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Introduction
Discovery of the first antibiotic in 1928 by Alexander Fleming is 

considered as the greatest advance in therapeutic medicine and surgery. 
Penicillin was highly successful in controlling bacterial infections 
during World War II. Since then, many antibiotics were discovered 
to treat multiple bacterial infections and these antibiotics undoubtedly 
saved millions of lives. Antibiotics successfully prevented or treated 
hospital-acquired bacterial infections that can occur in patients during 
complex surgeries such as organ transplantations, joint replacements 
or cardiac surgery; patients receiving chemotherapy; and patients 
suffering from chronic diseases such as diabetes, renal diseases, and 
rheumatoid arthritis etc. 

The efficacy of antibiotics in treating bacterial infections is 
rapidly endangering due to the emergence of bacterial resistance to 
antibiotics. Resistance has been evident against all the antibiotics that 
were discovered. A growing number of infections such as tuberculosis, 
pneumonia, gonorrhea, and some diarrheal infections are becoming 
harder to treat or sometimes impossible as antibiotics against them 
have become less effective. In the USA alone, hospital-acquired 
infections account for an annual 2million new case and 99000 deaths, 
mostly due to resistant bacterial pathogens.1 According to world health 
organization (WHO) estimates, drug-resistant tuberculosis itself 
accounts for more than 480000 new cases.2 The rapid emergence of 
resistance calls for urgency in understanding the reasons for resistance 
and ways to mitigate the resistance development.

The crisis aroused due to antibiotic resistance is mainly attributed 
to, current choice of antibiotic target mechanisms, overuse and misuse 
of antibiotics, and lack of new drug development by pharmaceutical 
industry. Antibiotics developed so far target the mechanisms essential 
for bacterial survival such as protein synthesis, cell wall formation, 
and growth. Targeting these mechanisms put extensive pressure 
on the bacteria to develop resistance. The misuse and overuse of 
these antibiotics further aggravate the resistance bacterial strain 
development. The development of new antibiotics by pharmaceutical 
industry, an option used to combat drug resistance by bacteria in the 
past is slowed down as more and more companies are not considering 
antibiotic discovery as an economically viable option. While there are 
some new antibiotics under development, none of them are expected 
to treat multi drug-resistant bacteria. In recent years, the development 
of new antibiotics has generally been limited to modifications of 
existing antibiotics, which again primarily target essential bacterial 
proteins and put extensive selective evolutionary pressure on bacteria 

to develop resistance. In addition, current broad-spectrum antibiotics 
adversely affect the resident gut microbiota. These events eventually 
led to Center for Disease control (CDC) declaration in 2013 that 
humanity is now in “Post-antibiotic era” and WHO warning in 2014 
that the antibiotic resistance crisis is dire.

Keeping the possible antibiotic resistance in mind, it is of greatest 
need to develop new ways to treat bacterial infections. Researchers 
are marching in this direction to make evolution-proof antibiotics by 
targeting the ways that will disarm the bacterial pathogens without 
impacting their survival. Disarming the pathogen rather than killing 
or halting its growth is considered as an important strategy towards 
sidestepping the evolution of resistance. Drugs that disarm the 
pathogen are hypothesized to generate much weaker selection for 
resistance than traditional antibiotics. Disarming the pathogens is 
possible by targeting the virulence mechanisms which are crucial for 
bacterial pathogenicity. Researchers have been targeting a conserved 
family of bacterial proteins called AraC family proteins that are 
present in ~70% of bacteria and are known to regulate bacterial 
virulence, stress response, and sugar metabolism. By targeting these 
AraC family regulatory proteins, bacteria can be made non-pathogenic 
and the surveilling immune cells can identify the non-infective 
bacteria and clear them from the body. This exciting hypothesis has 
been tested in Shigella flexneri, a diarrhea-causing bacteria pathogen 
responsible for causing 165million cases of illness and more than 
1.1million deaths worldwide each year, and 70% of those dying from 
illnesses due to Shigella are children under the age of 5. A group of 
researchers lead by Dr. Susan Egan selectively inhibited an important 
AraC family Shigella virulence regulatory protein VirF that regulates 
a type III secretion system (T3SS) required for bacterial invasion.3 
A highly potent molecule “SE-1” ( 1-butyl-4-nitromethyl-3-quinolin-
2-yl-4H-quinoline) is found to not impact the growth of the bacteria 
but prevent bacteria’s ability to invade and infect cultured human 
intestinal cells. The efficacy and solubility of the molecule SE-1 is 
high enough to be developed as novel-antibacterial agent.4–6 SE-1 also 
inhibits infection pathways in other pathogenic bacteria that cause 
infections such as diarrhea, pneumonia, and cholera and thus can be 
developed as a novel agent to treat multiple infections. 

In addition to the AraC family regulators, components of type III 
secretion system (T3SS) including the needle tip complex and T3SS 
associated cytosolic ATPases have been considered as promising anti-
virulence targeting choices.7–11 Considering the conservation of T3SS 
across many pathogenic bacteria, discovery of an effective T3SS 
virulence blocker may yield non-traditional antibiotics that are more 
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Abstract

Antibiotic resistance in bacterial pathogens has increased to alarming levels and 
warrants immediate attention. Traditional antibiotics kill the bacteria by targeting 
the bacterial structures and mechanisms that are essential for their survival, putting 
great selection pressure to develop resistance. Anti-virulence drugs are new class of 
therapeutic targets being investigated to tackle this crisis. As anti-virulence drugs 
disarm the pathogen rather than killing, it may pose less selection pressure on bacteria 
to develop resistance.
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powerful and versatile than our current antimicrobials. Because the 
bacteria will still be able to survive in the presence of these drugs, 
there should be no longer a selection pressure on the bacteria to evolve 
resistance.
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