinary medicine
Veterinary medicine used antibiotics that used for 
human treatment since using penicillin.[51] Moreover, 
most antibiotics that are used specifically for animal 
treatment belong to the same class of  antibiotics that 
are used for treating human diseases.[52,53] Furthermore, 
it was surprise that using of  human antibiotics treatment 
in agriculture as veterinary medicine and as growth 
promoter formed approximately 70% of  antibiotics 
that use in animals feeding around the world.[51,54-58] 
Although antibiotics are used as growth promoters in 
low concentrations, using them for a long period is very 
dangerous as it increases antimicrobial resistance.[59,60] 
In 1990, it was mentioned that vancomycin-resistant 
appeared in Enterococcus faecium due to the using of 
avoparcin, that belongs to the vancomycin family, as 
growth promoter.[61] Therefore, the European Union and 
the United States prohibit the use of  this antibiotic as 
well as all antibiotics as growth promoters.[52,62] Recently, 
it was reported that extended spectrum beta-lactam 
(ESBL) and carbapenemase-positive Enterobacteriaceae 
strains and methicillin resistant Staphylococcus aureus 
are present in food animals and food products,[36,59,63,64] in 
addition to various MDR bacteria.[65,66] Moreover, it was 
observed that multidrug resistance human pathogenic 
E.coli plasmids originate from animal pathogens such 
as Aeromonas salmonicida.[67] Eventhough the using of 
antibiotics are low in general, the antibiotic spray in 
opened environment can develop MDR bacteria.[25] For 
all of  the above, reduction of  resistance development 
and transferring antibiotic resistance via animals food 
require new ways in management animals diseases such 
as (a) hygiene improvement, (b) using vaccines in an 
optimal way, (c) improving health via using of  enzymes, 
probiotics, prebiotics, and acids, (d) using of  bacteriocins, 
antimicrobial peptides, and bacteriophages as growth 
promoter instead of  antibiotics, and (e) formulation 
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international standard protocol for using antibiotics in 
animals farming. 

The development of novel antibiotics
Because of the ability of bacteria to develop and to 
improve their resistance to antibiotics between species, 
there is a requirement for developing new weapons to 
overcome bacterial infections. Nevertheless, there is a 
significant reduction in the discovery or development 
of new antibiotics. Most classes of used antibiotics 
were discovered during 1930–1960. Moreover, only two 
new classes of antibiotics were discovered 30  years ago 
and neither of them is effective against Gram-negative 
bacteria.[68-71] Various obstacles have been limited the 
development of novel drugs. One of them is the emergence 
of resistance due to the overuse of broad spectrum 
antibiotics, as opposed to the heart diseases drugs, and 
as a result these antibiotics became short-term drugs.[72] 
Another limitation is that the overuse of cheap antibiotics 
in the society can affect the selling of novel antimicrobial 
agents.[73] Providing financial assistance in different ways or 
decreasing research and development cost can be effective 
steps to overcome these challenges.[74] In conclusion, not 
only novel antibiotics but also strategies were used for 
rationally designing approaches as well as alternative 
solutions, such as using ancient medicine, which could be 
involved in addressing this issue.

Alternative Strategies
In the 1940s–1960s, antibiotics were discovered 
depending on the microbial secondary metabolites in 
the soil.[75] Therefore, that period is considered the gold 
era due to the activity of antibiotics in eradication of 
most infectious agents and improving human health.[76] 
However, antimicrobial resistance to most antimicrobial 
agents has developed rapidly around the world. Therefore, 
considering new approaches, such as those that used all 
unexploited natural resources, are required. In fact, there 
are several alternative approaches, such as (1) the using of 
bacteriophages, phage lysins, antimicrobial peptides, and 
medicinal nanoparticles[77,78]; (2) the using of monoclonal 
bacterial antibodies[79]; (3) chemical modifying of 
antimicrobial agents[80-82]; and (4) the using of DNA 
sequences in synthetic specific antimicrobials sequenced 
to be more selective to pathogens.[83-88] Though these 
entire alternative approaches, the resistance was emerged 
quickly. However, classical medicines such as minerals 
in natural clay, plant derivatives, animal products, and 
marine or terrestrial minerals were used for a long time 
in medical and biomedical applications. These are well 
known by their antimicrobial activity against broad 
spectrum infectious diseases. These unexploited sources 
can be used as new weapons in the war against resistant 
infectious agents.[89] Recently, minerals in ancient clays 
that have been used in treating infectious diseases for 

a long time before any knowledge had emerged about 
infectious agents have been receiving more attention.[90] It 
was observed that the application of natural clay minerals 
heals wounds successfully, sedates the irritation, and 
suppresses the hemorrhage.[91] Recently, the antimicrobial 
activities of several ancient clays have been investigated. 
Moreover, in vitro, it was observed that mineral clays 
have broad spectrum antimicrobial activity.[92] Therefore, 
the using of clay minerals could be a good complement 
solution for addressing resistance emergence.

Conclusion
Bacteria can adapt easily to antibiotics when they are 
exposed. Moreover, they can transfer their developing 
resistance among the species. More serious problem is 
unawareness of different society members and even some 
prescriber and practitioner about the antibiotics overuse 
consequences in a gradual resistance increase around 
the world. Although this huge problem comprises a real 
threat to public health, it can be reduced via several ways, 
such as developing formal guidelines for appropriate 
antibiotics usage, educating various community members 
about rational antibiotics use, making people aware about 
the hazard of wide or missed antibiotic use, following an 
effective and accurate diagnosis before any prescription, 
developing new antibiotics, restricting antibiotics use in 
agriculture and animal farming, and, finally, using all 
untapped natural sources in disease treatment.
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