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INTRODUCTION 

World human population is increasing with an alarming 

rate, and a variety of new types of health issues are raising 

up.1 Antibiotics are an essential part of modern medicine. 

The emergence of antibiotic-resistant mutants among 

bacteria is increasing within a few decades and results in 

decreased efficacy and withdrawal of the antibiotic from  

widespread usage. The increase in number of drug-

resistant bacteria is a cause of concern. To tackle the 

growing problem of antibiotic resistance, the research on 

new antibiotics and other microbial natural products is 

RESEARCH ARTICLE 

ABSTRACT 

Antibiotics are an essential part of modern medicine. The creation of antibiotic-resistant mutations among bacteria 

appears to be unavoidable, and after a few decades, the antibiotic's potency will be reduced, and the antibiotic will 

be phased out of general use.  

The usual approach to dealing with this issue has been to release new antibiotics that kill resistant mutants.  

Antibiotics such as penicillin, erythromycin, and methicillin are used to treat infectious infections, however these 

antibiotics are becoming less efficient as bacteria develop more resistant to them.  

Natural products are microorganism, plant, and animal metabolites.  

These natural compounds have been used to make lead molecules, which have been used to make a variety of 

synthetic medications.  

Actinomycetes can create a wide range of bioactive compounds, which have been used to treat a number of human 

infections.  Teixobactin was discovered using a new method of culturing bacteria in soil from ―a grassy field in 

Maine.‖ It is active against gram-positive bacteria this review article focuses on different sources of new 

antibiotics. 

Bacteriophages have been found to be antibacterial in animals and could be useful in the treatment of some 

infectious disorders.  

Another option is to develop new antibiotics that target non-multiplying bacteria, which could lead to medications 

that limit the emergence of antibiotic resistance and improve patient compliance by reducing antibiotic therapy 

duration.  

With one exception, these new discovery techniques have resulted in medicines that are in preclinical research but 

have not yet entered clinical trials.  

For the time being, the bulk of novel antibiotics on the market will most likely be structural mimics of existing 

antibiotic families or new compounds, both natural and non-natural, that are evaluated against live growing 

bacteria in the traditional fashion. 

KEYWORDS: Reverse Technology, Nurse, Care, Hospital. 

https://medcraveonline.com/JBMOA/novel-approaches-to-developing-new-antibiotics.html#ref1
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important.1 For the treatment of infectious diseases some 

antibiotics like penicillin, erythromycin, and methicillin 

are used but now these antibiotics become less effective 

because bacteria have become more resistant to such 

antibiotics. Actinomycetes are prokaryotes of Gram-

positive bacteria provide many important bioactive 

substances which have found application in combating a 

variety of human infections. More than 70% of naturally 

occurring antibiotics have been isolated from different 

genus of actinomycetes. Endophytes are micro-organisms 

that are found in many important medicinal plants, weeds, 

and ornamental and fruit trees from wild and 

domesticated settings and natural products obtained from 

endophytic microbes are found to be antimicrobial, 

antiviral, anticancer, antioxidants, anti-diabetic and 

immunosuppressant.  

The first antibiotic, salvarsan, was deployed in 1910. In 

just over 100 years antibiotics have drastically changed 

modern medicine and extended the average human 

lifespan by 23 years. The discovery of penicillin in 1928 

started the golden age of natural product antibiotic 

discovery that peaked in the mid-1950s. Since then, a 

gradual decline in antibiotic discovery and development 

and the evolution of drug resistance in many human 

pathogens has led to the current antimicrobial 

resistance crisis   Here we give an overview of the history 

of antibiotic discovery, the major classes of antibiotics 

and where they come from. We argue that the future of 

antibiotic discovery looks bright as new technologies such 

as genome mining and editing are deployed to discover 

new natural products with diverse bioactivities. We also 

report on the current state of antibiotic development, with 

45 drugs currently going through the clinical trials 

pipeline, including several new classes with novel modes 

of action that are in phase 3 clinical trials. Overall, there 

are promising signs for antibiotic discovery, but changes 

in financial models are required to translate scientific 

advances into clinically approved antibiotics 

BRIEF HISTORY OF RESISTANCE AND 

ANTIBIOTICS 

Penicillin, the first commercialized antibiotic, was 

discovered in 1928 by Alexander Fleming. Ever since, 

there has been discovery and acknowledgement of 

resistance alongside the discovery of new antibiotics. In 

fact, germs will always look for ways to survive and resist 

new drugs. More and more, germs are sharing their 

resistance with one another, making it harder for us to 

keep up 

 

 

 

 

What is a novel antibiotic? 

 

Scientists have designed a new class of antibiotic 

which seeks and destroys resistance genes in bacteria. The 

unique approach could be used to genetically engineer 

bacteria in our bodies to become less dangerous. 

Why do we need new antibiotics? 

The discovery of the first antibiotic, penicillin, over 90 

years ago, has revolutionised modern medicine. Since 

then, antibiotics have become one of the most common 

classes of drugs – used to prevent and treat infections, and 

make possible complex surgeries that have become 

routine, from caesarean sections to hip replacement 

surgeries and organ transplants.     

But antibiotics are not as effective as they used to be. 

Over time certain bacteria, so-called ‗superbugs‘, have 

adapted and learned to resist the effects of the drugs 

designed to kill them. Our collective overuse of 

antibiotics – in humans, animals and plants – has 

accelerated this process. 

Today, drug-resistant infections are a serious threat to 

people‘s health. Hundreds of thousands of lives are lost 

every year because of infections that can no longer be 

treated with existing drugs. Discovering new antibiotics, 

able to kill drug-resistant bacteria, is essential to saving 

modern medicine. 

But that‘s only part of the solution, as over time bacteria 

will learn to resist the new drugs too. To stay ahead of the 

game in this constant race against superbugs, we also 

need innovations in developing vaccines and diagnostics, 

and better prevention control and surveillance. 

Why is it so difficult to develop new antibiotics? 

No new classes of antibiotics have been discovered since 

the 1980s. A class defines a group of antibiotics that have 

a certain way of working – for example by killing bacteria 

or by stopping them multiplying – and are effective 

against certain types of infections. 

https://medcraveonline.com/JBMOA/novel-approaches-to-developing-new-antibiotics.html#ref1
https://www.sciencedirect.com/topics/medicine-and-dentistry/arsphenamine
https://www.sciencedirect.com/topics/immunology-and-microbiology/penicillium-chrysogenum
https://www.sciencedirect.com/topics/immunology-and-microbiology/human-pathogen
https://www.sciencedirect.com/topics/immunology-and-microbiology/human-pathogen
https://www.sciencedirect.com/topics/medicine-and-dentistry/antibiotic-resistance
https://www.sciencedirect.com/topics/medicine-and-dentistry/antibiotic-resistance
https://www.google.com/search?q=What+is+a+novel+antibiotic?&tbm=isch&source=iu&ictx=1&fir=6cWIlr2uz6wSUM%252COZ8TmEJ7knv7BM%252C_&vet=1&usg=AI4_-kTX_nHWDUS3-IGJbWl__IZTwnszzA&sa=X&ved=2ahUKEwj3qtyL4p70AhWb63MBHWRkDDUQ9QF6BAgyEAE#imgrc=6cWIlr2uz6wSUM
https://www.google.com/search?q=What+is+a+novel+antibiotic?&tbm=isch&source=iu&ictx=1&fir=6cWIlr2uz6wSUM%252COZ8TmEJ7knv7BM%252C_&vet=1&usg=AI4_-kTX_nHWDUS3-IGJbWl__IZTwnszzA&sa=X&ved=2ahUKEwj3qtyL4p70AhWb63MBHWRkDDUQ9QF6BAgyEAE#imgrc=6cWIlr2uz6wSUM
https://www.google.com/search?q=What+is+a+novel+antibiotic?&tbm=isch&source=iu&ictx=1&fir=6cWIlr2uz6wSUM,OZ8TmEJ7knv7BM,_&vet=1&usg=AI4_-kTX_nHWDUS3-IGJbWl__IZTwnszzA&sa=X&ved=2ahUKEwj3qtyL4p70AhWb63MBHWRkDDUQ9QF6BAgyEAE
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The antibiotics that have been brought to market in the 

past three decades are variations of drugs that have been 

discovered before. 

Discovering and developing genuinely new antibiotics is 

challenging: the science is tricky and the research and 

development process is time-consuming and expensive, 

and often fails. 

It can take 10-15 years and over $1billion to develop a 

new antibiotic 

How do you know when they will work? 

Antibiotics fight bacteria that cause strep 

throat and ear, sinus and urinary infections. They do not 

work for the flu, colds, coughs and sore throats. Consult 

with your doctor about your symptoms, which can help 

determine the origin of your illness. Ask your doctor 

about the benefits and drawbacks of taking antibiotics for 

your diagnosis.  

Antibiotics are used to treat bacterial infections. Some are 

highly specialised and are only effective against certain 

bacteria. Others, known as broad-spectrum antibiotics, 

attack a wide range of bacteria, including ones that are 

beneficial to us. 

There are two main ways in which antibiotics target 

bacteria. They either prevent the reproduction of bacteria, 

or they kill the bacteria, for example by stopping the 

mechanism responsible for building their cell walls. 

 

 

 

FIGURE 3- Different sources of new antibiotics 
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ENDOPHYTIC BACTERIA 

Endophytes are micro-organisms that are found in many 

important medicinal plants, weeds, and ornamental and 

fruit trees from wild and domesticated settings. Both 

endophytic bacteria and endophytic fungi can co-exist in a 

single host plant. The natural products obtained from 

endophytic microbes are found to be antimicrobial, 

antiviral, anticancer, antioxidants, anti-diabetic and 

immunosuppressant. Natural products are metabolites 

from micro-organisms, plants and animals. These natural 

products have served as sources of lead molecules, which 

yielded many synthetic drugs. An outstanding example of 

a natural product is the world's first billion-dollar 

anticancer-drug, paclitaxel (Taxol) is from Yew tree, 

Taxus wallachiana. Some examples of the novel 

antibiotics produced by endophytic bacteria 

are Ecomycins, Pseudomycins, Munumbicins, 

Kakadumycins. 

Bacteriophages   

Bacteriophages and their fragments are also used to kill 

the bacteria. By an estimate in every 2 days, half of the 

world's bacterial population is destroyed by 

bacteriophages. Now in the former Soviet Union 

bacteriophages are used to treat patients with infectious 

diseases .In 2006, the FDA approved the use of 

bacteriophages in the treatment of Listeria 

monocytogenes contamination of meat and poultry. The 

development of phage gene products is another potential 

route for new anti bacterials. Phage lysins, which are cell 

wall hydrolases and are produced late in the viral 

infection cycle, bind to peptidoglycan and disrupt the cell 

wall of Gram-positive bacteria that results in hypotonic 

lysis. lysins may be active against non-multiplying 

bacteria and biofilms and this could help in the treatment 

of catheter-associated infections. 

Bacillus species 

 Bacillus sps isolated from soil exhibited antibacterial 

activity against bacteria. The study was conducted by 

ahmed et al in which soil sample from the Post Graduate 

Hostel of the Permanent Site campus, University of Ilorin, 

Nigeria was screened for antibiotic-producing 

microorganisms by agar sensitivity assay. Seven bacterial 

species were isolated. The bacterial species were 

identified by their cellular characteristics, colonial 

morphology and biochemical tests. The bacterial isolates 

include; Staphylococcus aureus, Proteus vulgaris, Bacillus 

spp., Pseudomonas aeruginosa, Micrococcus luteus, 

Escherichia coli and Micrococcus varians. Of all the 

screened isolates Bacillus spp. was the only bacterial 

isolate that demonstrated antibiotic producing ability 

against the tested organisms, showing zones of inhibition 

around the colonies of two other tested bacteria. Bacillus 

sps shows antibacterial activity against Escherichia coli 

and Staphylococcus aureus. 

Teixobactin 

Teixobactin was discovered using a new method of 

culturing bacteria in soil from ―a grassy field in Maine.‖ It 

is active against gram-positive bacteria. Teixobactin is an 

inhibitor of cell wall synthesis that acts primarily by 

binding to lipid II, a fatty molecule which is a precursor to 

peptidoglycan. Lipid II is also targeted by the antibiotic 

vancomycin. Binding of teixobactin to lipid precursors 

inhibits production of the peptidoglycan layer, leading to 

lysis of vulnerable bacteria. Teixobactin was reported to 

be potent in vitro against all gram-positive bacteria tested, 

including Staphylococcus aureus and difficult-to-treat 

enterococci, with Clostridium difficile and Bacillus 

anthracis being exceptionally vulnerable. It also killed 

Mycobacterium tuberculosis.  

Bacteria from soils 

Actinomycetes: Actinomycetes are widely distributed in 

natural and man-made environments and they are found in 

large numbers in soils, fresh waters, lake, river bottoms, 

manures, composts and dust as well as on plant residues 

and food products. Actinomycetes have ability to produce 

a variety of bioactive substances which has been utilized 

in a comprehensive series of researches in numerous 

institutional and industrial laboratories. Thus there are 

certain agents isolated from them, which have found 

application in combating a variety of human infections. 

More than 70% of naturally occurring antibiotics have 

been isolated from different genus of actinomycetes. 

Streptomyces is the largest genus known for the 

production of many secondary metabolites which have 

different biological activities, such as antibacterial, 

antifungal, antiparasitic, antitumor, anticancer and 

immunosuppressive actions 

Current methods of antibiotic development 

The current methods have concentrated on compounds 

that target logarithmic multiplying bacteria. For example, 

natural compounds, such as penicillin, have been 

discovered by scientific observation, or by searching for 

such compounds. These natural compounds have 

provided basic structures such as 6-aminopenicillanic 

acid, which chemists have used to produce analogues, 

such as amoxicillin. The analogue route has been very 

successful for the development of new antibiotics, and 

continues to be so. Novel compounds were also 

developed from the non-natural chemical route, for 

instance, prontosil (the precursor of sulpha drugs), 

metronidazole, isoniazid  and oxazolidinones. Arguably, 

quinolones may have been created through the non-

natural chemical route, although they are originally 

derived from quinine. Screening of compound collections 

with enzymes or whole cells, such as target down 
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regulation by antisense RNA is also used, but have not 

resulted, as yet, in a marketed antibiotic (see the next 

section entitled The Genomics Revolution). 

Development of new antibiotics 

Drug companies are not eager to develop new antibiotics. 

The process is very costly. To prevent bacteria quickly 

becoming resistant to the new drugs, doctors will try to 

use them only as a last resort. So the companies don‘t 

expect to get a good return on their investment. The 

government wants to join forces with other countries to 

see what incentives could encourage pharmaceutical 

companies to develop new antibiotics. 

 

SELECTED RESOURCES 

Resource Description 

Antibacterial products in clinical and 

preclinical development: an overview and 

analysis 

Report. A WHO pipeline analysis of antibacterial products 

targeting the priority pathogens list, Mycobacterium 

tuberculosis and Clostridium difficile. Includes an assessment of 

innovativeness. See also the WHO Global Observatory on 

Health R&D Data and visualizations for the clinical 

pipeline and preclinical pipeline. 

Antibiotics Currently in Global Clinical 

Development 

Document. A pipeline analysis of antibiotics in clinical trials by 

The Pew Charitable Trusts, provided as a structured list and 

periodically updated. The data includes systemic antibiotics and 

drugs for Clostridium difficile. 

Global priority list of antibiotic-resistant 

bacteria to guide research, discovery, and 

development of new antibiotics 

Document. WHO priority pathogens list is the first global effort 

to guide and promote research and development of new 

antibiotics. The list comprises 12 bacterial pathogens placed in 

three priority categories: critical, high and medium (7 pages). 

Global AMR R&D Hub‘s Dynamic 

Dashboard 

Database with information on AMR research and development 

(R&D) investments, antibacterials in the pipeline and R&D 

incentives. Note that the information on the investments 

dashboard does not include data from the pharmaceutical 

industry. 

REVIVE Antimicrobial Encyclopedia Online encyclopaedia from GARDP. Defines and explains a 

broad set of terms relating to antibiotics and antibiotic resistance. 

Focuses particularly on words that are linked to research and 

development. 

From Lab Bench to Bedside: A 

Backgrounder on Drug Development 

Article that gives a simple and brief introduction to the drug-

development process. 

What is a clinial trial? Fact sheet. Overview and facts about clinical trials. 

Why can‘t we find new antibiotics? Video explaining antibiotic discovery and problems related to 

developing new drugs (2:43 min). Need to click ―browse free‖ 

for limited access to a few articles 

 

Why so few antibiotics in development? 

Here are some of the reasons: 

Scientific difficulties: It is extremely difficult to develop 

an antibiotic drug. First, it needs to get to the right place 

in the body at a high enough concentration without being 

toxic to the patient. Then, it also has to enter and stay in 
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the bacterial cell, which has proven very problematic. 

Efforts to screen large existing libraries of small 

molecules have failed to find new antibiotics. 

Financial and regulatory hurdles: It is very expensive and 

often takes ten years or more to develop an antibiotic. 

Each new formulation needs to go through rigorous 

testing for activity and patient safety, and only a minority 

will actually make it through the whole drug-development 

process. Resistance development can be fast and may 

hamper usability, which could result in low profits for the 

developing company. In addition, novel antibiotics would 

have to be used sparingly to avoid resistance 

development. Companies have pointed out regulatory 

requirements to be unclear, which have led to uncertainty 

of the likelihood of approval of new drugs 

Lack of know-how: Poor financial incentives in 

combination with the technical difficulty to develop new 

antibiotics have made many pharmaceutical companies 

scale-down or abandon their antibiotic development 

programs. This has resulted in a loss of skills and 

specialized personnel in the field. 

Select Germs Showing Resistance Over Time 

Antibiotic 

Approved or 

Released 

Year Released Resistant Germ Identified Year 

Identified 

Penicillin 1941 Penicillin-resistant Staphylococcus aureus 

Penicillin-resistant Streptococcus pneumoniae 

Penicillinase-producing Neisseria gonorrhoeae 

1942 

1967 

1976 

Vancomycin 1958 Plasmid-mediated vancomycin-resistant Enterococcus 

faecium 

Vancomycin-resistant Staphylococcus aureus 

1988 

 

2002 

Amphotericin B 1959 Amphotericin B-resistant Candida auris 2016 

Methicillin 1960 Methicillin-resistant Staphylococcus aureus 1960 

Extended-

spectrum 

cephalosporins 

1980 

(Cefotaxime) 

Extended-spectrum beta-lactamase- 

producing Escherichia coli 

1983 

Azithromycin 1980 Azithromycin-resistant Neisseria gonorrhoeae 2011 

Imipenem 1985 Klebsiella pneumoniae carbapenemase (KPC)-

producing Klebsiella pneumonia 

1996 

Ciprofloxacin 1987 Ciprofloxacin-resistant Neisseria gonorrhoeae 2007 

Fluconazole 1990 (FDA 

approved) 

Fluconazole-resistant Candida 1988 

Caspofungin 2001 Caspofungin-resistant Candida 2004 

Daptomycin 2003 Daptomycin-resistant methicillin-

resistant Staphylococcus aureus 

2004 

Ceftazidime-

avibactam 

2015 Ceftazidime-avibactam-resistant KPC-

producing Klebsiella pneumonia 

2015 

 

CONCLUSIONS 

The need for novel antibiotics is substantial as rates of 

bacterial resistance rise and the current toolbox of 

effective antibiotics dwindles. Government agencies are 

supporting the development of novel antimicrobials with 

new regulatory pathways, improved guidance, and 

financial assistance. Leveraging these resources can 

improve the chances of success for clinical development 

and eventual approval. 
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