This is the end: our post-antibiotic world

Since the dawn of the antibiotic age, we knew the end would come one day. 

In the 1930s, the serendipitous discovery of penicillin provided clinicians with a powerful means weapon to combat previously fatal illnesses. Antibiotics became household drugs. Yet . A staphylococci or streptococci infection no longer meant death; surgery became a much safer endeavor; treatments that directly accessed the bloodstream – catheters, kidney dialysis, Caesarean sections, biopsies – became possible. The medical revolution also changed our daily lives. For the first time, people could willingly risk physical injury as they engaged in rough-and-tumble sports and other activities. Without the threat of infection and death, a scrape became just a scrape.

However, despite popular belief, effective antibiotics are constantly under threat from bacterial resistance. our cavalier use of these key weapons are facilitating the development of antibiotic resistance. In medicine, Microbes synthesize antibiotics naturally as way to control population, fend off invading microbes and ensure access to nutrients. Antibiotic resistance occurs inevitably in an evolutionary tug-of-war: the weak would die while the strong survived and propagate resistance to subsequent generations, thus rendering the antibiotic useless. It is naïve to think that synthetic antibiotics could escape this fate. sAdding fire to the flame is cavalier way that many patients – and some physicians – misuse antibiotics; some estimate that in the US 50% of prescribed antibiotics are squandered on viral infections (and other cases where they are not needed,) or ineffective as prescribed1. Arguably, the biggest misuse of antibiotics currently in our culture lies beyond the realm of medical careOutside the clinics,. In Canada, over 75% of antimicrobials in Canada are used in agricultural animals to stimulate their growth, increase their weight and phrophylacticallyprophylactically guard them against infections2. , which may help breed drug-resistant strains that are infectious to humans and much harder to treat. 
This practice has spurred the evolution of drug-resistant Salmonella, which can be transmitted to humans through food-borne or water-borne contaminants. 

Antibiotic resistance is growing at an alarming rate and. Just two years after discovering penicillin, Sir Alexander Fleming predicted that microbes would inevitably gain resistance against antibiotics if exposed to non-lethal quantities of the miracle drug. He was right: to combat the first cases of penicillin-resistant staph in the 1940s, pharmaceutical companies developed the first synthetic antibiotic – methicillin in 1960. Resistance developed in less than 2 years. A new class of antibiotics including linezolid was introduced in 2000 and resistance occurred only a year after. Daptomycin, introduced in 2003 suffered the same fate3.  

tThe public health consequences are dire. Globally, in 2011, 3.7% of new cases and 20% of previously treated cases were estimated to have multi-drug resistant tuberculosis (TB). ); resistance to early generations of antimalarial drugs is widespread in malaria-endemic countries. Despite a recent drop in infection rates, methicillin-resistant Staphylococcuc aureus (MRSA) remains a leading cause of hospital-acquired infections and deaths. Our “existing last line” antibiotic defenses – such as ciprofloxacin for Shigella or “last line” oral cephalosporins for Neisseria 
gonorrhoeae – are crumbling in the face of rapidly developing resistance34. In 2013, the World Health Organization issued an urgent warning over Carbapenem-resistant Enterobacteriaceae (CRE), which are resistant to nearly all antibiotics we have today2.

While we have been misusing antibiotics, theirAdding fire to the flame, the antibiotic development pipeline has slowed to a trickle. To engineer novel classes of antibiotics that are unfamiliar to microbes, By the 1980s, most classes of antibiotics in common use today had already been discovered5; to combat resistance, pharmaceutical companies needed to rely on rational drug design, to develop new classes of compounds that microbes have never encountered before – an endeavor with an estimated $1 billion price tag43. Furthermore, Further dampening big pharma’s enthusiasm is that aantibiotics are simply not profitable. 
Since they cure the root of the disease, they are not suitable for long-term use. Unlike drugs for chronic and lifestyle diseases, antibiotics actually cure to root of the problem; thus they are used for a few months at most and inherently limits sales. Once a new antibiotic is introduced tohits the market, resistance rapidly develops and may render the drug ineffective in a few years. In addition, eEven a truly innovative class of antibiotics may not actually sell: health care professionals will have the incentive to “save”may save them as a last resort for multi-drug resistant cases – a good practice for medicine, but certainly not one for business. In 1999, Roche became the first large pharmaceutical company to pull out of antibiotic research, followed by,  Lilly, Abbott and Bayer pulled out of antibiotic research. In 2004, only five new antibiotics were under development, in stark contrast to four new drugs for eretile dysfunction56. As recently as 2011, Pfizer closed down its main antibiotic research division67.

Is the post-antibiotic era inevitable? The answer is hopefully no, but not without global cooperation and an attitude change towards our use of antibiotics. In this regard, Canada has been vigilant in government regulations of medical and agricultural antibiotic use. First established in 1994, the Canadian Nosocomial Surveillance Program (CNISP) conducts surveillance forsurveys MRSA, Clostridium difficile, CPE and other infections from 54 sentinel hospitals spread across 10 provinces, which provides a framework for developing national guidelines for sustainable antibiotic use in medicine.  These data provide a framework for physicians and policy makers to develop national guidelines regarding prudent and sustainable antimicrobial use in clinical settings. Complementary to CNISP,The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS) compliments CNISP and monitors antimicrobial use and resistance across the food supply chain. Without a doubt, tThese and other international and several international efforts continue to provide useful information about emerging resistance, outbreaks and their impact on public health2, and they need to be sustained. . 

[bookmark: _GoBack]An alternative strategy is to spur the development of novel antibiotics. The GAIN (US federal government has stepped in and enacted the GAIN (Generating Antibiotic Incentives Now) Act in 2012 to providein the United States was enacted in 2012 to incentivizee and accelerate approval for antibiotics development. Last year, Roche invested up to US$550 million dollars to support the development ofdevelop macrocyclic peptidomimetic antibiotics against Pseudomonas aeruginosa infection67. This January, AstraZeneca and Sanofi each partnered with biotechnology companies to identify and optimize novel naturally occurring antimicrobial compounds67. This is not a fast fix – drug leads often require over a decade to go from concept to market78. In the meantime, perhaps the most important intervention is to educate both medical professionals and the general public in antibiotic use. It is time to treat them with respect.  
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