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Industry Summary 

 

Systematic reviews are a rigorous knowledge synthesis technique first developed in the health sciences to 

summarize information from numerous randomized trials examining the clinical efficacy of an 

intervention. In contrast to a narrative review, this method permits the evaluation of all available evidence 

on the question of interest using a standardized process. Because of varied opinions regarding the 

evidence for sources of antibiotic resistance found in the environment, this app9roach is ideally suited to 

this type of topic. We conducted a systematic review to address the following question: : Is the prevalence 

or concentration of antibiotic resistant bacteria (ARB) or resistance genes (ARG) in soil, water, air or free-

living wildlife higher in close proximity to, or downstream from, known or suspected sources compared to 

areas more distant from or upstream from these sources? The total number of studies that were evaluated 

was 4,524, and from these, 60 were included in the final evaluation (19 with ARG outcome and 41 with 

ARB outcome). Many of the studies provided little useful information due to a high level of bias in the 

study design. The systematic review found a large number of studies presenting qualitative evidence that 

proximity to or direction from point sources, particularly waste water treatment plants, may be associated 

with higher levels of antibiotic resistance; however, very few studies quantitatively characterize this effect 

or provide statistical inference to aid in interpretation. This systematic review provides a strong imperative 

to improve research methods in order to provide interpretable, quantitative information about the effect of 

point sources on resistance in the environment. 
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Scientific Abstract 

 

A systematic review was conducted to examine the evidence on whether point sources are associated with 

an increase in antibiotic resistance in the adjacent environment. The review question was based on the 

Population, Exposure, Comparator, Outcome (PECO) framework as follows: Is the prevalence or 

concentration of antibiotic resistant bacteria or resistance genes (O) in soil, water, air or free-living 

wildlife (P) higher in close proximity to, or downstream from, known or suspected sources (E) 

compared to areas more distant from or upstream from these sources (C)? A comprehensive search 

strategy was created to capture all relevant, published literature. Criteria for two stages of eligibility 

screening were developed to exclude publications that were not relevant to the question, and determine if 

the study evaluated the association between a source and levels of resistance using an appropriate 

comparison group. A decision matrix was created which will permit consistent assessment of risk of bias 

due to sample selection bias, information bias, and confounding. A data extraction tool was developed for 

the project with the capacity to efficiently extract data on multiple outcomes from a single study. The 

systematic review found a large number of studies presenting qualitative evidence that proximity to or 

direction from point sources, particularly waste water treatment plants, may be associated with higher 

levels of antibiotic resistance; however, very few studies quantitatively characterize this effect or provide 

statistical inference to aid in interpretation. Some studies reported no effect of point sources on resistance 

measures, even qualitatively. Due to a lack of quantitative effect estimates, we are not able to assess 

possible impacts of publication bias using visual or other methods such as funnel plots. Therefore, we 

cannot rule out the possibility that some studies found to have null effects were not published in the 

scientific literature. As such, it is not possible to conclude whether or not point sources are associated with 

increases in resistance measures in the environment. However, these findings do support the plausibility of 

such an effect and indicate the appropriateness of further study on this issue. This systematic review 

provides a strong imperative to improve research methods in order to provide interpretable, quantitative 

information about the effect of point sources on resistance in the environment. We make the following 

recommendations for future research: 

 Design more longitudinal studies  (versus cross-sectional studies), to study changes over time 

 Plan study design and data analysis to control for the effect of confounding due to other sources of 

resistant bacteria or resistance genes  

 Quantify the association between point sources and outcomes using effect measures and report 

with appropriate statistical inference  

 Enhance collaborative work between epidemiologists, microbiologists, ecologists, and other 

scientists, to provide expertise where needed 

 

Introduction 

 

The dissemination of antibiotic resistant bacteria (ARB) or associated antibiotic resistance genes (ARG) 

from anthropogenic sources into the environment is an area of growing concern with potential risks for 

human, animal and ecosystem health. Numerous studies have detected ARB and ARG in a variety of 

environmental sites across the globe, including seawater, fresh water, soil and air. Although antibiotic 

resistance in environmental bacteria has existed for billions of years and occurs in locations across the 

globe, some evidence suggests that the amount of resistance in environmental media increased 

dramatically in the last century, likely due to the extensive use of pharmaceutical antibiotics (Finley et al., 

2013). Despite this, the degree to which increased levels of these resistance factors in the environment 

result from specific anthropogenic sources, such as human wastewater or animal agriculture, is an area of 

debate (Wooldridge, 2012, Woolhouse et al., 2015). Point sources, such as wastewater effluent pipes and 

agricultural waste lagoons, represent an important and definable contribution to this environmental 
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problem. Here we present a method of summarizing all published, scientific evidence on the effect of 

point sources on environmental resistance.  

 

Systematic reviews are a rigorous knowledge synthesis technique first developed in the health sciences to 

summarize information from numerous randomized trials examining the clinical efficacy of an 

intervention (Sargeant and O'Connor, 2014b). In contrast to a narrative review, this method permits the 

evaluation of all available evidence on the question of interest using a standardized process. A 

documented search strategy gathers all published literature on a predefined question, and identified 

publications are screened for relevance to this question. For included studies, risk of bias to the internal 

validity of the study is assessed, relevant data are extracted and the overall evidence is summarized. The 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement, published in 

2009, proposed reporting standards for systematic reviews to ensure thorough and consistent reporting of 

systematic review activities (Moher et al., 2009). The PRISMA statement recommends creating and 

making accessible a predefined protocol describing how the systematic review will be conducted.  

 

Here we describe the protocol for a systematic review of available evidence on the subject of whether 

environmental levels of bacterial antibiotic resistance are higher in close proximity to point sources 

compared to areas more distant from those sources. Specifically, this protocol provides a way to 

rigorously evaluate the state of evidence on the following question: Is the prevalence or concentration of 

antibiotic resistant bacteria (ARB) or resistance genes (ARG) in soil, water, air or free-living wildlife 

higher in close proximity to, or downstream from, known or suspected sources compared to areas more 

distant from or upstream from these sources? 
 

Objectives: 

 

The objective of the proposed systematic review methodology is to rigorously summarize the current 

evidence for an association between point sources and environmental levels of antibiotic resistance. The 

process will result in a clearer understanding of the state of knowledge about this question and 

identification of data gaps. The specific question we will address is: 

Is the prevalence or concentration of antibiotic resistant bacteria (ARB) or resistance genes (ARG) in 

soil, water, air or free-living wildlife higher in close proximity to, or downstream from, known or 

suspected sources compared to areas more distant from or upstream from these sources? 

 

 

Materials and Methods 

 

First, a team was assembled. Each one of its members brought specific skills, and the different tasks and 

responsibilities for the project were assigned accordingly. Then, a protocol was developed by one of the 

team members to establish the components and the criteria for each step of the review process. In order to 

develop this protocol, the team members had numerous meetings to figure out the best approach, and to 

clearly define the review question. The specific review question of concern was: Are environmental levels 

of antibiotic resistance higher in close proximity to, or downstream from, known or suspected sources 

compared to areas more distant from or upstream from these sources? 

 

A comprehensive search of the electronic databases PubMed, CABI, and Scopus was conducted on 

October 14th 2014. The specific search strategy chosen for PUBMED was as follows: 

 

"drug resistance, microbial"[Mesh] AND ("water pollutants"[Mesh] OR "environment"[MeSH Terms] OR 

"soil"[MeSH Terms] OR "water"[MeSH Terms] OR "water pollution"[MeSH Terms] OR "air 

pollution"[MeSH Terms] OR "air pollutants"[MeSH Terms] OR "animals, wild"[MeSH Terms]) AND 
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("Animals"[MeSH Terms] OR "humans"[MeSH Terms] OR "animal feed"[MeSH Terms] OR 

"manure"[MeSH Terms] OR "aquaculture"[MeSH Terms] OR "waste water"[MeSH Terms] OR 

"sewage"[MeSH Terms] OR "hospitals"[MeSH Terms] OR "hospitals, animal"[MeSH Terms] OR 

"cities"[MeSH Terms]) NOT "therapeutics"[MeSH Terms] NOT "drug discovery"[MeSH Terms] NOT 

"aids"[All Fields] NOT "hiv"[All Fields] NOT "influenza"[All Fields] 

 

There was no exclusion for citations in other languages other than English, nor a specific date range, or 

geographic area, including any study from any location worldwide. 

 

In addition to the electronic literature searches, hand searches of the references listed in relevant narrative 

reviews and key research articles were also conducted to ensure all relevant peer reviewed literature was 

assessed.  

 

All citations were exported into the EndNote reference management software package (Thomson Reuters) 

and were screened in two phases for relevance to the review question. First, the titles and abstracts were 

reviewed and were excluded a) if they were not primary research (e.g., review article or conference 

proceedings), b) if no environmental samples were collected (air, water, soil, or biological samples from 

wildlife), or c) if the study did not report prevalence or concentration of bacterial antibiotic resistance 

factors (bacteria or genes). The second phase of the screening evaluated the quality of the study design, 

and just the methods section was reviewed. Studies were excluded if a) they did not report proximity to, or 

direction from (in the case of unidirectional flow) a suspected source of resistance elements, or b) there 

was no comparison group. A Microsoft Excel spreadsheet was used to record the results from the 

screening process. Then, all the studies that remained after the screening process were assessed for 

potential biases. A rubric consisting of low (plausible bias unlikely to seriously alter the results), unclear 

(plausible bias that raises some doubt about the results), and high (plausible bias that seriously weakens 

confidence in the results) was used. Studies were independently reviewed by two team members for 

screening and risk of bias assessment. A Microsoft Access database, created by Dr. Singer for this project 

specifically, was used to record the results from the bias assessment. The same database was used to 

extract relevant data from the studies that were finally included, which was the next step in the methods. 

They were divided in two outcomes types: ARG, and ARB. All extracted data was checked against the 

original study by a different reviewer to ensure accuracy. The extracted data consisted of: study design, 

source (exposure) type, sampling details, comparison of interest, statistical analysis used, effect measures 

reported, and information related to the outcome (either ARG or ARB). If no effect measure was 

presented, qualitative evidence pertaining the systematic review question was extracted when available.  

 

 
 Table 1. Eligibility criteria for inclusion of studies 

Population: Soil, water, air or free-living wild animal samples 

Exposure: Locations nearer to a potential point source of antibiotic resistance, or 
downstream/down-gradient from such a source in a unidirectional system 

Comparator: Locations distal to such a source, or upstream/up-gradient from such a source in a 
unidirectional system 

Outcomes: Prevalence or concentration of ARB or ARG 

Study design: Experimental and observational studies 
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Results 

 

The total number of studies that were evaluated was 4,524. From those, 690 made it through relevance 

screening, and 60 were included after the design screening process (19 with ARG outcome and 41 

with ARB outcome) (Figure 1).  The majority of the studies were of cross-sectional design. Of the 60 

included studies, 28% were judged to be at low risk of presenting substantially biased estimates of the 

effect of interest, namely the effect of point source(s) on the frequency or concentration of bacterial 

resistance in environmental media. Of these same 60 studies, 23% were judged to be at high risk of 

presenting biased estimates. For 49% of these studies the risk of bias could not be determined from the 

available information.  

 

The data extracted from each study was stratified by outcome (ARG and ARB) and can be found in 

Tables 2 (ARG) and 3 (ARB). Some of the main highlights were: 

 

 Most studies evaluated human waste (mainly wastewater treatment plants) as a point source, followed in 

frequency by terrestrial agriculture, urban, and aquaculture. Samples consisted mainly of superficial 

water, then sediment, ground water, soil, and biofilm. There were no studies that included samples taken 

from wildlife or from air.  

 Only one study reported an effect measure (risk difference). None of the studies reported statistical 

analysis to evaluate the association of interest between a point source and the ARG levels in the 

environmental samples. Thus, no quantitative data was extracted, and only qualitative information was 

assessed, as shown in the results tables.  

 The main ARG evaluated were tet and sul genes (resistance to tetracyclines and sulfonamides, 

respectively) 

 For ARB, there was a wide diversity of bacteria evaluated, including E.coli, Aeromonas, Listeria 

monocytogenes, MRSA, Salmonella, and Staphylococcus spp. Most studies used the disk diffusion 

method to test for antibiotic resistance. The most commonly followed guidelines were CLSI, but there 

were some studies that followed national guidelines according to the country where the study was 

conducted (e.g. French National Guidelines). There was a variety of antibiotics tested with no consistent 

panel across studies. 
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Figure 1. Flowchart describing inclusion and exclusion of studies. 

 

  

De-duplicated records identified 

by literature searches, 

 

4,524 

 

Title and abstract reviewed 

Records excluded 

at relevance screening 

 

3,834 

Records excluded 

at design screening 

 

630 

Records subjected to design 

screening, 

690 

 

Full-text retrieved,  

methods reviewed 

Records included, ARB outcome 

 

41 

 

Full-text reviewed 

Records included, ARG outcome 

 

19 

 

Full-text reviewed 
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Discussion 

 

The systematic review found a large number of studies presenting qualitative evidence that proximity to 

or direction from point sources, particularly waste water treatment plants, may be associated with higher 

levels of antibiotic resistance; however, very few studies quantitatively characterize this effect or 

provide statistical inference to aid in interpretation. Some studies reported no effect of point sources on 

resistance measures, even qualitatively. Due to a lack of quantitative effect estimates, we are not able to 

assess possible impacts of publication bias using visual or other methods such as funnel plots. We 

cannot rule out the possibility that some studies found to have null effects were not published in the 

scientific literature. As such, it is not possible to conclude whether or not point sources are associated 

with increases in resistance measures in the environment. However, these findings do support the 

plausibility of such an effect and indicate the appropriateness of further study on this issue. 

 

Recommendations for research 

 

This systematic review provides a strong imperative to improve research methods in order to provide 

interpretable, quantitative information about the effect of point sources on resistance in the environment. 

We make the following recommendations for future research: 

 

 Design better studies that are capable of quantifying the impact of specific sources on 

environmental resistance levels. Different study designs can address different types of questions, 

and the choice of study design should be made carefully. For example, a longitudinal study (over 

time) can help establish temporal changes but might still lack the capacity to determine if 

distance is having an effect on resistance levels. If temporal data are collected, these data should 

be reported in full, not collapsed into a single estimate where the temporal component is lost.  

 Study designs should carefully address the possible sources of resistance within the study area 

and control for these potential confounders. Without knowledge of the influence that other 

sources within the study area have on resistance, it is very difficult to discern the impact of the 

focal point source on resistance. 

 The scale of the study should be carefully considered prior to implementation. The spatial scale 

of the study should reflect the precision of the results that are desired and the overall effect that 

the point sources are believed to have on environmental resistance levels. 

 Studies should be measuring and then analyzing the distance that each sampling site is located 

from other potential sources (e.g. see Prudent et al.). This approach is one way of controlling for 

potential confounders. 

 Proper epidemiological effect measures that can quantify the association between point sources 

and resistance outcomes need to be employed. Appropriate statistical methods should be 

standard for these types of studies. 

 

 

Challenges 

 

One of the main challenges during the screening process of this project was to retrieve older citations, 

but this is a common challenge with these types of reviews. Many of the papers were in different 

languages (including Russian, Polish, Chinese, and German, among others), and this required an effort 

to translate them into English. Finally, the scope of the review question was broad, which led to the 

inclusion of heterogeneous studies which were difficult to compare with each other. 

 

I. Publications / Presentations 
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Both the Systematic Review protocol and the preliminary results for the ARG were presented at the 6th 

Symposium on Antimicrobial Resistance in Animals and the Environment (July 2015; Tours, France). 

They will also be presented at the International Symposia on Veterinary Epidemiology and Economics 

(November 2015, Merida, Mexico).  

 

Williams-Nguyen , J., Bueno, I., Sargeant, J., Nault, A., Hwang, H., and Singer, R. “Application of 

systematic review methodology to dissemination of antibiotic resistance from anthropogenic sources 

into the environment.” 6th Symposium on Antimicrobial Resistance in Animals and the Environment, 

July 2015, Tours, France 

 

Bueno, I., Williams-Nguyen, J., Sargeant, J., Nault, A., Hwang, H., and Singer, R. “Dissemination of 

antibiotic resistance genes from Human and agricultural sources into the environment: A systematic 

review of the evidence.” 6th Symposium on Antimicrobial Resistance in Animals and the Environment, 

July 2015, Tours, France 

 

Both the protocol and the ARG results will be submitted for publication by October 1, 2015 to the 

journal Veterinary Microbiology, Special Edition (ARAE 2015), and the ARB results will be submitted 

to a different journal, as yet to be determined. 
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Table 2.  Data extracted from studies with ARG as the outcome (n=19) 

Citation Country Spatial 

scale 

Source 

type 

Sample 

type 

Applicable 

comparison 

Gene(s) Overall risk 

of bias 

Findings 

Czekalski, N., 

et al. (2014) 

Switzerland 4 km Human 

waste 

Sediment Distance sul1, sul2 

tetB, tetM, tetW 

qnrA 

 

Unclear sul1, sul2, tetB: 

Detected at all 

sampling sites, even 

the remote ones from 

the source.  

tetM, tetN: Decreased 

with distance from 

the source 

qnrA: Detected only 

at source. 

 

 

Hong, P. Y., 

et al. (2013) 

United 

States 

15 m Terrestrial 

agriculture 

(Swine) 

Ground 

water 

Direction tetZ, tetQ 

intl1, intl2 

 

 

Unclear Concentration of 

ARG was higher near 

the source compared 

to more distant 

points. 

 

 

Khan, G. A., 

et al. (2013) 

Pakistan 20 km Urban 

(city) 

Sediment Direction and 

Distance 

sul1, dfrA1, ermB, 

tetA, tetB, intl1 

Unclear Higher concentration 

of ARG downstream 

from the source 

compared to the 

source and upstream 

from it.  
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Kristiansson, 

E., et al. 

(2011). 

India 20 km Human 

waste 

Sediment Direction and 

Distance 

sul2, strA, strB, 

qnrS 

Unclear sul2, strA and strB 

with higher levels 

downstream 

compared to 

upstream and at the 

source; qnrS lower 

levels downstream 

compared to 

upstream and at the 

source. 

 

 

Leclercq, R., 

et al. (2013). 

France 4 km Human 

waste 

Surface 

water 

Direction mefA, tetM, ermB  Low Higher levels at the 

source compared to 

downstream. 

 

 

 

Marti, E., et 

al. (2013) 

Spain 200 m Human 

waste 

Sediment Direction and 

Distance 

qnrA, qnrB, qnrS, 

blaTEM, blaCTX-M, 

blaSHV, ermB, sul1, 

sul2, tetO, tetW  

Unclear Higher levels at the 

source compared to 

downstream, and the 

lowest levels of ARG 

were found upstream; 

some genes only 

found at the source. 

 

 

Pei, R., et al. 

(2006) 

United 

States 

50 km Urban 

(city) 

Sediment Direction sul1, sul2, tetO, 

tetW 

Unclear Higher concentration 

of sul genes 

compared to tet 

genes. Higher 

concentration 

downstream from the 

source compared to 

upstream. 
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Tamminen, 

M., et al. 

(2011) 

Finland 1 km Aquacultu

re 

Sediment Distance tetA, tetC, tetE, 

tetG, tetM, tetH, 

tetW 

Low Genes only found at 

the farm sites, but not 

outside the farm sites. 

 

 

 

Uyaguari, M. 

I., et al. 

(2011). 

United 

States 

100 km Human 

waste 

Surface 

water 

Sediment 

Direction blaM-1 Unclear Higher concentration 

at the source 

compared to 

downstream and 

upstream sites.   

 

Higher level of  blaM-

1 detected in the 

sediments compared 

to water. 

 

 

Zhang, S., et 

al. (2013) 

China <50 km Urban 

(city) 

Surface 

water 

Direction dfrA1, blaTEM, 

cmlA5, sul2, tetA, 

ermB, blaOXA1, 

tetG, strA 

High When detected 

(blaTEM, sul2, ermB, 

dfrA1), higher 

concentration 

downstream from the 

source than upstream. 

 

LaPara, T. 

M., et al. 

(2011). 

United 

States 

8 km Human 

waste 

Sediment Direction tetA, tetX,tetW, 

intl1 

Unclear Higher concentration 

of genes at the source 

outflow compared to 

other sites. 

 

Li, L., et al. 

(2013) 

China Unclear Terrestrial 

agriculture 

(swine) 

Surface 

water, 

Soil 

Direction lnu(F), erm(A), 

lnu(A), lnu(D), 

vgaA, vgaC, vgaD, 

vgaE 

Unclear Higher concentration 

at the source site 

compared to 

downstream sites. 
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Böckelmann, 

U., et al. 

(2009) 

Spain 1 km Human 

waste 

Ground 

water, 

Surface 

water 

Direction tetO, ermB  Unclear Higher concentration 

at the source site 

compared to 

downstream sites. 

 

Castiglioni, 

S., et al. 

(2008) 

Italy 100 km Human 

waste 

Surface 

water, 

Sediment 

Direction marA Unclear Higher levels 

downstream 

compared to source 

and upstream. 

 

Czekalski, N., 

et al. (2012). 

Switzerland 4 km Human 

waste 

Surface 

water 

Distance sul1, sul2 Low No difference 

between the source 

and downstream 

sites. 

 

Hsu, J. T., et 

al. (2014) 

Taiwan 800 m Terrestrial 

agriculture 

(Swine) 

Surface 

water 

Direction and 

Distance 

sul1, sul2, sul3 Unclear Sul1 and sul2: Higher 

level downstream 

compared to 

upstream; sul3 not 

detected. 

 

Jia, S., et al. 

(2014) 

China 10 km Terrestrial 

agriculture 

(swine) 

Surface 

water 

Direction tetC, tetX, tetQ, 

tetW, tetO, tetM 

High Decreased levels of 

gene abundance at 

points further from 

the source. 

 

Stalder, T., et 

al. (2014) 

Not reported 5 km Human 

waste 

Surface 

water 

Direction and 

Distance 

intl1, intl2, intl3 Low No difference 

reported across sites. 

 

 

Pruden, A., et 

al (2012) 

United 

States 

>50 km Human 

waste, 

CAFOs 

Surface 

water 

Direction and 

Distance 

sul1, tetW Low No trend reported for 

gene abundance. 
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Table 3.  Data extracted from studies with ARB as the outcome (n=41) 

Citation Country Spatial 

scale 

Source type Sample 

type 

Applicable 

Comparison 

Type of bacteria Overall risk 

of bias 

Findings 

 

Al-Bahry, S. N., 

et al. (2009) 

 

Oman 

 

10 km 

 

Human 

waste 

 

Water, 

Fish 

 

Distance 

 

Gram negative 

(Salmonella spp) 

 

 

Low 

 

 

For both water and 

fish samples, isolates 

were resistant to 

ampicillin, followed 

by carbenicilin, but 

less to other 

antibiotics. 

 

 

Dzierzanowska, 

D., et al. 

(1977) 

Poland 7 km Urban (city) Water Direction and 

Distance 

Gram negative 

 

 

Unclear No resistant bacteria 

upstream from the 

source detected; 

highest level near the 

source. 

 

 

Goni-Urriza, 

M., et al. 

(2000) 

Spain 30 km Human 

waste 

Water Direction and 

Distance 

Gram negative 

(Aeromonas spp, 

Enterobacteriacea

) 

High There was an 

increase of resistant 

bacteria percentage 

downstream from the 

source compared to 

upstream, especially 

with beta-lactams and 

tetracycline. 
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Gordon, L., et 

al. (2007) 

France 2 km Aquaculture Sediment Direction Gram negative 

(Aeromonas spp) 

High Aeromonas spp- 

resistant to 

Florfenicol, 

Oxytetracycline, and  

Oxolinic acid 

found downstream 

from the source and 

not found upstream. 

 

 

 

Hess, S. and C. 

Gallert (2014). 

Germany Unclear Human 

waste 

Surface 

water 

Direction Gram positive 

(Staphylococcus) 

Unclear The percentage of 

antibiotic resistant 

Staphylococci 

decreased during the 

wastewater treatment 

process, and it was 

lower in the surface 

river water, except 

for erythromycin and 

clindamycin which 

was a higher 

percentage compared 

to the source. 

 

 

 

Leclercq, R., et 

al. (2013). 

France 4 km Human 

waste 

Water Direction Gram positive 

(Enterococci) 

Low Higher percentage of 

antibiotic resistant 

bacteria at the source 

compared to 

downstream. 
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Oberle, K., et 

al. (2012) 

France 4 km Human 

waste 

Water Direction Gram negative 

(E.coli) 

Unclear The percentage of 

E.coli resistant to at 

least 1 antibiotic was 

44.9% at the source, 

and 26% downstream 

from the source in the 

river. A similar trend 

was reported for 

multidrug resistant 

E.coli. 

 

 

Oh, H., et al. 

(2009) 

South Korea Large Human 

waste 

Water Direction Oligotrophic/Heter

otrophic 

High The general trend 

was a lower 

percentage of 

resistant bacteria in 

the river samples 

compared to the 

source, which was 

upstream from the 

river. 

 

Blaak, H., et al. 

(2014) 

Netherlands 2 km Human 

waste 

Water Direction Gram negative 

(E.coli) 

High Higher percentage of 

resistant bacteria at 

the source compared 

to upstream and 

downstream. 

 

 

Chen, B., et al. 

(2011) 

China <20 km Urban (city) Surface 

water 

Direction and 

Distance 

Gram negative 

(E.coli) 

High No relevant data to be 

reported. 
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Fincher, L. M., 

et al. (2009) 

United 

States 

3 km Urban (city) Surface 

water 

Direction Gram negative 

(E.coli) 

Unclear There was resistant 

bacteria found 

upstream and 

downstream from the 

source with no 

significant 

differences. 

 

 

Harnisz, M. 

(2013) 

Poland 2 km Human 

waste 

Water Direction and 

Distance 

Heterotrophic Unclear Higher percentage of 

resistant bacteria 

downstream 

compared to 

upstream and to the 

source. 

 

 

Kerry, J., et al. 

(1995) 

Ireland 5 km Aquaculture Sediment Distance Unclear Low Higher percentage of 

resistance at the farm 

sites compared to 

sites further away 

from the farms (at 

least 5 km). 

 

 

Laroche, E., et 

al. (2009) 

France 60 km Human 

waste 

Surface 

water 

Direction Gram negative 

(E.coli) 

High Higher percentage of 

resistant bacteria 

downstream 

compared to 

upstream across all 

time points of 

sampling. 
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Laube, H., et 

al. (2014). 

Germany 0.15 km Terrestrial 

agriculture 

(Poultry) 

Air Direction and 

Distance 

Gram negative 

(E.coli harboring 

blaTEM1) 

Low 10% of the air 

samples downwind 

were positive for 

ESBL/Ampc-

producing E.coli 

compared to 5% of 

the samples upwind. 

 

 

Li, D., et al. 

(2009). 

China 35 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Heterotrophic High Higher percentage for 

downstream samples 

compared to 

upstream for all the 

antibiotics tested. 

 

 

Li, D., et al. 

(2010) 

China 25 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Heterotrophic Low Higher percentage for 

downstream samples 

compared to 

upstream for all the 

antibiotics tested. 

 

 

Middleton, J. 

H. and J. D. 

Salierno (2013) 

United 

States 

0.38 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Thermotolerant 

fecal coliforms 

Low No percentage of 

resistance reported. 

 

 

 

         

Schreiber, C. 

and T. 

Kistemann 

(2013). 

Germany 0.16 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Gram negative 

Rhodospirillaceae 

Low Resistance found in  

Rhodospirillaceae  

did not appear to be 

related to the source 

(wastewater 

discharge). 
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Soni, D. K., et 

al. (2013) 

India 3 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Gram positive 

(Listeria 

monocytogenes) 

Unclear There were no 

bacteria detected 

upstream, so there 

was no comparison of 

resistance. 

 

West, B. M., et 

al. 

(2011)(2014). 

United 

States 

3 km Human 

waste 

Surface 

water 

Direction and 

Distance 

Gram negative 

(Fecal coliforms) 

High Risk difference for 

Ampicilin was 

reported as 8.1% 

lower for upstream 

compared to 

downstream. 

 

 

Yao, Q., et al. 

(2011). 

China 50 km Terrestrial 

agriculture 

(swine) 

Soil Distance Gram negative 

(Enterobacteriace

a) 

High Higher percentage of 

resistance near the 

farms compared to 

sites distant from the 

farm (45.2% vs 

33.9%). 

 

 

 

Akiyama, T. 

and M. C. 

Savin (2010). 

United 

States 

2 km Human 

waste 

Surface 

water, 

Sediment 

Direction and 

Distance 

Gram negative 

(E.coli; Total 

coliforms) 

Low Significantly higher 

percentage of 

resistant E.coli 

downstream 

compared to 

upstream in one 

sampling campaign, 

but not in the next 

sampling campaign. 

No difference for 

total coliforms. 
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Alharbi, S. A. 

(2012). 

UK 2 km Hospital Soil Distance Gram positive 

(MRSA) 

Unclear No obvious trend 

reported. 

 

 

Anderson, B. 

W., et al. 

(2014). 

 

 

United 

States 

0.6 km Terrestrial 

agriculture 

(Poultry 

processing 

plant) 

Surface 

water 

Direction Gram negative 

(Tetracycline-

resistant E.coli) 

Unclear No obvious trend 

reported. 

Bayne, S., et al. 

(1983) 

 

 

UK 0.8 km Human waste Surface 

water 

Direction and 

Distance 

Gram positive 

(Streptococcus 

group D) 

Low No obvious trend 

reported. 

 

 

 

Czekalski, N., 

et al. (2012). 

 

Switzerla

nd 

3.2 km Human waste Surface 

water, 

Sediment 

Distance Multiple Low Proportion of 

resistant less than 1% 

or absent at all sites. 

 

 

Fuentefria, D. 

B., et al. (2011) 

Brazil 1.4 km Hospital Surface 

water 

Direction and 

Distance 

Gram negative 

(Pseudomonas 

aeruginosa) 

Unclear Higher percentage of 

resistance 

downstream 

compared to 

upstream. 

 

 

Fuentefria, D. 

B., et al. 

(2008). 

Brazil Unclear Hospital Surface 

water 

Direction Gram negative 

(Pseudomonas 

aeruginosa) 

Unclear 77.3% of P. 

aeruginosa strains 

from upstream was 

pan-susceptible 

compared to 44.4% 

of P. aeruginosa 

strains from 

downstream. 
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Hsu, J. T., et al. 

(2014) 

Taiwan 1 km Terrestrial 

agriculture 

(swine) 

Surface 

water 

Direction Gram negative,  

Gram positive 

Unclear Higher percentage of 

resistance 

downstream 

compared to 

upstream. 

 

Koczura, R., et 

al. (2012) 

Poland Unclear Human waste Water Direction Gram negative 

(E.coli) 

Unclear Higher resistance at 

the source (50%) 

compared to 

upstream (33.3%) 

and downstream sites 

(26.7%). 

 

Li, D., et al. 

(2011). 

China 35 km Human waste Water Direction and 

Distance 

Not specified Unclear Higher percentage of 

resistance 

downstream (65%) 

compared to 

upstream (10%). 

 

Marti, E., et al. 

(2014). 

Spain 200 m Human waste Sediment Direction and 

Distance 

Gram negative 

(Pseudomonas 

aeruginosa) 

Low In general, higher 

resistance 

downstream 

compared to 

upstream sites. 

 

Mondragón, V. 

A., et al. 

(2011). 

Mexico Unclear Human waste Water Direction Gram positive 

(Enterococcus) 

Unclear Higher percentage of 

resistance 

downstream 

compared to 

upstream and the 

source. 

 

Reinthaler, F. 

F., et al. 

(2003). 

 

Austria 200 m Human waste Water Direction and 

Distance 

Gram negative 

(E.coli) 

Low No difference 

between the sites. 
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Sapkota, A. R., 

et al. (2007) 

United 

States 

500 m Terrestrial 

agriculture 

(swine) 

Surface 

water 

Direction and 

Distance 

Gram positive 

(Enterococcus) 

Unclear 0% resistance 

upstream compared 

to 18% at all 

downstream sites. 

 

 

Schulz, J., et al. 

(2012) 

Germany 400 m Terrestrial 

agriculture 

(swine) 

Soil Direction and 

Distance 

Gram positive 

(MRSA) 

Unclear Higher resistance 

downwind compared 

to upwind (using 

bootsocks). 

 

 

Sidrach-

Cardona, R., et 

al. (2014). 

Spain 1.5 km Industrial 

waste 

Water Direction and 

Distance 

Gram negative 

(E.coli) 

Unclear Higher resistance 

downstream 

compared to 

upstream. 

 

 

Suzuki, Y., et 

al. (2013). 

Japan 12 km Human waste Surface 

water 

Direction and 

Distance 

Gram negative 

(Pseudomonas) 

High No difference 

between sites. 

 

 

 

 

Xu, H., et al. 

(2012). 

China Unclear Human waste Surface 

water 

Direction Gram negative 

(Coliforms) 

Unclear Higher percentage of 

resistance 

downstream 

compared to 

upstream. 

 

Gallert, C., et 

al. (2005) 

 

Germany 430 m Human waste Ground 

water 

Direction and 

Distance 

Gram positive 

(Enterococcus) 

Unclear Higher resistance 

downstream 

compared to 

upstream. 

 



22 

 

References 

 

Hess, S., & Gallert, C. (2014). Demonstration of staphylococci with inducible macrolide-

lincosamide-streptogramin B (MLSB ) resistance in sewage and river water and of the 

capacity of anhydroerythromycin to induce MLSB. FEMS Microbiology Ecology, 88(1), 

48-59. 

Akiyama, T., & Savin, M. C. (2010). Populations of antibiotic-resistant coliform bacteria change 

rapidly in a wastewater effluent dominated stream. Science of the Total Environment, 

408(24), 6192-6201. 

Al-Bahry, S. N., Mahmoud, I. Y., Al-Belushi, K. I., Elshafie, A. E., Al-Harthy, A., & Bakheit, C. 

K. (2009). Coastal sewage discharge and its impact on fish with reference to antibiotic 

resistant enteric bacteria and enteric pathogens as bio-indicators of pollution. 

Chemosphere, 77(11), 1534-1539. 

Alharbi, S. A. (2012). The isolation of MRSA from soils adjacent to hospitals. Journal of Food, 

Agriculture and Environment, 10(3-4), 1100-1102. 

Anderson, B. W., McCauley, S., Lewis, G. P., & Liao, M. K. (2014). Impacts of a poultry 

processing plant on the diversity of Escherichia coli populations and transferability of 

tetracycline resistance genes in an urban stream in South Carolina. Water, Air, and Soil 

Pollution, 225(7). 

Bayne, S., Blankson, M., & Thirkell, D. (1983). Enumeration and speciation of group D 

streptococci from above and below a sewer outfall, their susceptibilities to six antibiotics 

and a comparison with clinical isolates. Antonie van Leeuwenhoek, International Journal 

of General and Molecular Microbiology, 49(4-5), 399-401. 

Blaak, H., Kruijf, P. d., Hamidjaja, R. A., Hoek, A. H. A. M. v., Husman, A. M. d. R., & Schets, 

F. M. (2014). Prevalence and characteristics of ESBL-producing E. coli in Dutch 

recreational waters influenced by wastewater treatment plants. ARAE 2013, Antimicrobial 

Resistance of Bacteria from Animals and the Environment, 171(3/4), 448-459. 

Böckelmann, U., Dörries, H. H., Ayuso-Gabella, M. N., De Marçay, M. S., Tandoi, V., 

Levantesi, C., Grohmann, E. (2009). Quantitative PCR monitoring of antibiotic resistance 

genes and bacterial pathogens in three European artificial groundwater recharge systems. 

Applied and Environmental Microbiology, 75(1), 154-163. 

Castiglioni, S., Pomati, F., Miller, K., Burns, B. P., Zuccato, E., Calamari, D., & Neilan, B. A. 

(2008). Novel homologs of the multiple resistance regulator marA in antibiotic-

contaminated environments. Water Research, 42(16), 4271-4280. 

Chen, B., Zheng, W., Yu, Y., Huang, W., Zheng, S., Zhang, Y., Topp, E. (2011). Class 1 

integrons, selected virulence genes, and antibiotic resistance in Escherichia coli isolates 

from the Minjiang River, Fujian Province, China. Applied and Environmental 

Microbiology, 77(1), 148-155. 

Czekalski, N., Berthold, T., Caucci, S., Egli, A., & Bürgmann, H. (2012). Increased levels of 

multiresistant bacteria and resistance genes after wastewater treatment and their 

dissemination into Lake Geneva, Switzerland. Frontiers in Microbiology, 3(MAR). 

Czekalski, N., Gascon Diez, E., & Burgmann, H. (2014). Wastewater as a point source of 

antibiotic-resistance genes in the sediment of a freshwater lake. The ISME Journal, 8(7), 

1381-1390. 



23 

 

Dzierzanowska, D., Kaczmarski, W., & Borowski, J. (1977). River waters polluted by industrial-

communal sewage as a reservoir of drug-resistant microorganisms. Przeglad 

epidemiologiczny, 31(2), 187-193.  

Fincher, L. M., Parker, C. D., & Chauret, C. P. (2009). Occurrence and antibiotic resistance of 

Escherichia coli O157:H7 in a watershed in north-central Indiana. Journal of 

Environmental Quality, 38(3), 997-1004. 

Finley, R. L., Collignon, P., Larsson, D. G., Mcewen, S. A., Li, X. Z., Gaze, W. H., Reid-Smith, 

R., Timinouni, M., Graham, D. W. & Topp, E. 2013. The scourge of antibiotic resistance: 

the important role of the environment. Clin Infect Dis, 57, 704-10. 

Fuentefria, D. B., Ferreira, A. E., & Corção, G. (2011). Antibiotic-resistant Pseudomonas 

aeruginosa from hospital wastewater and superficial water: Are they genetically related? 

Journal of Environmental Management, 92(1), 250-255. 

Fuentefria, D. B., Ferreira, A. E., Gräf, T., & Corção, G. (2008). Pseudomonas aeruginosa: 

Spread of antimicrobial resistance in hospital effluent and surface water. Revista da 

Sociedade Brasileira de Medicina Tropical, 41(5), 470-473. 

Gallert, C., Fund, K., & Winter, J. (2005). Antibiotic resistance of bacteria in raw and 

biologically treated sewage and in groundwater below leaking sewers. Applied 

Microbiology and Biotechnology, 69(1), 106-112. 

Goni-Urriza, M., Capdepuy, M., Arpin, C., Raymond, N., Caumette, P., & Quentin, C. (2000). 

Impact of an urban effluent on antibiotic resistance of riverine Enterobacteriaceae and 

Aeromonas spp. Applied and Environmental Microbiology, 66(1), 125-132. 

Gordon, L., Giraud, E., Ganiere, J. P., Armand, F., Bouju-Albert, A., de la Cotte, N., Le Bris, H. 

(2007). Antimicrobial resistance survey in a river receiving effluents from freshwater fish 

farms. Journal of Applied Microbiology, 102(4), 1167-1176. 

Harnisz, M. (2013). Total resistance of native bacteria as an indicator of changes in the water 

environment. Environmental Pollution, 174, 85-92. 

Hong, P. Y., Yannarell, A. C., Dai, Q., Ekizoglu, M., & Mackie, R. I. (2013). Monitoring the 

perturbation of soil and groundwater microbial communities due to pig production 

activities. Applied and Environmental Microbiology, 79(8), 2620-2629. 

Hsu, J. T., Chen, C. Y., Young, C. W., Chao, W. L., Li, M. H., Liu, Y. H., Ying, C. (2014). 

Prevalence of sulfonamide-resistant bacteria, resistance genes and integron-associated 

horizontal gene transfer in natural water bodies and soils adjacent to a swine feedlot in 

northern Taiwan. Journal of Hazardous Materials, 277, 34-43. 

Jia, S., He, X., Bu, Y., Shi, P., Miao, Y., Zhou, H., Zhang, X. X. (2014). Environmental fate of 

tetracycline resistance genes originating from swine feedlots in river water. Journal of 

Environmental Science and Health - Part B Pesticides, Food Contaminants, and 

Agricultural Wastes, 49(8), 624-631. 

Kerry, J., Hiney, M., Coyne, R., NicGabhainn, S., Gilroy, D., Cazabon, D., & Smith, P. (1995). 

Fish feed as a source of oxytetracycline-resistant bacteria in the sediments under fish 

farms. Aquaculture, 131(1/2), 101-113. 

Khan, G. A., Berglund, B., Khan, K. M., Lindgren, P. E., & Fick, J. (2013). Occurrence and 

abundance of antibiotics and resistance genes in rivers, canal and near drug formulation 

facilities--a study in Pakistan. PloS ONE, 8(6), e62712. 

Koczura, R., Mokracka, J., Jablonska, L., Gozdecka, E., Kubek, M., & Kaznowski, A. (2012). 

Antimicrobial resistance of integron-harboring Escherichia coli isolates from clinical 



24 

 

samples, wastewater treatment plant and river water. Science of the Total Environment, 

414(Journal Article), 680-685. 

Kristiansson, E., Fick, J., Janzon, A., Grabic, R., Rutgersson, C., Weijdegard, B., Larsson, D. G. 

(2011). Pyrosequencing of antibiotic-contaminated river sediments reveals high levels of 

resistance and gene transfer elements. PloS ONE, 6(2), e17038.  

LaPara, T. M., Burch, T. R., McNamara, P. J., Tan, D. T., Yan, M., & Eichmiller, J. J. (2011). 

Tertiary-treated municipal wastewater is a significant point source of antibiotic resistance 

genes into Duluth-Superior Harbor. Environmental science & technology, 45(22), 9543-

9549. 

Laroche, E., Pawlak, B., Berthe, T., Skurnik, D., & Petit, F. (2009). Occurrence of antibiotic 

resistance and class 1, 2 and 3 integrons in Escherichia coli isolated from a densely 

populated estuary (Seine, France). FEMS microbiology ecology, 68(1), 118-130. 

Laube, H., Friese, A., Salviati, C. v., Guerra, B., & Rosler, U. (2014). Transmission of 

ESBL/AmpC-producing Escherichia coli from broiler chicken farms to surrounding 

areas. Veterinary microbiology, 172(3/4), 519-527. 

Leclercq, R., Oberle, K., Galopin, S., Cattoir, V., Budzinski, H., & Petit, F. (2013). Changes in 

enterococcal populations and related antibiotic resistance along a medical center-

wastewater treatment plant-river continuum. Applied and Environmental Microbiology, 

79(7), 2428-2434.  

Li, D., Qi, R., Yang, M., Zhang, Y., & Yu, T. (2011). Bacterial community characteristics under 

long-term antibiotic selection pressures. Water research, 45(18), 6063-6073.  

Li, D., Yang, M., Hu, J., Zhang, J., Liu, R., Gu, X., Wang, Z. (2009). Antibiotic-resistance 

profile in environmental bacteria isolated from penicillin production wastewater 

treatment plant and the receiving river. Environmental microbiology, 11(6), 1506-1517.  

Li, D., Yu, T., Zhang, Y., Yang, M., Li, Z., Liu, M., & Qi, R. (2010). Antibiotic resistance 

characteristics of environmental bacteria from an oxytetracycline production wastewater 

treatment plant and the receiving river. Applied and Environmental Microbiology, 76(11), 

3444-3451.  

Li, L., Sun, J., Liu, B., Zhao, D., Ma, J., Deng, H., Liu, Y. (2013). Quantification of lincomycin 

resistance genes associated with lincomycin residues in waters and soils adjacent to 

representative swine farms in China. Frontiers in Microbiology, 4(December), 364. 

Marti, E., Huerta, B., Rodríguez-Mozaz, S., Barceló, D., Jofre, J., & Balcázar, J. L. (2014). 

Characterization of ciprofloxacin-resistant isolates from a wastewater treatment plant and 

its receiving river. Water research, 61(Journal Article), 67-76.  Retrieved from 

http://www.scopus.com/inward/record.url?eid=2-s2.0-

84901481498&partnerID=40&md5=bad61dad736e9662299d60462c0017bb 

Marti, E., Jofre, J., & Balcazar, J. L. (2013). Prevalence of antibiotic resistance genes and 

bacterial community composition in a river influenced by a wastewater treatment plant. 

PloS one, 8(10), e78906. doi:10.1371/journal.pone.0078906 [doi] 

Middleton, J. H., & Salierno, J. D. (2013). Antibiotic resistance in triclosan tolerant fecal 

coliforms isolated from surface waters near wastewater treatment plant outflows (Morris 

County, NJ, USA). Ecotoxicology and Environmental Safety; 2013. 

Moher, D., Liberati, A., Tetzlaff, J. & Altman, D. G. 2009. Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS Med, 6, e1000097. 

Mondragón, V. A., Llamas-Pérez, D. F., González-Guzmán, G. E., Márquez-González, A. R., 

Padilla-Noriega, R., Durán-Avelar, M. D. J., & Franco, B. (2011). Identification of 



25 

 

Enterococcus faecalis bacteria resistant to heavy metals and antibiotics in surface waters 

of the Mololoa River in Tepic, Nayarit, Mexico. Environmental Monitoring and 

Assessment, 183(1-4), 329-340. 

Oberle, K., Capdeville, M. J., Berthe, T., Budzinski, H., & Petit, F. (2012). Evidence for a 

complex relationship between antibiotics and antibiotic-resistant Escherichia coli: from 

medical center patients to a receiving environment. Environmental science & technology, 

46(3), 1859-1868. 

Oh, H., Lee, J., Kim, K., Kim, J., Choung, Y., & Park, J. (2009). A novel laboratory cultivation 

method to examine antibiotic-resistance-related microbial risks in urban water 

environments. Water science and technology : a journal of the International Association 

on Water Pollution Research, 59(2), 347-352. 

Pei, R., Kim, S. C., Carlson, K. H., & Pruden, A. (2006). Effect of river landscape on the 

sediment concentrations of antibiotics and corresponding antibiotic resistance genes 

(ARG). Water research, 40(12), 2427-2435.  

Pruden, A. (2012). Correlation between upstream human activities and riverine antibiotic 

resistance genes. Environmental science & technology.  

Reinthaler, F. F., Posch, J., Feierl, G., Wüst, G., Haas, D., Ruckenbauer, G., Marth, E. (2003). 

Antibiotic resistance of E. coli in sewage and sludge. Water research, 37(8), 1685-1690. 

Sapkota, A. R., Curriero, F. C., Gibson, K. E., & Schwab, K. J. (2007). Antibiotic-resistant 

enterococci and fecal indicators in surface water and groundwater impacted by a 

concentrated swine feeding operation. Environmental Health Perspectives, 115(7), 1040-

1045. 

Sargeant, J. M. & O'connor, A. M. 2014. Conducting systematic reviews of intervention 

questions II: Relevance screening, data extraction, assessing risk of bias, presenting the 

results and interpreting the findings. Zoonoses Public Health, 61 Suppl 1, 39-51. 

Schreiber, C., & Kistemann, T. (2013). Antibiotic resistance among autochthonous aquatic 

environmental bacteria. Water Science and Technology, 67(1), 117-123. 

Schulz, J., Friese, A., Klees, S., Tenhagen, B. A., Fetsch, A., Rösler, U., & Hartung, J. (2012). 

Longitudinal study of the contamination of air and of soil surfaces in the vicinity of pig 

barns by livestock-associated methicillin-resistant Staphylococcus aureus. Applied and 

Environmental Microbiology, 78(16), 5666-5671.  

Sidrach-Cardona, R., Hijosa-Valsero, M., Marti, E., Balcázar, J. L., & Becares, E. (2014). 

Prevalence of antibiotic-resistant fecal bacteria in a river impacted by both an antibiotic 

production plant and urban treated discharges. Science of the Total Environment, 488-

489(1), 220-227. 

Soni, D. K., Singh, R. K., Singh, D. V., & Dubey, S. K. (2013). Characterization of Listeria 

monocytogenes isolated from Ganges water, human clinical and milk samples at 

Varanasi, India. Infection, Genetics and Evolution, 14, 83-91. 

Stalder, T., Barraud, O., Jové, T., Casellas, M., Gaschet, M., Dagot, C., & Ploy, M. C. (2014). 

Quantitative and qualitative impact of hospital effluent on dissemination of the integron 

pool. ISME Journal, 8(4), 768-777. 

Suzuki, Y., Kajii, S., Nishiyama, M., & Iguchi, A. (2013). Susceptibility of Pseudomonas 

aeruginosa isolates collected from river water in Japan to antipseudomonal agents. 

Science of the Total Environment, 450-451(Journal Article), 148-154. 



26 

 

Tamminen, M., Karkman, A., Lohmus, A., Muziasari, W. I., Takasu, H., Wada, S., Virta, M. 

(2011). Tetracycline resistance genes persist at aquaculture farms in the absence of 

selection pressure. Environmental science & technology, 45(2), 386-391.  

Uyaguari, M. I., Fichot, E. B., Scott, G. I., & Norman, R. S. (2011). Characterization and 

quantitation of a novel beta-lactamase gene found in a wastewater treatment facility and 

the surrounding coastal ecosystem. Applied and Environmental Microbiology, 77(23), 

8226-8233.  

West, B. M., Liggit, P., Clemans, D. L., & Francoeur, S. N. (2011). Antibiotic resistance, gene 

transfer, and water quality patterns observed in waterways near CAFO farms and 

wastewater treatment facilities. Water, air, and soil pollution, 217(1/4), 473-489. 

Wooldridge, M. 2012. Evidence for the circulation of antimicrobial-resistant strains and genes in 

nature and especially between humans and animals. Rev Sci Tech, 31, 231-47. 

Woolhouse, M., Ward, M., Van Bunnik, B. & Farrar, J. 2015. Antimicrobial resistance in 

humans, livestock and the wider environment. Philos Trans R Soc Lond B Biol Sci, 370. 

Xu, H., Chen, W., Wang, C., Yang, J., & Zhao, L. (2012). Distribution of antibiotics and 

antibiotic resistant fecal coliform in influents and effluents in a wastewater treatment 

plant and its receiving water. Fresenius Environmental Bulletin, 21(6 B), 1619-1625. 

Yao, Q., Zeng, Z., Hou, J., Deng, Y., He, L., Tian, W., Liu, J. (2011). Dissemination of the rmtB 

gene carried on IncF and IncN plasmids among Enterobacteriaceae in a pig farm and its 

environment. Journal of Antimicrobial Chemotherapy, 66(11), 2475-2479. 

Zhang, S., Lv, L., Zhang, Y., Zhang, H., & Yu, X. (2013). Occurrence and variations of five 

classes of antibiotic resistance genes along the Jiulong River in southeast China. Journal 

of environmental biology / Academy of Environmental Biology, India, 34(2 Spec No), 

345-351.  


