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The wastewater resistome:

Lurking antibiotic resistance in the environment
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ABSTRACT
Antibiotic resistant bacteria and their resistance determinants have been frequently reported in all 
types of environments especially in water systems. The collection of antibiotic resistant genes and 
precursors in host bacteria occupying wastewater environment represents wastewater resistome.  This 
resistome is highly potential to resist almost all types of antibiotics exposed to the environment. Since 
antimicrobial resistance could be transferred from environmental bacteria to clinical or veterinary 
pathogens and vice versa, wastewaters systems are spawning grounds for global antibiotic resistance, 
with potentially serious infection consequences for human and animals. Although the sub-lethal 
dose of antibiotics is key stimulating factor, however, physiological and environmental stress on 
bacteria due to various factors including non-antibiotic antimicrobials, organic pollutants like PAHs, 
chlorinated phenols and heavy metals may also drivethe enrichment of antibiotic resistance genes 
in the environment. Although actual key mechanisms for survival of antibiotic resistance bacteria, 
proliferation and dissemination of such genes in wastewater are still elusive, this mini review briefl y 
describes environmental resistome, possible drivers and dissemination paths of resistance genes 
in wastewater systems. Considering the hazards, effi cient wastewater treatment technologies are 
needed to be developed for mitigation of antibiotic resistance bacteria and resistance genes.
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INTRODUCTION
Emergence of microbial resistance to almost all types 
of antibiotics has posed a serious threat to human 
and animal health increasing perilous risk towards 
microbial infections worldwide (Berendonk et al. 2015). 
More recently, the environment is increasingly being 
recognized for itsimportant role in the global spread 
of clinically relevant antibiotic resistance (Singer et 
al. 2016) because environmental microorganisms are 
highly antibiotic resistant and harbor responsible 
genetic content. Although antibiotic resistant bacteria 
(ARB) and genes (ARGs) are found in different 
environments (Allen et al. 2010; Wright et al. 2010), 
wastewater treatment plants (WWTPs) for example 
those treating sewage and municipal (Rizzo et al. 2013; 
Mao et al. 2015; Rodriguez-Mozaz et al. 2015), hospital 
(Rodriguez-Mozaz et al. 2015), pharmaceutical (Tao et 
al. 2016; Wang et al. 2015), swine farm (Zhu et al. 2013), 
livestock farm (Chen et al. 2015), tannery wastewater 
(Wang et al. 2013) have been reported as important 
reservoirs of ARGs. Since these wastewaters are normally 

contaminated with high or sub-lethal concentrations of 
antibiotics (Watkinson et al. 2007) which create a selective 
pressure for acquiring the resistance via horizontal spread 
of ARGs.Additionally, water environments are favorable 
for transfer of resistance genes (Aydin et al. 2016). 
Therefore, such WWTPs are often considered as hot spot for 
resistant bacteria and genes (Rizzo et al. 2013)  and could 
be a point source to disseminate into natural environment 
like fresh water sediments (Czekalski et al. 2014) and 
other environments. These reports clearly indicate that 
antibiotic resistance is lurking in the wastewaters and 
wastewater treatment plants. It is, therefore interesting 
to understand increasing extent of resistome, potential 
drivers and their dissemination through wastewater 
treatment systems. 

Environmental resistome
The term ‘resistome’was proposed by Wright (2007) 
to describe the totality of all the antibiotic resistance 
genes and their precursors in both pathogenic and non-
pathogenic bacteria. WWTPs accumulatecommunities 
of enteric- and environmental bacteria coupled with 
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residual concentrations of antibiotics, disinfectants, and 
heavy metals, which potentially select for ARB (Marano 
and Cytryn 2017) and spread antibiotic resistance.The 
wastewater antibiotic resistome is dynamic and ever 
expanding with varieties of antibiotic resistant genes 
and mobile genetic elements (Wang et al. 2013; Chen 
et al. 2015;  Li et al. 2015; Mao et al. 2015; Munck et al. 
2015; Rodriguez-Mozaz et al. 2015; Tao et al. 2016; Yang 
et al. 2016; Guo et al. 2017; Su et al. 2017) that reveal 
lurking nature of antibiotic resistance.

Szczepanowski et al. (2009) found 140 and 123 
different resistance-gene-specifi c amplicons including 
aminoglycoside, beta-lactam, chloramphenicol, 
fl uoroquinolone, macrolide, rifampicin, tetracycline, 
trimethoprim and sulfonamide resistance genes 
as well as multidrug effl ux and small multidrug 
resistance genes on total plasmid DNA preparations 
obtained from bacteria of activated sludge or the 
WWTP’s fi nal effl uents. Recently, the rapid progress 
in high throughput sequencing and functional gene 
array has allowed comprehensive profi ling of ARGs 
in environmental samples with the metagenomics 
approach (Tao et al. 2016; Guo et al. 2017). A  
metagenomic profi ling of ARGs and MGEs in tannery 
WWTP revealed that aerobic and anaerobic sludge 
contained sul1 and tet genes in high abundance 
accompanied with over 70 types of insertion sequences 
and class 1 integrase (Wang et al. 2013). Su et al. (2017) 
detected twenty resistance gene types consisting of 
381 subtypes with the three most dominant resistance 
gene types, conferring aminoglycoside, tetracycline, 
and beta-lactam resistance in sewage.Another recent 
metagenomic analysis reported the occurrence of 42 
and 51 different subtypes of ARGsin the activated 
sludge and digested sludge, respectively along with 
abundant MGEs including plasmids, transposons, 
integrons (intI1) and insertion sequences (ISSsp4, 
ISMsa21, ISMba16) (Guo et al. 2017). High priority 
carbapenem-resistant gene (blaKPC-2) and its hosts 
including Klebsiella spp., Enterococcus spp., Acinetobacter 
spp., Escherichia spp., Shigella spp. were also detected in 
all stages of WWTP (Yang et al. 2016).

Environmental drivers of antibiotic resistance
Horizontal gene transfer is a key mechanism for 
evolution of bacterial genomes and can disseminate the 
genes among microbial communities in environmental 
reservoirs and potential pathogens (Figure 1). It 
is well understood that selective pressure created 

by low concentration of antibiotics can promote 
horizontal gene transfer in environment. However, the 
mechanisms of antibiotic resistance may not necessarily 
evolve only in response to antibiotics (Piddock et al. 
2006) and surprisingly, the presence of antibiotics did 
not signifi cantly increase the effi ciency of conjugation in 
many bacteria (Lopatkin et al. 2016). Instead, physiological 
status of microbial cell and the environmental stress over 
the cell could be important determinant of antimicrobial 
resistance (Figure 1). Bacterial stress responses due to 
exposure to nutrient starvation/limitation, reactive 
oxygen and nitrogen species, membrane damage, 
elevated temperature, and ribosome disruptionin 
wastewater treatment  systems  may  initiate  microbial  
response that could positively recruit the resistance 
determinants in microbial community enhancing their 
antimicrobial resistance (Poole 2012). These fi ndings 
indicate that horizontal transfer of ARGs in environmental 
bacteria might also be enhanced due to several factors 
besides antibiotics. As mentioned, consistent stress on 
microbial cells may play important role to encourage 
acquiring resistance. Several toxic substances including 
heavy metals (Li et al. 2015; ), chlorinated phenols (Baker-
Austin et al. 2006; Muller et al. 2015), triclosan biocides 
(Karatzas et al. 2007), disinfectants (Zhang et al. 2017), 
herbicides (Kurenbach et al. 2015), different polyaromatic 
hydrocarbons (Chen et al. 2017), including pyrene (Sun 
et al. 2015) have been reported to co-select or enrich the 
ARGs mostly encoding multidrug resistant effl ux pumps 
in the water or soil environment.Since biocide/metal 
resistance genes (BMRGs) for example, mercury 
resistance genes and the qacE∆1 gene (resistance to 
quaternary ammonium compounds) generally co-
occur with ARGs on plasmids, and cadmium/zinc 
and macrolide/aminoglycoside resistance genes are 
linked (Pal et al. 2015). Besides, effl ux pumps can often 
provide cross-resistance to multiple chemicals.

In addition, mobile genetic elements (MGEs) including 
plasmids, insertion sequences and transposons play 
important role in resistance gene transfer (Frost et al. 
2005; Li et al. 2015). So higher abundance of the MGEs 
enhances the risk of disseminating the antibiotic resistance 
in environment.

Antibiotic resistance dissemination paths
Application of antibiotics for medicine and veterinary 
use provides selective pressure to acquire resistance 
among selected bacteria in gut microbiome 
communities in humans and animals (Figure 2). The 
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resistant bacteria are transferred to environment for 
example wastewater by various means. Once entered 
to the wastewater systems, ARB can disseminate 
their resistance carriage among other members of the 
endogenous microbial community. Additionally huge 
amount of the persistent antibiotics trigger spread of 
antibiotic resistanceas the hot spot in WWTPs (Singer 
et al. 2016). Unfortunately, WWTPs do not effi ciently 

Figure 1: Antibiotic resistant gene mobilization, horizontal  gene transfer and potential drivers for 
proliferation of antibiotic resistance in wastewater.

remove all ARGs that are subsequently released in 
treated effl uents (Yang et al. 2014). The treated water 
if reclaimed for human use, the resistance genes 
and their host would be exposed to humans; and at 
same time if discharged, the effl uent contaminates 
receiving water bodies, soil and groundwater aquifer 
that ultimately may transport antibiotic resistance 
determinants again to humans (Figure 2). 

Figure 2: Potential dissemination of antibiotic resistance bacteria and their genes (modifi ed from Guo et al. 2017)

The use of biosolids or sludge as a manureis also 
a potential route of human exposure to antibiotic 
resistance genes through consumption of contaminated 
crops (Rahube et al. 2016). Thus WWTPs lead to 
multi-lateral dissemination of antibiotic resistance in 

environment channeling back to humans. 

In fact, this environmental resistome constituting large 

amount of resistant genes have the high potential to be 

transferred to pathogens and the evidences that at least 
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some clinically relevant resistance genes have originated 
in environmental microbes have been reported (Wright 
2010). However, core resistome is unique to the WWTP 
environment, with 10% of the resistance genes found 
outside the WWTP environment (Munck et al. 2015) 
indicating low frequency of genetic exchange between 
wastewater and human resistome. Even in the case, 
the potential risk of acquiring antibiotic resistance 
to pathogens remains high enough to challenge the 
effi ciency of commonly used antibiotics. 

CONCLUSION 
Water and wastewater systems are major part of 
environmental resistome as a great reservoir of 
antibiotic determinants and their host bacteria. It is now 
seriously realized that emergence and dissemination 
of the antibiotic resistant bacteria and their respective 
genes and mobile elements in the environment could 
pose much higher risk to human health than previously 
expected. Therefore the global antibiotic resistance 
control strategies should consider to recommend 
stringent criteria for discharge of antibiotics in 
wastewater. Although some factors for induction and 
spread of resistant determinants have been reported 
but the core mechanism and driving forces acting on 
environmental resistome are still elusive. Research 
efforts should focus to unravel the key factors, 
mechanisms and transmission paths of environmental 
resistome. Engineered biological systems to treat water 
and wastewater are reliable solutions to mitigate 
pollutants. Innovative treatment technologies should 
be developed and adopted to minimize the contents 
of the environmental resistome which would be great 
contribution in tackling the global burden of antibiotic 
resistance.
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