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The development of antibiotics revolutionized the man-
agement of patients with infectious diseases and may be 
considered as a defining moment of modern medicine 
[1]. However, emergence of resistance to antimicrobi-
als is challenging our practice by threatening to reverse 
decades of progress [2]. Patients with few or no effective 
antibiotic therapy options due to resistance are increas-
ingly observed and the possibility exists that this will 
worsen to the point where in some countries or patient 
populations the antibiotic therapy era will become only 
of historical relevance over the next two decades [3]. 
Given the current situation, antibiotic resistance, espe-
cially among Gram-negative pathogens, will most likely 
continue to evolve with low-income countries at great-
est risk [4]. We propose that following a continuous rise, 
resistance will reach an ultimate point where the eco-
nomic, medical, and social environment will change such 
that we will have the ability to continue to manage these 
important infections (Fig. 1).

As for the economy, the discovery and development of 
a range of new antibiotic agents may be expected on the 
basis of likely future incentives [5]. The ability of the phar-
maceutical industry to develop new compounds to treat 
multidrug-resistant pathogens should not be underesti-
mated. The current dearth of new antimicrobial agent dis-
covery is likely at least in part a reflection of the high cost 
of development with limited return on investment rather 
than an exhaustion of the possibilities for novel therapies 
per se [6]. From an industry perspective, the reward for 
producing agents directed at chronic infections such as 

HIV is potentially far greater as these patients will require 
lifelong therapy. This is even more so the case for nonin-
fectious chronic diseases such as diabetes or heart disease 
that affect a sizable proportion (i.e., 5–10 %) of adult popu-
lations of high-income countries. It is not surprising that 
the pharmaceutical industry has little motivation presently 
to develop antibiotic agents to treat a few patients per 1000 
population annually with severe infections for 1–2 weeks 
of therapy. However, should the day come that all bacteria 
are multi- or even pan-drug resistant, economic realities 
will dramatically change as we would then likely be willing 
to pay for much more expensive therapies that would be 
effective for highly lethal but treatable infections such as 
meningitis or intra-abdominal infection. Exorbitant prices 
and de-linkage reimbursement models (e.g., financial ben-
efit independent of the sales volume) for these future effec-
tive antibiotics would likely preclude their widespread use 
for nonsevere infections with a resultant reduction in the 
pressure on development of further resistance.

A second consideration with increasing resistance is that 
at some point we will be forced to think outside of the anti-
biotic “box”. As a result of the remarkable success of anti-
biotics, until relatively recently we have not been highly 
motivated to consider alternative approaches. We have 
been complacent regarding source control, and research 
in this regard represents a miniscule fraction of therapeu-
tic approaches [7]. We know that prompt drainage of skin 
abscesses can reduce antibiotic consumption considerably, 
yet it is likely that most patients are treated with antibiot-
ics in actual practice [8]. We are only just starting to learn 
about alteration of our microbiota for the management of 
infectious diseases, and our knowledge and manipulation 
of microbial interactions and communication in biofilms 
remain limited [9]. Immune modulator or biotherapy was 
demonstrated to have a major therapeutic effect in the pre-
antibiotic era, yet further advances have been limited over 
the past century [10]. Indeed, a wide range of other nonan-
tibiotic approaches have also been investigated [11].
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A third consideration that questions whether all bacte-
ria will be multiresistant or at the very least that we will 
be able to manage them relates to the expected change in 
how antibiotics will be viewed by clinicians in the future. 
Physicians are generally aware of the risks of antibiotic 
therapy not limited to allergic reactions, toxicities, and 
risks for development of Clostridium difficile infection 
and resistance. However, presently overall these compli-
cations only become apparent in a minority of patients 
and thus are not strong deterrents to inappropriate pre-
scription; therefore, a practice of prescription to be “on 
the safe side” is not uncommon [12]. However, should 
most or all bacteria become resistant in the future, we 
might frequently observe tragic deaths and morbidity as 
a result, even in young previously healthy individuals. 
Should this be the case then the culture of prescription 
of antimicrobial therapy will inevitably change, catalyzed 
by questions raised by media and the public. Take for 
example the inappropriate treatment of asymptomatic 
bacteriuria in nonpregnant adults. We know that inap-
propriate treatment in this setting increases the risk 
for future infections with increasingly resistant organ-
isms [13]. Despite this knowledge this practice remains 
widespread today. However, should the prospect of 
developing an untreatable infection become a common 
complication in the future, it would seem unlikely that 
clinicians would be likely to offer such therapy “to be on 
the safe side”.

Eventually and given this uncertainty regarding the 
prospective of resistance, we must think of strength-
ening our defense strategy in our hospital units. At the 

community level, immunization for bacterial infections 
may be further developed. Universal immunization pro-
grams for pneumococcal disease have not only resulted 
in major decreases of invasive infections across all ages in 
populations but have also been associated with decreases 
in resistance [14]. Enhanced immunization efforts for 
other bacterial diseases such as urosepsis caused by 
extended-spectrum beta-lactamase-producing Entero-
bacteriaceae may become equally as effective. The situ-
ation outside our hospitals is for now out of control and, 
once they have emerged, some resistance determinants 
such as CTX-M or NDM beta-lactamases have globally 
spread in the community setting, thereby creating an 
influx of resistant bugs to the hospitals. As for our afore-
mentioned argument, we should maybe not wait to reach 
such a point where resistance will be overwhelming but 
should test and implement the most efficient solutions 
to control the irrepressible influx of resistant bugs in our 
units, namely the investment in infection prevention and 
control programs and faster diagnostic tools for antici-
pating resistance and keep the antibiotic pressure to a 
minimum.

In summary, the possibility does exist that resistance 
will at some point in the future reach a point where the 
crisis will be realized by both the medical community 
and the public. Should that be the case, the econom-
ics of drug development will change. Perhaps equally as 
important, the recognition of the problem of resistance 
by physicians, patients, and the media will result in a shift 
in expectations and behaviors that will lead to better uti-
lization of the agents and preventative strategies that we 
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Industry has economic interest to
develop antibiotics again

Investment in alternatives to antibiotics
increases

Physicians change their habits: the
risk of overprescribing antibiotics
exceeds the risk of treatment failure
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bacteria change the perception of
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Fig. 1 Rise of antibiotic resistance up to a critical point where its perceptions by pharmaceutical industry, investors, physicians, and population will 
change
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already have. Will all bacteria be multidrug resistant in 
2035? Maybe. But we will have the capacity and available 
tools to deal with it.
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