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The post-antibiotic era' is more than the loss of existing antibi-
otics; it is the entrenchment of systems that threaten the effec-
tiveness of new antibiotics and transition to a post post-
antibiotic era. These systems include unprecedented reliance on
manufactured chemical substances, where most of the ~8 mil-
lion in commerce have neither been adequately evaluated for
effects on human health? nor for effects on microbes. Another is
a social priority to use profit-generating inventions to direct

both public and private sector research and development.’

The common response to the cri-

teria of medical importance and the scale of use of antibiotics
in medicine and agriculture is sound. It is not just that antibi-
otics kill that causes resistance. It is also how we manage their
development and use.*® Stewardship requires us to face the

social, not just biological, causes of resistance.
Chemical habitat

Industrialized societies have enormous capacity to manufac-
ture and intentionally spread commercial chemicals,” includ-
ing antibiotics. For example, concentrated animal feeding op-

erations use large quantities of

sis of antibiotic resistance is re-
newed commitment to invention

of new ones. Invention of new

and industrial institutions will resist

therapeutics as a solution to the
problem of infectious disease has
been the dominant paradigm
since the dawn of the modern

antibiotic era. Yet it has for much

“The same powerful socio-legal

changes needed to help us exit the

coming post-antibiotic era.”

antibiotics to support dense
animal populations.” Much of
the antibiotic consumed by
farm animals is unabsorbed
and transferred to the soil."
The air becomes contaminated

with aerosolized antibiotics,

of this history failed to keep pace

with need.*® Another path lies in the adoption of social struc-
tures that ensure the effectiveness of existing and new antibiot-
ics, through stewardship. This path, however, is poor at reward-
ing invention of social value through capture of financial re-
wards.

In the post-antibiotic era, as in the present,7 each new antibiotic
will be quickly countered by resistance. It becomes tempting to
hypothesize that resistance is a pre-determined outcome of use.
In which case, stewardship has no promise. If any use would be

too much, then would prudent use ever sustain efficacy?

The direct link between the evolution of antibiotic resistant bac-

selected microbes and antibi-
otic resistance genes, thereafter distributed by wind and in-
haled or ingested."' Run-off from farms also causes contami-
nation of waterways.” Even concentrations too low to kill

12" Antibiotic-resistant bacteria in

bacteria select resistance.
animal manure may find their way to food by direct transfer or

by using insect vectors."

Antimicrobial compounds such as heavy metals are added to
paints.' Antibacterials such as triclosan are in household
products such as soaps.'> Despite evidence that triclosan use
increases resistance to clinical antibiotics and nasal coloniza-
tion by Staphylococcus aureus,'®'" hundreds of tons are re-

leased through household products and accumulate in the
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waste stream.'> Other biocides are incorporated into food

packaging and cosmetics.'*"

There may be many more manufactured chemicals not in-
tended to affect microbes but do.”’ Characterization of
chemicals in commerce rarely includes testing for antimicro-
bial activity. On the bright side, unintended antimicrobial
effects are occasionally pursued as a source of potential new

antibiotics.?!

Salicylates, including those used in aspirin, induce multiple
antibiotic resistance in bacteria.”> Herbicides also have been
shown to induce multiple drug resistances. Observed effects

were fast and required no pre-exposure to the herbicide.”

As with the salicylates, herbicide exposures increased the
concentration needed by some antibiotics to inhibit bacteria,
and decreased or had no effect on the concentration needed
by others. The response pattern depended on species and
herbicide, suggesting that the multiple antibiotic resistance
response was due to changes in production of efflux pumps
and/or porins. This was confirmed by restoration of wild
type response patterns when the bacteria were treated with

the efflux inhibitor PapN.>

The herbicide concentration required to achieve the effect
was generally above legal maximum residue limits in food
and most animal feeds. However, it was
significantly below recommended appli-
cation rates.” Herbicides are among the

most commonly released products in

controlled, leaving people and pets to be exposed as they trav-

el through them (Figure 1).

Relevant exposures might also result from combination expo-
sures. Some herbicides could combine with aspirin to reach an

inducing concentration.”

The increases in resistance to various antibiotics, including
ciprofloxacin, ranged from two- to six-fold. This is relevant
because two- and four-fold changes in resistance to ciprofloxa-
cin were enough to cause 21% and 75%, respectively, of pa-

tients to get a lower-than-target dose.”

If each antimicrobial activity could only be countered by a
biochemistry unique to it, then prudent use of future antibiot-
ics might sustain efficacy. However, the biochemistry of re-
sistance is overlapping, sometimes in surprising ways.’®?’
When a non-medicinal chemical has antimicrobial activity,
resistance often first arises from a change in gene expression.
Removing the inducer eventually restores susceptibility. How-
ever, these adaptive changes increase the potential for acquisi-
tion of spontaneous mutations or horizontal gene transfer lead-

. . . 2
1ng to genotypic resistance.”?*

Innovation Environment

Prevailing intellectual property rights instruments reward anti-

Table 1. Herbicide use by sector in millions of

pounds* of active ingredient.

both urban and rural environments Active ingredient United States

(Table 1). Worldwide, 3 billion pounds of Agriculture Other**
active ingredient are used annually.”® The | glyphosate 280 13
U.S. accounts for 25% of global use on 2,4-D 35 13
nearly 800,000 farms and in 52 million P

households.”* Relevant rural exposures 69 not reported
could occur in farm animals grazed on | P endimethalin 11 6
treated pastures or within spray drift areas. | dicamba 5 )

Relevant human and pet exposures in ur-
ban areas might occur in private lawns or

public parks, where herbicide use is not

* Based on mid range of estimates for 2012.
**Home and garden combined with government and industry.

Source: Ref. 24
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biotics with the largest market rather than a long
useful life.*” It influences what kinds of drugs are
commercialized and offers few incentives for inno-

vation in stewardship.> " !

Innovation in stewardship has other impediments
too, especially where unrelated industries using
chemicals that induce resistance may also have to

change behavior, and possibly profit margins.

The post-antibiotic era comes from business as
usual. The same powerful socio-legal and industrial
institutions will resist changes needed to help us
exit the coming post-antibiotic era. Antibiotics are
precious global resources. Future innovation

should treat them as such.
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