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As it is well recognized, the concern for widespread anti-
microbial resistance (AMR) has received substantial atten-
tion. According to the report by the review on Antimicrobial 
Resistance (O’Neill 2016), AMR will claim 10 million peo-
ple in 2050, meaning that by then the death toll by AMR will 
exceed that by cancer. Given that the emergence of AMR 
is derived from the overuse of antibiotics in our lives and 
in industries such as pharmaceuticals and livestock, the 
limited or appropriate use of antibiotics would be favora-
ble. Nevertheless, it is not so easy to reduce the amount 
of antibiotic use because antibiotics have been utilized not 
only for fighting against infections but also as the preventive 
treatment and for promoting the growth of livestock—which 
means a lot of stakeholders are involved. Multiple actions 
are required to manage such an emerging issue.

Wastewater treatment facilities could be a key site to deter 
diffusion of AMR to water environments because such facili-
ties receive municipal and industrial wastewaters via a sewer 
system. As previously summarized from a technological 
point of view (Wang et al. 2019), state-of-the-art technolo-
gies to decompose pharmaceuticals, including antibiotics, 
are available by photocatalysis, ultraviolet exposure, and so 
on. These technologies have displayed excellent removals of 
antibiotics. Despite a promising function in addition to anti-
biotic degradation, e.g., production of hydrogen (Wang et al. 
2018), a common challenge lies in reducing cost burdens for 
the installation and operation. Every wastewater treatment 
facility cannot afford to install such an advanced technology 
capable of combatting AMR.

How can we tackle the spread of antimicrobial resistance 
genes and the emergence of antibiotic-resistant bacteria with 
this limited ability in wastewater treatment facilities? Most 
wastewater treatment facilities are short on budget to invest 

in a new system for the degradation of antibiotics. It seems 
that indigenous bacteria in a biological unit of a wastewa-
ter treatment facility may embrace a potential. Above all, 
microbial guilds responsible for aerobic ammonia oxidation, 
a.k.a. ammonia-oxidizing bacteria (AOB), could be respon-
sible for the mitigation of widespread AMR. It has long been 
noticed that nitrification activity by AOB is positively cor-
related with the decomposition of micropollutants, includ-
ing antibiotics (Tran et al. 2009 and Men et al. 2017). The 
direct evidence on biotransformation of micropollutants by a 
pure culture of ammonia-oxidizing bacterium was provided, 
demonstrating that ammonia monooxygenase (AMO) pos-
sessed by the bacterium degrades micropollutants as come-
tabolism of ammonia oxidation (Yu et al. 2018). In addition 
to the biotransformation of micropollutants, the product of 
ammonia oxidation by AMO, i.e., hydroxylamine, abioti-
cally degrades micropollutants under aerobic conditions (Yu 
et al. 2018). The combination of biotic and abiotic mecha-
nisms by AOB may facilitate the removal of antibiotics.

When it comes to biological treatment, there is a common 
and critical downside. In general, degradation rates of micro-
pollutants are much slower than physiochemical treatments. 
Furthermore, biochemical transformation cannot completely 
mineralize antibiotics in many cases, raising an issue of the 
remaining intermediates. The effect of the intermediates on 
the emergence of AMR is likely a future investigation. On 
the other hand, the creation of environmental niches, where 
AOB can exert cometabolism to the maximum extent, is of 
importance. A bioprocess-based investigation is also neces-
sary to harness cometabolism of bacteria. Last but not least, 
when confronting AMRs in wastewater treatment facilities, 
we need to showcase repertoires of both physicochemical 
and biological processes effectively degrading antibiotics, 
depending on any situations we may encounter. Further 
intensive studies are necessitated to slow down the spread 
of AMR in natural environments. * Akihiko Terada 
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