
Review Article

Antimicrobial Resistance Crisis and Combating Approaches
Mohammad Morshad Alam,1,2 Muzahidul Islam,2 Abrar Wahab,1 Mamun Billah3

Abstract:Abstract:Abstract:Abstract:Abstract:

Antimicrobial resistance is a major global public health challenge threatening the utility of antibiotics.

Inappropriate antibiotic prescribing and sales, using outside of the health sectors, and genetic factors are

mainly influencing the development of antimicrobial resistance (AMR). Antibiotics abuse in human, wildlife,

and farming practices have an enormous health impact. Recently approved antibiotics are anticipated to

help stem this crisis. To fight against antibiotic resistance crisis, development of collaboration among

concerned stakeholders to establish policies, initiatives, and investments for new agents can be auspicious.

New methods of antibacterial drug identification and strategies, neutralize virulence factors, are the

substitute approaches to address the AMR threat. Some novel approaches have also been taken to

develop alternatives to typical antibiotics for bacterial infection. Here, we tried to highlight some of the

key reasons behind antibiotic resistance, management, and burden. Moreover, this paper also discusses

recent developments in this area and a brief overview of future antibacterial agents.
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Introduction:

Antibiotics have been substantially reducing mortality and

morbidity in acute bacterial infections for many years. But,

resistance of microorganisms to antibiotics threatens the

effectiveness of one of the most important interventions in

healthcare sector and there is convincing evidence that the

consumption of antibiotic drugs incites resistance.1 In recent

years antibiotic resistance problem in bacteria has reached

the exigency level developing the rates of bacterial resistance

to traditional antibiotics at an ever-increasing rate. A

relatively common occurrence of antibiotic resistance,

multidrug-resistance and extensively drug-resistance are

happening because development of novel-acting antibiotics

has been reduced. Recently, the WHO (2014) reported “a

post-antibiotic era- in which common infections and minor

injuries can kill - far from being an apocalyptic fantasy, is

instead a very real possibility for the 21st century”, thus

poses unimaginable risks to animal health.2,3 As systematic

surveillance towards antibiotic resistance is absent, some

leading organizations and governments have taken

coordinated action plans to effectively control and conduct

the risks involved. Though it is a complex and

multidimensional task in global scale, there have been

incentive developments in last few years.4,5 The CDC has

classified a number of bacteria many of which are already

responsible for placing an effective clinical and financial

burden on health care system, patients, and their families

presenting as urgent, serious and concerning threats.6,7

Though the developing world is yet to assert a stable line

systematic approach fighting against ABR, the developed

world seems to have woken to the perils of ABR, formulated

stiff policies and stimulated surveillance methods. Reports

have estimated annual death rate in the USA, EU, and India

from various drug-resistant bacterial infections are 23,000,
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25,000 and 58,000 respectively.2,4,5 In 2013, WHO8 report

was the ûrst comprehensive and closest to ground-zero

analysis on ABR endorsing an action plan on antimicrobial

resistance with five strategic goals. The reports of the

European Union and the CDC also provide their territorial

over-view of the situation. The latest of all is a report of 2015

by Global Antibiotic Resistance Partnership (GARP).2-4

1. Drivers Antibiotic Resistance

Intrinsic resistance is commonly found in the genome of the

bacterial species. Resistance can be acquired by means of

new genetic material or through sporadic mutations of

intrinsic genes.9 On mobile genetic elements, such as

plasmids, genes can be inherited and acquired from relatives

and nonrelatives respectively. The horizontal gene transfer

(HGT) allows antibiotic resistance among different species

of bacteria.10 Genes for resistance to antibiotics, like

antibiotics themselves, are ancient.11,12 The genes that give

in resistance are well-known as the environmental resistome

and can be transferred from non-disease-causing bacteria to

those that cause disease, moving forward to clinically

significant antibiotic resistance.13 As of natural selection,

antibiotics withdraw drug-sensitive competitors, leaving

resistant bacteria back to reproduce.10

Epidemiological studies have clearly indicated the relation

of origination and dissemination of resistant bacteria to

antibiotic consumption. Many studies have also found that

increasing bacterial resistance is linked with the volume of

antibiotic prescribed.14,15 Antibiotics contribute to the

development of resistant bacteria when they are prescribed

incorrectly.6 Studies have shown that treatment in 30% to

50% of cases, drug selection, or duration of antibiotic therapy

is incorrect. Interestingly, 30% to 60% have been found as

redundant, inappropriate, or suboptimal prescribed in

ICUs.6,16,17

Self-medication, by antibiotics, is very usual in many parts

of the world. In many countries of Asia, Africa, South and

Central America, and even in Southern European countries,

such as Italy, Spain, Greece and Malta, antibiotics are sold

illegally.18-21 Deficiency in controlling results cheap, easy

and profuse access of antibiotic and promotes overuse.22

Sometimes human ingests antibiotic by consuming livestock

that is treated with it. Moreover, resistant bacteria in farm

animals reach clients through meat products.7,16 Antibiotic

resistance is a rising problem among humans and wildlife in

terrestrial or aquatic environments. The spread and

contamination of the environment, particularly through “hot

spots” such as hospital wastewater and untreated urban

wastewater, are a serious public health problem.23,24 Pollution

of the environment, by human waste, animals, and the

pharmaceutical industry, enhances the antibiotic-resistant

bacteria into the environment.25

Antibacterial products may also contribute to this problem

when they are used for hygienic or cleaning purposes

restraining the improvement of immunities to environmental

antigens in both children and adults. Therefore, the versatility

of immune-system can be endangered by increasing

morbidity and mortality.7,22 Antibiotic development is no

longer considered as an economically wise investment for

the industry because it is used comparatively short time and

is often ineffective. Antibiotics are not as profitable as drugs

treating chronic conditions such as diabetes, psychiatric

disorders, asthma, or gastroesophageal reflux.13,16,26

Physicians retain new antibiotics in reserve for only the worst

cases due to fear of developing drug resistance rather than

prescribing it immediately.7,27 When new agents are finally

used, the emergence of resistance is nearly inevitable thus

the profits of the manufacturer, invests a huge amount of

money into antibiotic development, are reduced.2

Regulatory authorization is mostly an obstacle for companies

those are optimistic pursuing the discovery of new

antibiotics.7,27 Bureaucracy, the absence of limpidity,

differences in clinical trial requirements among countries,

changes in regulatory and licensing rules, and ineffective

channels of communication are some of the difficulties in

pursuing regulatory approval.27

2. Drug-Resistant Pathogen Listed by CDC and WHO

In 2013, CDC published28 a list of top 18 drug-resistant

threats to the USA and categorized it under 3 level of concern:

urgent, serious, and concerning. Three of those threats were

assigned as urgent threat category and twelve were assigned

as serious threats. Threats which required relatively less

monitoring and prevention activities assigned in the

concerning category. Following CDC, WHO published its

first ever list of antibiotic-resistant entitled “priority

pathogens” - a catalog of 12 families of bacteria, posing the

greatest threat to human health, on 27th February 2017. The

list is divided into three categories according to the urgency

of the need for new antibiotics: critical, high and medium

priority.29

3. Burden Due to Antibiotic Resistance

The burden of antibiotic resistance is highly challenging

and arguably not a comprehensible objective with current

health data. For estimation of this burden, frequency and

clinical impact of failures of antibiotic treatment are

considered as two key quantities.30 In most cases, data

indicate that patients with resistant infections require
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significantly longer hospital stays, more doctors’ visiting,

lengthier recovery and a higher chance of long-term disability.

It is also a burden to families and communities for low wages

and health care costs.7,22

4. Checkpoints to Manage Antibiotic resistance

Antibiotics are sold, illegally, without any prescription in

several countries as well as self-medication with antibiotics

is common in many parts of the world. This illegal sale at

pharmacies should be prohibited by law enforcement.19,31

Several factors may impact the decision of prescribing an

antibiotic, such as the patient presentation and wishes, the

true outcome of whether a prescription is written or not

depends on the doctor’s decision. The prescription should

also be driven by knowledge of resistance.32 A reduction in

resistance happens when a reduction in antibiotic

consumption occurs.33 In the UK, delayed antibiotic

prescribing is an extensive practice and its use is enforced

by national guidelines, but it has been difficult to implement

in other countries. However, similar to the UK delayed

antibiotics prescribing is practiced in Norway and recent

evidence shows that it may eventually lead to a reduction in

application of antibiotic for sinusitis and otitis media

predominantly.34,35 A coordinated program of antimicrobial

stewardship enhances the right use of antibiotics, improves

patient outcomes, minimizes microbial resistance, and also

decreases the spread of infections caused by multidrug-

resistant organisms. This program covers building an

assurance to use antibiotics only when needed, chooses

the appropriate drug and administers the medication

inappropriate dose and duration. It also demonstrates the

improvement in patient care, shortening hospital stays, and

reduction of healthcare facilities.6,36

The major contribution of point-of-care tests seems to

decrease doctors’ uncertainty. As all of the rapid tests are

not necessary for primary care, only those are perfect, precise,

simple to use and illustrate, rapid and affordable for a primary

care setting are acceptable.37 However, several point-of-care

tests have been proven to be effective in reducing the number

of antibiotics prescribed such as CRP rapid testing that gives

the result within 3 minutes. Without compromising the clinical

evolution of the patients, it has been shown the reduction of

antibiotic prescribing in lower respiratory tract infections

significantly.38 Transmission of pathogens from one patient

to another via the hands of HCPs or objects used in health

care placed the patients at risk for antibiotic-resistant

infections.6 Careful hand hygiene, before and after all patient

interactions during the delivery of healthcare, is critical to

release the risk of transmitting both antibiotic susceptible

and resistant bacterial pathogens. Asepsis of the healthcare

environment, as well as patient-care materials, should also

be required.39 Modernization of infection-prevention

approaches, through utilization of robotic and automated

sterilization technologies, would help with these efforts.

Automated hand-washing disinfection technology improves

hand-washing rates and self-cleaning hospital rooms can

minimize the risk of HAIs.36

Recently, the National Healthcare Safety Network (NHSN)

has been implemented by Advance Tracking Approaches

for use by healthcare facilities to electronically report

infections, antibiotic use, and resistance. These data allow

regions, states, and facilities to identify and track antibiotic-

resistant bacteria that are responsible for many HAIs. This

public health surveillance system tracks antibiotic infections

and resistance in humans and animals that are usually

transmitted through foods, such as Salmonella,

Campylobacter, and other bacteria.6

Antibiotics are normally prescribed according to a fixed

regimen comprising a specific dose, dosage frequency, and

length of treatment.22 However, current evidence shows that

elongated regimens may be useless since many clinical trials

have shown that longer courses of therapy are often less

effective than shorter ones.17,36 Prolonged antibiotic therapy

may facilitate the colonization of antibiotic-resistant bacteria,

which might cause a recurrent occurrence of infection.17

Clearly defined, intelligible, and national action plans need

to be set up to manage the antibiotic resistance crisis.36 It

would comprise measures to collect data to inform decisions,

minimize antibiotic abuse in medicine and agriculture, foster

antibiotic stewardship, optimize the use of newer molecular

diagnostic techniques, support resistance-related research,

and promote the development of new antibiotics.16

The British Society has launched a global initiative entitled

“Antibiotic Action” for antimicrobial chemotherapy which

is a worldwide alliance of groups including the Infectious

Diseases Society of America (IDSA), React, charities, and

nonprofit agencies.26 The objective of Antibiotic Action is

to apply pressure and raise the profile of the antibiotic

resistance threat with policy-makers whole over the world.40

To address the lack of development of new antibiotics, Public-

private partnerships (PPPs) are a potentially important

resource.26,36 For example, Biomedical Advanced Research

and Development Authority (BARDA) and the U.S.

government have participated in PPP initiatives for antibiotic

research.16

Enactment has been signed into law or is under consideration

to address challenges met by the pharmaceutical industry

regarding antibiotic development.27,39 Inspiration has been

proposed to encourage pharmaceutical companies to
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antibiotic drug development field; these include measures

to streamline regulatory approval, promote economic viability,

and provide alternative or supplemental funding in this

area.26,27

5. New Agents for the Treatment of Bacterial Infections

Pharmaceutical industries have been prompted to revamp

its antibiotic discovery and development programs because

of thriving awareness of the antibiotic resistance crisis.41

While only five new antibiotics approved between 2000 and

2010 by FDA, this pace has been accelerated with four new

antibiotics approved in 2014 alone and only one approved

in 2015. However, after February 2015, no antibiotic was

approved until May 2017. After a long gap on 19th June 2017

FDA approved Baxdela (delafloxacin) by Melinta

Therapeutics; for the treatment of acute bacterial skin and

skin structure infections. Recently on 29th August 2017,

Vabomere (meropenem and vaborbactam) approved for the

treatment of complicated urinary tract infections.42 (Table I)

Drug Name Company (year) Drug Class Indication 

Vabomere 

(meropenem and 

vaborbactam) 

The Medicines Company 

(August 2017)  

beta-lactamase 

inhibitor 

Vabomere addresses gram-negative 

bacteria that produce beta-lactamase 

enzymes, particularly the Klebsiella 

pneumoniae carbapenemase (KPC) 

enzyme  

Baxdela (delafloxacin) Melinta Therapeutics  

(June 2017)  

Fluoroquinolone Delafloxacin is used to treat acute bacterial 

skin and skin structure infections caused by 

designated susceptible gram negative and 

gram positive bacteria 

Avycaz 

(ceftazidime–

avibactam) 

Actavis 

(February 2015) 

non-betalactam 

beta-lactamase 

inhibitor 

For complicated intra-abdominal and 

urinary tract infections caused by E. coli, 

K. pneumoniae, C. koseri, E. aerogenes, C. 

freundii, Proteus spp. and P. aeruginosa 

Orbactiv (oritavancin) The Medicines Company 

(August 2014) 

semisynthetic 

lipoglycopeptide 

For acute bacterial skin and skin structure 

infections caused by S. aureus (including 

MRSA), S. pyogenes, S. agalactiae, S. 

dysgalactiae, S. anginosus group, and E. 

faecalis. 

Sivextro (tedizolid 

phosphate) 

Cubist Pharmaceuticals (June 

2014) 

Oxazolidinone For acute bacterial skin and skin structure 

infections. S. aureus (including MRSA), S. 

pyogenes, S. agalactiae, S. anginosus, and 

E. faecalis. 

Dalvance 

(dalbavancin) 

Durata Therapeutics (May 

2014) 

semisynthetic 

lipoglycopeptide 

For acute bacterial skin and skin structure 

infections caused by S. aureus (including 

MRSA), S. pyogenes, S. agalactiae, and S. 

anginosus. 

Metronidazole 1.3% 

Vaginal Gel 

Actavis, Inc. (April 2014) Nitroimidazole For the treatment of bacterial vaginosis 

caused by anaerobic bacteria and protozoa 

Sirturo (bedaquiline) Janssen Therapeutics 

(December 2012) 

diarylquinoline For multi-drug resistant tuberculosis 

Abthrax (raxibacumab) Glaxo SmithKline (December 

2012) 

monoclonal 

antibody  

For Anthrax 

Dificid (fidaxomicin) Optimer Pharmaceuticals (May 

2011) 

Macrolide 

antibiotics 

For C. difficile-associated diarrhea 

Table I: Drug approved by FDA between 2011 and 2017
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6. Current Antibiotics in Clinical Development

Antibiotics such as new-generation aminoglycosides, beta-

lactamase inhibitors, quinolones, ketolides, tetracyclines, and

oxazolidinones are involved in the research pipeline.27 Since

September 2016, an estimated 40 new potential antibiotics, to

treat severe bacterial infections, are in clinical development for

the USA market and at least 11 are in phase 3 of clinical trial.43

7. Next Generation Approaches to Combat Antibiotic

Resistance

The ubiquity of antibiotic resistance instructs that the drug

development pipeline must include proactive screens for

existing environmental resistance threats to new drugs and

should look for substitute strategies for combating resistance

besides the conventional antibiotic pipeline.44 Lately, the

pharmaceutical industries have been screening large libraries

of synthetic molecules for antibiotic activity. New techniques

in the invention of antibiotic, resistance and virulence

inhibition, new goals and culturing techniques, and novel

drug combinations are looking forward to conserving natural

products as a non-stoppable source of new antibiotics.45

Marine bacterial samples, tropical rainforests, myxobacteria,

and extremophilic bacteria are actively being observed.26 The

teixobactin discovering as foremost of a new class of antibiotics

was reported in January 2015 by the use of a new technique

called isolation chip or ichip to grow Eleftheria terrae in the

laboratory and in soil.46 Without killing the microbes new

approaches treating infections are also being investigated.36

Moreover, in last two years, significant progress has been

obtained in the field of antibacterial nanodrugs having absolute

properties, mode of action and activity against MDR bacteria

and biofilms.47,48 The genomes of organisms, produce natural

antibiotics and biosynthetic pathways, have been investigated

and identified respectively.26 Besides, for producing a hybrid

molecule with antibiotic activity, molecular techniques are being

applied to clone genes accountable for antibiotic biosynthesis

into a different strain. Analytical chemistry, synthetic biology,

and bioinformatics are overcoming obstacles to antibiotic drug

discovery26,45 In January 2016, Czaplewski and his colleagues

published a review of the alternatives currently under

investigation, and found at least 19 different approaches, of

which they decided, 10 should be given top priority.49 (Table II)

Approach Highlights Mechanism Probable use Anticipated 

registration (49) 

Antibodies 
50-53

 Have strong 

science basis with history 

of safe use and a high 

degree of technical feasibility  

Antibodies that bind to 

and inactivate a 

pathogen, its virulence 

factors, or its toxins 

Prevent gram-

positive and gram-

negative bacterial 

infection;  

Soon 

Probiotics 
54-56

 Probiotics are the 

functional food ingredients, 

which beneficially affect the 

 host by improving its 

intestinal microbial balance.  

 

Administration of 

adequate amount of live 

microorganisms offer 

health advantages by 

possibly therapeutic and 

prophylactic therapies  

Prevent or treat 

Clostridium 

difficile-associated 

diarrhea or 

antibiotic-

associated diarrhea 

2018 

Vaccines 
57-59

 Vaccine-resistant bacteria 

have never been reported 

Inactivated bacteria or 

bacterial proteins that 

stimulate the immune 

system 

More gram-

positive prevention 

than gram-negative 

bacterial infection 

2019 

Immune 

stimulation 
60-62

  

Successful antimicrobial 

therapy depends on an 

appropriate immune 

response.  

 

Innate proteins or 

bacterial extracts that 

boost the immune 

system 

Prevent or provide 

adjunct therapy for 

gram-positive and 

gram-negative 

bacterial infection 

2021 

Lysins 
63,64

 Have direct antibacterial 

action, act to reduce 

bacterial burden, weaken 

biofilms, or both  

Enzymes used by 

bacteriophages to 

destroy the cell wall of a 

target bacterium 

Treat gram-

positive bacterial 

infection 

2022 

Antimicrobial 

peptides 
65-68

 

Have broad spectrum activity, 

bactericidal and rapid action, 

low target - based resistance, 

and low immunogenicity 

 

Small proteins that have 

direct antibacterial 

activity 

Treat or adjunct for 

gram-positive and 

gram-negative 

bacterial infection 

2022 

Table II: Alternatives to antibiotics that might be available soon
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Conclusions

Now it is clear that the alarming situation of global antibiotic

resistance problem reflects the unregulated use of antibiotics

and lack of importance of pharmaceuticals companies

towards new antibiotic agents. Infectious disease specialists

and institutional antibiotic stewardship program can play a

great role against the development of further resistance.

Pharmaceuticals companies should take an eye on this site

instead of looking towards benefit only. Coordinated efforts

of Public-private partnerships (PPPs), Legislation, HCPs,

researchers, and representatives of the pharmaceutical

industries can play a significant role against antibiotic

resistance crisis. It is a matter of concern that only 10

antibiotics have been approved from 2011 to 2017 by FDA.

However, about 40 antibiotics are in different stage of clinical

trial and more drugs are anticipated to be available soon.

Moreover, investigation is ongoing to develop effective

alternatives to antibiotics which may protect us in WHO

reported ‘post-antibiotic era’.

Conflicts of interest: None.

References:

1. Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle

M. A systematic review and meta-analysis of the effects of

antibiotic consumption on antibiotic resistance. BMC Infect

Dis. 2014;14:13. https://doi.org/10.1186/1471-2334-14-13

2. WHO. Antimicrobial resistance: global report on surveillance.

Bulletin of the World Health Organization. 2014;61(3):383-

94.

3. CDDEP. The state of the world’s antibiotics 2015. Centre

for Disease Dynamics, Economics & Policy, CDDEP:

Washington, DC. 2015:1-84.

4. Eurosurveillance editorial t. ECDC publishes 2014

surveillance data on antimicrobial resistance and antimicrobial

consumption in Europe. Euro Surveill. 2015;20(46).

5. Ventola CL. The antibiotic resistance crisis: part 1: causes

and threats. P T. 2015;40(4):277-83.

6. CDC. Antibiotic resistance threats in the United States, 2013.

US Centre for Disease Control and Prevention. 2013:114.

7. Golkar Z, Bagasra O, Pace DG. Bacteriophage therapy: a

potential solution for the antibiotic resistance crisis. J Infect

Dev Ctries. 2014;8(2):129-36. https://doi.org/10.3855/

jidc.3573

8. WHO. Global action plan on antimicrobial resistance.2015.

9. Hollenbeck BL, Rice LB. Intrinsic and acquired resistance

mechanisms in enterococcus. Virulence. 2012;3(5):421-33.

https://doi.org/10.4161/viru.21282

10. Read AF, Woods RJ. Antibiotic resistance management. Evol

Med Public Health. 2014;2014(1):147. https://doi.org/

10.1093/emph/eou024

11. D’Costa VM, King CE, Kalan L, Morar M, Sung WW,

Schwarz C, et al. Antibiotic resistance is ancient. Nature.

2011;477(7365):457-61. https://doi.org/10.1038/

nature10388

 12. Pawlowski AC, Wang W, Koteva K, Barton HA, McArthur

AG, Wright GD. A diverse intrinsic antibiotic resistome from

a cave bacterium. Nat Commun. 2016;7:13803. https://

doi.org/10.1038/ncomms13803

13. Wright GD. Antibiotic resistance in the environment: a link

to the clinic? Curr Opin Microbiol. 2010;13(5):589-94. https:/

/doi.org/10.1016/j.mib.2010.08.005

14. Editorials. Nature. 2013;495:141.

15. Pechere JC. Patients’ interviews and misuse of antibiotics.

Clin Infect Dis. 2001;33 Suppl 3:S170-3. https://doi.org/

10.1086/321844

16. Bartlett JG, Gilbert DN, Spellberg B. Seven ways to preserve

the miracle of antibiotics. Clin Infect Dis. 2013;56(10):1445-

50. https://doi.org/10.1093/cid/cit070

17. Luyt CE, Brechot N, Trouillet JL, Chastre J. Antibiotic

stewardship in the intensive care unit. Crit Care.

2014;18(5):480. https://doi.org/10.1186/s13054-014-0480-

6

18. Vaananen MH, Pietila K, Airaksinen M. Self-medication with

antibiotics—does it really happen in Europe? Health Policy.

2006;77(2):166-71. https://doi.org/10.1016/j.healthpol.

2005.07.001

19. Morgan DJ, Okeke IN, Laxminarayan R, Perencevich EN,

Weisenberg S. Non-prescription antimicrobial use worldwide:

a systematic review. The Lancet Infectious Diseases.

2011;11(9):692-701. https://doi.org/10.1016/S1473-

3099(11)70054-8

20. Carrasco-Garrido P, Jimenez-Garcia R, Barrera VH, Gil de

Miguel A. Predictive factors of self-medicated drug use among

the Spanish adult population. Pharmacoepidemiol Drug Saf.

2008;17(2):193-9. https://doi.org/10.1002/pds.1455

21. Plachouras D, Kavatha D, Antoniadou A, Giannitsioti E,

Poulakou G, Kanellakopoulou K, et al. Dispensing of

antibiotics without prescription in Greece, 2008: another

link in the antibiotic resistance chain. Euro Surveill.

2010;15(7):1-4.

22. Michael CA, Dominey-Howes D, Labbate M. The

antimicrobial resistance crisis: causes, consequences, and

management. Front Public Health. 2014;2:145. https://doi.org/

10.3389/fpubh.2014.00145

23. Levy SB. The 2000 Garrod lecture. Factors impacting on the

problem of antibiotic resistance. J Antimicrob Chemother.

2002;49(1):25-30. https://doi.org/10.1093/jac/49.1.25

24. Marti E, Variatza E, Balcazar JL. The role of aquatic

ecosystems as reservoirs of antibiotic resistance. Trends

JOM Vol. 20, No. 1 Antimicrobial Resistance Crisis and Combating Approaches

43



Microbiol. 2014;22(1):36-41. https://doi.org/10.1016/j.tim.

2013.11.001

25. Martinez JL, Olivares J. Environmental Pollution by

Antibiotic Resistance Genes2012. 151-72 p.

26. Piddock LJV. The crisis of no new antibiotics—what is the

way forward? The Lancet Infectious Diseases. 2012;

12(3):249-53. https://doi.org/10.1016/S1473-3099(11)

70316-4

27. Gould IM, Bal AM. New antibiotic agents in the pipeline

and how they can help overcome microbial resistance.

Virulence. 2013;4(2):185-91. https://doi.org/10.4161/viru.

22507

28. CDC. Antibiotic / Antimicrobial Resistance. Centers for

Disease Control and Prevention. 2016.

29. Lawe-Davies O, Bennett S. WHO publishes list of bacteria

for which new antibiotics are urgently needed. Who. 2017:1.

30. Woolhouse M, Waugh C, Perry MR, Nair H. Global disease

burden due to antibiotic resistance - state of the evidence. J

Glob Health. 2016;6(1):010306. https://doi.org/10.7189/

jogh.06.010306

31. Llor C, Bjerrum L. Antimicrobial resistance: risk associated

with antibiotic overuse and initiatives to reduce the problem.

Ther Adv Drug Saf. 2014;5(6):229-41. https://doi.org/

10.1177/2042098614554919

32. Coxeter P, Del Mar CB, McGregor L, Beller EM, Hoffmann

TC. Interventions to facilitate shared decision making to

address antibiotic use for acute respiratory infections in

primary care. Cochrane Database Syst Rev.

2015(11):CD010907. https://doi.org/10.1002/14651858.CD

010907.pub2

33. Bergman M, Huikko S, Pihlajamaki M, Laippala P, Palva E,

Huovinen P, et al. Effect of macrolide consumption on

erythromycin resistance in Streptococcus pyogenes in

Finland in 1997-2001. Clin Infect Dis. 2004;38(9):1251-6.

https://doi.org/10.1086/383309

34. Excellence NIfHaC. Prescribing of antibiotics for self-limiting

respiratory tract infections in adults and children in primary

care. NICE clinical guideline 69. 2008;Issued: Ju.

 35. Hoye S, Gjelstad S, Lindbaek M. Effects on antibiotic

dispensing rates of interventions to promote delayed

prescribing for respiratory tract infections in primary care.

Br J Gen Pract. 2013;63(616):e777-86. https://doi.org/

10.3399/bjgp13X674468

36. Spellberg B, Gilbert DN. The future of antibiotics and

resistance: a tribute to a career of leadership by John Bartlett.

Clin Infect Dis. 2014;59 Suppl 2:S71-5. https://doi.org/

10.1093/cid/ciu392

37. Cals J, van Weert H. Point-of-care tests in general practice:

hope or hype? Eur J Gen Pract. 2013;19(4):251-6. https://

doi.org/10.3109/13814788.2013.800041

38. Huang Y, Chen R, Wu T, Wei X, Guo A. Association between

point-of-care CRP testing and antibiotic prescribing in

respiratory tract infections: a systematic review and meta-

analysis of primary care studies. Br J Gen Pract.

2013;63(616):e787-94. https://doi.org/10.3399/bjgp13X

674477

39. Lushniak BD. Antibiotic resistance: a public health crisis.

Public Health Rep. 2014;129(4):314-6. https://doi.org/

10.1177/003335491412900402

40. Sengupta S, Chattopadhyay MK, Grossart HP. The

multifaceted roles of antibiotics and antibiotic resistance in

nature. Front Microbiol. 2013;4:47. https://doi.org/10.3389/

fmicb.2013.00047

41. Rossolini GM, Arena F, Pecile P, Pollini S. Update on the

antibiotic resistance crisis. Curr Opin Pharmacol. 2014;18:56-

60. https://doi.org/10.1016/j.coph.2014.09.006

42. CDER. New Drugs at FDA: CDER’s New Molecular Entities

and New Therapeutic Biological Products. Fda. 2017.

43. Trusts TPC. Antibiotics Currently in Clinical Development.

Antibiotic Resistance Project. 2017.

44. Crofts TS, Gasparrini AJ, Dantas G. Next-generation

approaches to understand and combat the antibiotic resistome.

Nat Rev Microbiol. 2017;15(7):422-34. https://doi.org/

10.1038/nrmicro.2017.28

45. Wright GD. Something old, something new: revisiting natural

products in antibiotic drug discovery. Can J Microbiol.

2014;60(3):147-54. https://doi.org/10.1139/cjm-2014-0063

46. Ling LL, Schneider T, Peoples AJ, Spoering AL, Engels I,

Conlon BP, et al. Erratum: A new antibiotic kills pathogens

without detectable resistance. Nature. 2015;520(7547):388.

https://doi.org/10.1038/nature14303

47. Alam MM, Rashid MMO, Hossen F, Akhter KN, Nishat

SA, Wahab A. Antibacterial Activity of Silver-Extract

Nanoparticles Synthesized from the Combination of Silver

Nanoparticles and M. Charantia Fruit Extract. Journal of

Drug Delivery and Therapeutics. 2017;7(3):112-6. https://

doi.org/10.22270/jddt.v7i3.1458

48. Natan M, Banin E. From Nano to Micro: using

nanotechnology to combat microorganisms and their

multidrug resistance. FEMS Microbiol Rev. 2017;41(3):302-

22. https://doi.org/10.1093/femsre/fux003

49. Czaplewski L, Bax R, Clokie M, Dawson M, Fairhead H,

Fischetti VA, et al. Alternatives to antibiotics-a pipeline

portfolio review. Lancet Infect Dis. 2016;16(2):239-51.

https://doi.org/10.1016/S1473-3099(15)00466-1

50. Berghman LR, Abi-Ghanem D, Waghela SD, Ricke SC.

Antibodies: an alternative for antibiotics? Poult Sci.

2005;84(4):660-6. https://doi.org/10.1093/ps/84.4.660

Antimicrobial Resistance Crisis and Combating Approaches JOM Vol. 20, No. 1

44



51. Palliyil S, Downham C, Broadbent I, Charlton K, Porter AJ.

High-sensitivity monoclonal antibodies specific for

homoserine lactones protect mice from lethal Pseudomonas

aeruginosa infections. Appl Environ Microbiol.

2014;80(2):462-9. https://doi.org/10.1128/AEM.02912-13

52. Hua L, Hilliard JJ, Shi Y, Tkaczyk C, Cheng LI, Yu X, et al.

Assessment of an anti-alpha-toxin monoclonal antibody for

prevention and treatment of Staphylococcus aureus-induced

pneumonia. Antimicrob Agents Chemother. 2014;58(2):1108-

17. https://doi.org/10.1128/AAC.02190-13

53. DiGiandomenico A, Keller AE, Gao C, Rainey GJ, Warrener

P, Camara MM, et al. A multifunctional bispecific antibody

protects against Pseudomonas aeruginosa. Sci Transl Med.

2014;6(262):262ra155. https://doi.org/10.1126/scitranslmed.

3009655

54. Trafalska E, Grzybowska K. [Probiotics—an alternative for

antibiotics?]. Wiad Lek. 2004;57(9-10):491-8.

55. Kechagia M, Basoulis D, Konstantopoulou S, Dimitriadi D,

Gyftopoulou K, Skarmoutsou N, et al. Health benefits of

probiotics: a review. ISRN Nutr. 2013;2013:481651. https:/

/doi.org/10.5402/2013/481651

56. Kotzampassi K, Giamarellos-Bourboulis EJ. Probiotics for

infectious diseases: more drugs, less dietary supplementation.

Int J Antimicrob Agents. 2012;40(4):288-96. https://doi.org/

10.1016/j.ijantimicag.2012.06.006

57. Mishra RP, Oviedo-Orta E, Prachi P, Rappuoli R, Bagnoli F.

Vaccines and antibiotic resistance. Curr Opin Microbiol.

2012;15(5):596-602. https://doi.org/10.1016/j.mib.2012.

08.002

58. Hampton LM, Farley MM, Schaffner W, Thomas A,

Reingold A, Harrison LH, et al. Prevention of antibiotic-

nonsusceptible Streptococcus pneumoniae with conjugate

vaccines. J Infect Dis. 2012;205(3):401-11. https://doi.org/

10.1093/infdis/jir755

59. Jones D. Reverse vaccinology on the cusp. Nat Rev Drug

Discov. 2012;11(3):175-6. https://doi.org/10.1038/nrd3679

60. Hancock RE, Nijnik A, Philpott DJ. Modulating immunity

as a therapy for bacterial infections. Nat Rev Microbiol.

2012;10(4):243-54. https://doi.org/10.1038/nrmicro2745

61. Del-Rio-Navarro BE, Espinosa Rosales F, Flenady V, Sienra-

Monge JJ. Immunostimulants for preventing respiratory tract

infection in children. Cochrane Database Syst Rev.

2006(4):CD004974. https://doi.org/10.1002/14651858.

CD004974.pub2

62. Benmohamed F, Medina M, Wu YZ, Maschalidi S, Jouvion

G, Guillemot L, et al. Toll-like receptor 9 deficiency protects

mice against Pseudomonas aeruginosa lung infection. PLoS

One. 2014;9(3):e90466. https://doi.org/10.1371/journal.

pone.0090466

63. Yang H, Yu J, Wei H. Engineered bacteriophage lysins as

novel anti-infectives. Front Microbiol. 2014;5:542. https://

doi.org/10.3389/fmicb.2014.00542

64. Schuch R, Lee HM, Schneider BC, Sauve KL, Law C, Khan

BK, et al. Combination therapy with lysin CF-301 and

antibiotic is superior to antibiotic alone for treating

methicillin-resistant Staphylococcus aureus-induced murine

bacteremia. J Infect Dis. 2014;209(9):1469-78. https://

doi.org/10.1093/infdis/jit637

65. Joerger RD. Alternatives to antibiotics: bacteriocins,

antimicrobial peptides and bacteriophages. Poult Sci.

2003;82(4):640-7. https://doi.org/10.1093/ps/82.4.640

66. Baltzer SA, Brown MH. Antimicrobial peptides: promising

alternatives to conventional antibiotics. J Mol Microbiol

Biotechnol. 2011;20(4):228-35. https://doi.org/10.1159/

000331009

67. Kamysz W. Are antimicrobial peptides an alternative for

conventional antibiotics? Nucl Med Rev Cent East Eur.

2005;8(1):78-86.

68. Fjell CD, Hiss JA, Hancock RE, Schneider G. Designing

antimicrobial peptides: form follows function. Nat Rev Drug

Discov. 2011;11(1):37-51. https://doi.org/10.1038/nrd3591

JOM Vol. 20, No. 1 Antimicrobial Resistance Crisis and Combating Approaches

45


