
 
Global Advanced Research Journal of Agricultural Science (ISSN: 2315-5094) Vol. 8(1) pp. 040-049, January, 2019 Issue.  
Available online http://garj.org/garjas/home 
Copyright © 2019 Global Advanced Research Journals  

 
 
 
 

Review  
 
 

Fate and Transport of Antibiotics and ARG’s in the Agri-
food System 

 

P. O. Danso1, Y.S. Yang1 2*, N. Cao3 
 

1 Key Laboratory of Groundwater Resources and Environment (Jilin University), Ministry of Education, Changchun 130021, 
Jilin China 

2 Key Laboratory of Regional Contaminated Environment and Eco-restoration (Shenyang University), Ministry of Education, 
Shenyang 110044, China. 

3 Laboratory of Agricultural Resource and Environment (Jilin University), Ministry of Education, Changchun 130062, Jilin 
China 

 
Accepted 26 January, 2019 

 

Antibiotics and agriculture are both essential for life. Antibiotics are used in humans, animals and 
plants for disease control and cure and agriculture provide food for the world. Antibiotics have long 
been used in agriculture for as long as they have been available to farmers. The use of antibiotics in 
agriculture has by several works of literature and research said to be counterproductive. The 
transport and fate of antibiotics in the food ecosystem poses a threat of induced antibiotic resistance 
genes and antibiotic-resistant bacteria which is a major environmental and health issue. This review 
article discusses the accumulation of findings that address aspects of fate and transport with 
emphasis on the Agri-food system. 
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INTRODUCTION 
 
Antibiotics have been a wonder discovery to the world. An 
estimation of 100,000 to 200,000 tons of antibiotics are 
consumed yearly worldwide.  In total, the antibiotic 
consumption within 2000 and 2010 increased over 30 
percent from an estimation of 50 billion to about 70 billion 
standard units (Van Boeckel et al., 2015). Antibiotic 
consumption in 2010 was topped by India, China   and  the 
United States of America, consuming 13, 10 and 7 billion 
standard units respectively. Nevertheless, the United 
States led in terms  of  individual  consumption  same  year  
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(Van Boeckel et al., 2015), with 11 and 15 SU per 
individual more than India and China. Fleming after 
discovering penicillin was the first to caution the resistance 
of antibiotics if used too little or for a too short period of 
treatment (Aminov, 2010).    

Bacteria resistance to antibiotics is a great threat to 
human health (WHO, 2014). An estimation of about 
700,000 people die from antibiotic-resistant  infections  and 
further estimations suggest another 10 million will die each 
year by 2050 if no action is taken (Withnall, 2016). In the 
United States, there is an antibiotic-resistant bacteria 
infection of about 2 million according to the Center for 
Disease Control and Prevention (CDC)  causing about 
23,000 to die yearly (CDC, 2018).  Microbial  opposition   to  
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                                        Figure 1. Diagram showing the timeline for antibiotics discovery 

 
 
 
antibiotics is a global threat hence there is a need for a 
global strategy to combat its increase. According to Hicks 
et al., (2010), 258 million courses of antibiotics were 
prescribed in the United States at a frequency of 833 
prescriptions per 1000 persons (Hicks et al., 2013). 
Meanwhile not all antibiotics fed to humans and animals 
are absorbed, most are passed out as waste (Chee-
Sanford et al.,  2009 and Pruden et al., 2006). Likewise, 
individuals flush unutilized antibiotics down toilets, wastes 
generated by health facilities are inappropriately discarded 
and septic spills deposits residuals of antibiotics into the 
soil, water bodies and groundwater contributing to 
antibiotics and ARG’s build up in the environment.  

Agri-foods are foods obtained from agricultural sources. 
Food is any nutritious substance that individuals or animals 
eat so as to keep up life and development (Fao.org, 2003). 
Agriculture is the fundamental source of food for earth’s 
population (Fao.org, 2003). Various opinion papers, 
reviews and reports have come up to address the 
conceivable connection between the use of antibiotics and 
the development of resistance in agri-foods and the world 
as a whole. This article amasses discoveries that address 
the current scenario regarding antibiotics, antibiotic 
resistance, antibiotic resistance genes (ARG’s), sources of 
antibiotics in the environment, sources of antibiotics and 
ARG’s in Agri-food, pathways of antibiotics and ARG 's in 
food, fate and implications of antibiotics and ARG 's, and 
suggestions to help with its remediation. 
 
Antibiotics 
 
They are substances produced either entirely or partly by 
microorganisms and are used “originally” for the treatment 
and or prevention of bacterial infections (Bouki et al., 2013; 

Ashbolt et al., 2013; Ding and He, 2010). Structurally they 
are classified into groups such as aminoglycosides, 
tetracyclines, β-lactams, sulfonamides. They have different 
modes of attacking bacteria but are mostly classified as 
being able to terminate (bactericidal) or slow the growth 
(bacteriostatic) of the target bacterial population provided 
they are optimally dosed (Roose-Amsaleg and Laverman, 
2016). They can be attained from natural or unnatural 
sources. Apart from their use in the treatment of infections, 
antibiotics have been hugely integrated into livestock 
farming, example swine (Sus scrofa) production since the 
early 1950s (Cromwell, 2001) and as fodder additives and 
growth promoters (Cromwell, 2001; Bouki et al. 2013; 
Aminov, 2009). Although still practiced in most countries 
including the United States, the use of antibiotic as agents 
of development in animals has been discouraged by 
various international bodies including the European Union 
(Como et al., 2014). 
Figure 1. Diagram showing the timeline for antibiotics 
discovery 
 
Antibiotic Resistance 
 
How antibiotics encode resistance mechanisms differ from 
one to the other. It is dependent on the modes of action, 
structures, and biochemical properties. Naturally some 
bacteria are resistant to certain types of antibiotics. When 
germs like bacteria and fungi are not killed by the drugs 
designed to kill them and continue to grow, antibiotic 
resistance is said to have occurred. Antibiotic resistance 
most commonly evolves in bacteria either through mutation 
of a target-site protein, through the acquisition of an 
antibiotic-resistance gene (ARG) that confers resistance 
through efflux or inactivation  of  the  antibiotic,  or  through  
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synthesis of a new target protein that is insensitive to the 
antibiotic (Emerald.tufts.edu, n.d.; Davies et al., 2010). 
Antibiotic resistances have been on a consistent increase 
and pose a great treat to the world as a whole. Reportedly, 
the increase in resistance is compounded by wrong use 
and improper disposal of antibiotics and antibiotic-
containing wastes in the environment originating from 
human activity (Auerbach et al., 2007; Martinez, 2009; 
Pruden et al., 2012). Against mild coughs and the common 
cold antibiotics are typically ineffective hence adds to the 
growing global resistance to antibiotics (CDDEP, 2015). 
Contributing to the increase of ARG’s in the environment is 
the global rise in population which has resulted in the 
intensification antibiotics use in the agri-food system such 
as food animals, crops and fruits. A typical example is 
avoparcin, a glycopeptide related to the human last line 
drug Vancomycin, is used in Australia as a growth 
promotion in pigs, chickens and feedlot cattle. (Abc.net.au, 
n.d.). This increase in usage also drives up antibiotic 
resistance. The prevalence of sepsis from 621,000 to 
1,141,000 and number of deceased patients from 154,000 
to 207,000 between the years 2000 and 2008 is another 
indication that global antibiotic resistance is on the rise 
(The Economist, 2016).  
 
Antibiotic Resistance Genes (ARG’s) 
 
ARG’s are internal or external segments of a DNA that 
encode enzymes and other proteins which moderate the 
opposition of antibiotics by bacteria. Roose-Amsaleg & 
Laverman (2016) summarized antibiotic resistance 
mechanisms in three categories: 1. Efflux of antibiotics; 2. 
Destruction of the active ingredient of the antibiotic and 3. 
Modification of the target structure via cell reprogramming. 
Genetically, antibiotic resistance spreads through bacteria 
populations both "vertically," and "horizontally," through 
conjugation; through viruses (Emerald.tufts.edu, n.d; 
Grenni et al., 2018; Aminov and Mackie, 2007; Baquero et 
al., 2008; Frost et al., 2005; Marti et al., 2014), bacteria 
locomotion, air, water and wind. Horizontal gene transfer 
can      also   occur   between   different   bacterial  species 
(Emerald.tufts.edu, n.d.) and horizontal gene transfer by 
conjugation is common in nature, or in technical systems, 
where the density of bacteria is high (Kalmbach et al., 1997 
and Schwartz et al., 1998). Resistance can occur naturally, 
example Aeromona hydrophila is naturally resistant to 
ampicillin (Korzeniewska and Harnisz, 2012) and although 
resistance is widespread, not all bacteria are resistant to 
antibiotics. Additionally, resistance can be acquired from 
other resistant genes; it could also be as a result of 
aggregation of factors such as phenotypic responses 
(Como et al., 2014).  
 
Sources of antibiotics in the environment 
 
The use of antibiotics is increasing rapidly for initial  

 
 
 
 
treatment and as drugs of last resort in humans. Antibiotics 
use is the basic and major avenue of antibiotics in the 
environment. Various researches have shown after been 
taken as medication, most antibiotics are unused and 
released back into the environment as faeces and urine 
(Daghrir and Drogui 2013, Chee-Sanford et al., 2009 and 
Pruden et al., 2006). Research has shown high earning 
countries use more antibiotics per capita than middle and 
low income earning ones and even with proper use 
antibiotics still find their way into the environment. Crop 
fields are often fertilized by animal fertilizer prompting 
direct contamination of the environment and antibiotic 
buildup, Urban wastewater has been shown to contain 
antibiotic residues and antimicrobials can also be 
contributed to the environment via land application of 
municipal biosolids (Kumar et. al. 2005) or the direct use of 
wastewater irrigation (Shi et. al. 2013). Not all antibiotics 
break down upon entering the environment; some persist 
and have been found in the soils and rivers (Michael et al. 
2013). The process and site for antibiotics production is 
also a factor contributing to the release of antibiotics into 
the environment. Residue from production sites can reach 
extreme high concentrations.  
 
Sources of antibiotics and ARGS in Agri-food 
 
Antibiotic resistance in food can be from either point source 
or non point source. Point sources are pollutions with a 
solitary distinguishable source (Armon and Starosvetsky, 
2015) such as injection and feeding, non point source on 
the other hand refers to pollutions without a distinct source 
such as land runoff and septic tank seepage that disperse 
over wide areas. The exponential growth in population and 
prosperity pushes an increasing demand for food and to 
satisfy this need, farmers are transitioning to intensive 
agriculture and often use antibiotics to optimize production. 
 
Antibiotics in meat 
 
Antibiotics have been an integral part of food animal 
management for as long as they have been readily 
available to farmers. Antibiotics are used regularly in the 
livestock industry as growth promoters, for disease 
prevention, or as part of therapeutic treatment (Apley, 
2012). Apart from being used as a prevention for diseases 
and prevention of infections, antibiotics are used as growth 
promoters and this has generated a lot of intense 
discussions regarding the high-use application of 
antibiotics. Worldwide consumption of antibiotics in 2010 
by livestock according was at least 63,200 tons (Van 
Boeckel et al., 2015); this is bound to be same or more 
than all human utilization around the same time. A 
projection of 25,446 kg and 131,862 kg of antibiotics 
lincomycin and oxytetracycline are used by the swine 
industry in the United States of America per year (Apley, 
2012), these alarming figures   shed   more   light   on  how  



 
 
 
 
antibiotics and the meat industry are intertwined. Research 
has shown that not only is about 95 percent of antibiotics 
used by both humans and animals are excreted in an 
unaltered state. (Pruden et al., 2006) There are multiple 
microorganisms in the intestines of animals (Ferrer et al. 
2017), which are likely to grow resistant to antibiotics when 
they are introduced frequently (Zhu et al., 2013) most of 
which can be transmitted between animals and humans 
(Aminov, 2009; Bouki et al., 2013; Liu et al., 2016; Witte, 
2000; Mena et al., 2008; Diarrassouba et al., 2007). A 
2013 study by Spoor et al showed that a bovine strain 
called CC97 had made two separate leaps to humans. 
There may be a lot more cross-species transmission than 
we anticipated. 
 
Antibiotics in fish 
 
Compared to the need for any other animal produce 
aquaculture produce is increasing faster (Fao.org, 2003). 
In 2010 State of World Fisheries and Aquaculture, the FAO 
said Aquaculture and fisheries was evaluated to have 
provided the world with around 110 million metric tons of 
food fish (FAO, State of World Fisheries and Aquaculture 
2010). To meet this need the sector has turned to drastic 
methods which in turn has made antibiotics use in the 
sector a norm (Defoirdt et al., 2011) in spite of not having 
accurate information on dosage and use. The doses of 
antibiotics used in aquaculture cannot easily be known 
owing to the fact there are differences in how countries 
distribute and collate such information. Primarily antibiotics 
are used in aquaculture to nurse and or fend off diseases 
and the mode of application is either by direct injection or 
feed, they can also get into aquaculture systems by 
agriculture runoff. Treating a whole populace of fish 
regardless of whether just a couple is sick  is  a   routine  in 
aquaculture (Towers, 2014). With the explosive demand for 
farmed seafood the use of antibiotics in the fish industry is 
one that is still in its early stages. A study of fishes from 11 
countries found residues of five antibiotics, some of which 
are also used to treat human diseases including residues 
of a kind of tetracycline (Oaklander, 2014). Fishes like 
animals do not make use of all antibiotics fed to it and 
excretes about 75 percent (Burridge et al., 2010) into its 
environment causing a possibility of leakage into ground 
water.  
 
Antibiotic in plants 
 
The use of antibiotics as growth promoters in animals 
(Como et al., 2014) and waste from intensive animal 
farming (Li et al., 2013; Martínez-Carballo et al., 2007; 
Motoyama et al., 2011) is a major source of antibiotics in 
the soil. In a 2002 paper Hamscher et. al. found soil 
remedied with liquid manure to have as high as 198.7 
µg/kg tetracycline, further supporting the notion that 
antibiotics have the ability to retain in the environment.  
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Residual antibiotics in animals can create the avenue of 
ARGs to develop in the gastrointestinal tract and 
subsequently in the environment upon land application of 
manure (Chee-Sanford et al., 2009 and Heuer et al., 2011). 
The increasing use of recycled waste water for irrigation 
(Toze, 2006), together with close to 50 percent of biosolids 
been used as nutrients in fields (Kinney et. al. 2006) show 
how easy it is for planting fields and crops to be introduced 
to antibiotics and residual antibiotics. Also plants get 
introduced to antibiotics when they are spayed onto or 
injected into them, examples are the use of Oxytetracycline 
on peach, nectarine, pear and apple (McManus and 
Stockwell 2000) and the injecting of tetracyclines into the 
trunks of palm and elm (Agrios 1997). Furthermore, it is 
well researched that antibiotics and antibiotic resistant 
genes are used in genetic modification of plants and seeds 
as marker genes for the selection of transformed plant 
cells, a topic that has given rise to many concerns on if 
such practices lessen the treatment ability of antibiotics. 
The possible effects of reduction in the effectiveness of 
antibiotics have been the subject of many scientific and 
opinions papers, examples are Ramessar et al., (2007) 
and EFSA, (2009). The European Food Safety Authority 
(EFSA) issued opinions in 2004 and 2009 on using 
antibiotic resistance genes as marker genes in genetically 
modified plants saying a careful approach to the use of 
Antibiotic Resistance Marker Genes in GM plants should 
be looked into (EFSA. 2004, EFSA. 2009).  
 
Pathways of antibiotics and ARG's in food  
 
Pathway refers to how an antibiotics move from the source 
and enters into the   agri-food   environment.  Detection   of 
antibiotics in the environment has been well documented 
over the years by researchers. Antibiotics get into the agri-
food environment through diverse pathways. A major 
pathway is the agricultural pathway where antibiotics used 
as part of farm management practices end up in food. 
Practices including feeding, nursing and or treating 
livestock with antibiotics, the use of liquid and solid waste 
as manure and the use of waste water for irrigation have all 
been researched to contribute majorly to how antibiotics 
get into the agri-food environment. Hamscher et al., (2002) 
found soil amended with liquid manure to have excessive 
amounts of  tetracycline  as high as 198.7 µg/kg 
tetracycline. The agricultural pathway also includes 
agricultural run offs, leakage in agricultural lagoons. 
Accumulation of antibiotics in agricultural wastewater, 
specifically in lagoon holding basins has been reported in 
concentrations at the mg/L level (Campagnolo et al., 2002, 
Zilles et al., 2005 and Bartelt-Hunt et al., 2011). Ionophore 
antibiotics have been detected in areas of Colorado 
representing pristine, urban, and agricultural environments. 
Ionophores are not approved for use in humans, thus 
highlighting the widespread contribution of the agricultural 
pathway (Kim et. al. 2006). 
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                                     Figure 2. Various Sources of Antibiotics and ARGs in Agri

 
 
 
The anthropogenic pathway includes all human activities 

that result in the release of antibiotics and ARGs into the 
agri food eco system. These include poor handling of food 
and the improper disposal and use of antibiotics .Improper 
disposal is a prevalent way of how antibiotics end up in the 
agri food system. They end up in the soil or waste water 
which is primarily the need of agriculture. Verlicchi’s paper 
of 2012 reported on a number of antibiotic compounds 
detected in wastewater treatment throughout the waste 
treatment process. In 2010 alone, 258 million courses were 
prescribed in the US at a frequency of 833 prescriptions 
per 1000 persons (Hicks et. al. 2013). 
 
The industrial pathway  
 
The process of making antibiotics also contri
antibiotics in the agri-food ecosystem. The transport, 
disposal and treatment of waste emanating from such 
facilities can be made up of high concentrations of 
antibiotic residue (Kümmerer et al., 2000; Karthikeyan and 
Meyer, 2006). Several researches have touted industries 
as a source of antibiotic contamination of waterbodies and 
undergrounds waters. In Patancheru India Fick et al., 
reported ground water contaminations in low quantities 
(Fick et al., 2009). Likewise Larsson et al., identified a 
wastewater plant was offloading about 45 kg (99 lbs.) of 
antibiotics received from industries into rivers close by 
each day (Larsson et al. 2007). Even when treated, 
concentrations exceeding 1 mg/L have been detected in 
treated industrial effluents or recipient waters (Larsson et 
al., 2007 and Sim et al., 2011). 

Various Sources of Antibiotics and ARGs in Agri-food 
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Fate and implications of antibiotics and ARG's
 
The greatest concern about antibiotics in the agri
environment is their potential role in promoting resistance 
development in human and animal pathogens. Once in the 
environment antibiotics persist (Baquero et al., 2008; 
Berendonk et al., 2015; Vittecoq et al., 2016) and pose a 
detrimental treat to people and animals (Ashbolt et al., 
2013). Treatment failure, prolonged illnesses, increased 
death rates and high monetary expenses to society are all 
implications of antibiotics and ARG’s (Friedman et al., 
2016). The therapeutic properties of antibiotics are a great 
resource to the world and one that should be kept pristine. 
Without global action, the implied economic cost of drug
resistant infections would be at least USD 100 trillion and 
could cut the annual world’s GDP by 2 
(Kolb, 2017). Agriculture uses lakes ponds and ground
water for animals and irrigation purposes. Humans likewise 
drink from streams and underground water sources. Both 
surface water (Murata et al., 2011; Ding et al., 2017) and 
underground water sources (Avisar et al., 2009; Yao et al. 
2017; Araujo et al. 2017) have been identified in most 
areas to be contaminated by antibiotics and antibiotic 
resistant genes. Recent findings in the US and Germany 
found in excess 15 different types of antibiotics in streams 
receiving urban and industrial wastewaters and or run
from agricultural practices (Ternes et al., 2002; Kolpin et 
al., 2002). In the   event   when   
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Table 1. Timeline for various antibiotic resistant genes 

 

 
 
 
irrigation antibiotics are introduced to fruits and 
crops and further transferred into humans and 
animals when they feed on such fruits and crops. 
A safer approach will be to use treated water. 
Meanwhile Verlicchi et al. (2012) found antibiotic 
compounds in wastewater treatment throughout 

the waste treatment process implying a 
possibility that some antibiotics may survive the 
treatment and make it to various homes and 
agricultural sites. Animals exposed to antibiotics 
develop resistant genes to antibiotics over time, 
the resistant bacteria subsequently proliferate 

the animal Resistant genes are carried on to 
others animals as the animals interact, further 
colonizing             the               animal      thriving     
well in  the  intestines and muscles

Antibiotic Class Example Class 
Discovered 

Resistance 
Identified 

Mechanism of Action Notes Reference 

Penicillins Penicillin 
Cephalosporin 
Carbapenem 
monobactam 

1928 1940 Inhibit cell wall 
synthesis 

First antibiotic, discovered by 
Alexander Fleming. 

Abraham et al., 1940 

Aminoglycosides Gentamicin 
Amikacin 
Tobramycin 
Netilmicin 
streptomycin 

1943 1946 Inhibit protein synthesis Streptomycin was the subject of the 
first ever randomized medical trial, 
run by the MRC. 

Encyclopedia Britannica 
Online, 2018 

 

 

Cephalosporins Cefalexin 1945 1956 Inhibit cell wall 
synthesis 

Most cephalosporins are excreted 
primarily in urine, so their doses 
must be adjusted in patients with 
renal insufficiency. 

Werth, 2018 
 

 

Tetracyclines and 
Glycylcyclines 

Tetracycline 
Tigecycline 
Doxycycline 
Minocycline 

1948 1953 Inhibit protein synthesis Human cells do not allow 
tetracycline’s to be transported 
hence are spared the effects of 
tetracycline on protein synthesis 

Encyclopedia Britannica 
Online., 2018 

 

Macrolides Azithromycin 
Telithromycin 
Erythromycin 
clarithromycin 

1948 1956 Inhibit protein synthesis Macrolides are not to be used on 
non-ruminant herbivores, such 
rabbits. They rapidly produce a 
reaction causing fatal digestive 
disturbance. 

Giguere et al., 2006 

 

Fluoroquinolone Ciprofloxacin 
Norfloxacin 
Levofloxacin 
moxifloxacin 

1978 1985 Inhibit DNA gyrase In 2018, the U.S. FDA stated 
Concerns regarding low blood 
sugar and mental health problems 

U.S FDA, 2018 

Glycopeptides Vancomycin 
Teichoplanin 
Telavancin 

1953 1986 Inhibit cell wall 
synthesis 

Glycans on cell surface attached to 
membrane proteins and those 
bound to proteins play a critical role 
in inflammation 

Maverakis et al., 2015 
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(www1.udel.edu, n.d.). Using such animals for food by 
other animals or humans makes them susceptible to a host 
of diseases with the potential of lives been lost. Sepsis 
majorly is due to antibiotic resistant bacteria (Antibiotic 
Research UK, n.d.)and is responsible for one out of five 
deaths in newborns in India, Pakistan, Afghanistan, Nepal, 
Bangladesh (Bhutta Z. n.d), accounts for more deaths than 
lung cancer (35,000) and bowel cancer (16,000) (Antibiotic 
Research UK, n.d.). Antibiotic resistant bacteria each year 
cause more than 23,000 deaths in the USA, 38,000 deaths 
in Thailand, and over 25,000 deaths in the European Union 
(Phumart et al. 2012, CDC 2013 and ECDC/EMEA 2009). 
Studies from Tanzania and Mozambique indicate that 
resistant infections result in increased mortality in neonates 
and children under five (Kayange et al. 2010; Roca et al. 
2008). The W.H.O and the Infectious Disease Society of 
America (IDSA) in their report stated older antibiotics are 
fast becoming less effective as a result of antibiotic 
resistance and some bacteria already been resistant to all 
available antibiotics (WHO 2018 and Boucher 2013). 
According to the W.H.O fifty-one new therapeutic entities 
antibiotics (including combinations), are in phase 1-3 
clinical trials as of May 2017 (WHO, 2017), but the bigger 
question is how long are they going to hold their 
therapeutic properties. 
 
 
CONCLUSION AND SUGGESTIONS 
 
Antibiotics though useful, when accumulated in the 
environment gives rise to ARG’s and have detrimental 
effects. Researches indicate antibiotics accumulate in Agri 
foods which are later consumed by humans and animals 
and these have serious social and health implications. 
Antibiotics use cannot be stopped outright. However, 
strategies such as reducing the need for antibiotics through 
improved water, sanitation, and immunization; 
Pharmaceutical companies directing their effort and 
funding equally to antibiotics as to chronic illnesses; 
regulating practices which introduce sub-optimal 
concentrations of antibiotics in various agricultural and 
environmental systems; researching into vaccine 
developments to lessen farmers dependency on antibiotics 
and lastly, giving more education on the uses dosage and 
administration of antibiotics will go a long way to help 
curtail the situation.  
 
Conflict of interest 
 
The authors of this work solely declared no conflict of 
interest. 
 
 
 
 
 

 
 
 
 
REFERENCES 
 
Abc.net.au. (n.d.) (2018). Antibiotics use in agriculture. [online] Available 

at: http://www.abc.net.au/science/slab/antibiotics/agriculture.htm 
[Accessed 18 Dec. 2018]. 

Agrios GN (1997). Plant Pathology, 4th Edition. Academic Press, San 
Diego. 

Aminov RI (2009). The role of antibiotics and antibiotic resistance in 
nature. Environ. Microbiol. 11:2970–2988 

Aminov RI (2010). A Brief History of the Antibiotic Era: Lessons Learned 
and Challenges for the Future. [online] Front Microbiol. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109405/ [Accessed 24 
Nov. 2018]. 

Aminov RI, Mackie RI (2007). Evolution and ecology of antibiotic 
resistance genes. FEMS Microbiol. Lett. 271, 147–161. 
doi:10.1111/j.1574-6968.2007.00757.x 

Antibiotic Research UK. (n.d.). Antibiotic Research UK - The problem 
explained. [online] Available at: 
https://www.antibioticresearch.org.uk/about-antibiotic-resistance/ 
[Accessed 29 Dec. 2018].  

Apley MD, Bush EJ, Morrison RB, Singer RS, Snelson H (2012). Use 
Estimates of In-Feed Antimicrobials in Swine Production in the United 
States. Foodborne Pathogens and Disease. 9, (3), 272-279. 

Araujo SI, ATS, Tacao M, Patinha C, Alves A, Henriques I (2017). 
Characterization of antibiotic resistant and pathogenic Escherichia coli 
in irrigation water and vegetables in household farms. Int J Food 
Microbiol. 257, 192-200. 

Armon RH, Starosvetsky J (2015). Point source pollution indicators. In: 
Armon, RH and Hänninen, O (eds) Environmental Indicators. New York 
City, NY, USA: Springer, pp. 495–499. 

Ashbolt NJ, Amezquita A, Backhaus T, Borriello P, Brandt KK, Collignon 
P, Coors A, Finley R, Gaze WH, Heberer T, Lawrence JR, Larsson DG, 
Mcewen SA, Ryan JJ, Schonfeld J, Silley P, Snape JR, Van Den Eede 
C, Topp E (2013). Human Health Risk Assessment (HHRA) for 
environmental development and transfer of antibiotic resistance. 
Environmental Health Perspectives. 121: 993–1001.  

Auerbach EA, Seyfried EE, McMahon KD (2007). Tetracycline resistance 
genes in activated sludge wastewater treatment plants. Water Res. 
41,1143–1151. doi:10.1016/j.watres.2006.11.045 

Avisar D, Lester Y, Ronen D (2009). Sulfamethoxazole contamination of a 
deep phreatic aquifer. Sci Total Environ 407(14), 4278-4282. 

Baquero F, Martinez JL, Canton R (2008). Antibiotics and antibiotic 
resistance in water environments. Current Opinion in Biotechnology19: 
260–265. 

Bartelt-Hunt S, Snow DD, Damon-Powell T, Miesbach D (2011). 
Occurrence of steroid hormones and antibiotics in shallow groundwater 
impacted by livestock waste control facilities. Journal of Contaminant 
Hydrology. 123, (3-4), 94-103. 

Bhutta Z (nd). Presentation at the Global Need for Effective Antibiotics - 
Moving towards Concerted Action. 
http://www.reactgroup.org/uploads/publications/presentations/ opening-
session-zulfiqar-bhutta.pdf 

Boucher HW, Talbot GH, Benjamin DK, Bradley J, Guidos RJ, Jones RN, 
Murray BE, Bonomo RA, Gilbert D  (2013). "10 x '20 Progress--
Development of New Drugs Active Against Gram-Negative Bacilli: An 
Update From the Infectious Diseases Society of America". Clinical 
Infectious Diseases. 56 (12): 1685–1694. doi:10.1093/cid/cit152. ISSN 
1058-4838. PMC 3707426. Retrieved 6 September 2018. 

Bouki C, Venieri D, Diamadopoulos E (2013). Detection and fate of 
antibiotic resistant bacteria in wastewater treatment plants: A review. 
Ecotoxicol. Environ. Saf. 91, 1–9. doi:10.1016/j.ecoenv.2013.01.016 

Burridge L (2010). „Chemical use in salmon aquaculture: A review of 
current practices and possible environmental effects“. In: Aquaculture. 
Elsevier B.V. 306 (14), pp. 7-23.  

 
 
 
 
 
 



 
 
 
 
Campagnolo ER, Johnson KR, Karpati A, Rubin CS, Kolpin DW, Meyer 

MT, Esteban JE, Currier RW, Smith K, Thu KM, McGeehin M (2002). 
Antimicrobial residues in animal waste and water resources proximal to 
large-scale swine and poultry feeding operations. Science of the Total 
Environment. 299, (1-3), 89-95. 

Centers for Disease Control and Prevention (2018). What Exactly is 
Antibiotic Resistance?. [online] Available at: 
https://www.cdc.gov/drugresistance/about.html [Accessed 23 Nov. 
2018]. 

Centers for Disease Dynamics, Economics & Policy (2015).  State of the 
World’s Antibiotics. CDDEP: Washington, D.C. 

Chee-Sanford JC, Mackie RI, Koike S, Krapac IG, Lin YF, Yannarell AC, 
Maxwell S, Aminov RI(2009). J Environ Qual. 38(3):1086-108. doi: 
10.2134/jeq2008.0128.  

Como G, Coci M, Giardina M, Plechuk S, Campanile F, Stefani S (2014). 
Antibiotics promote aggregation within aquatic bacterial communities. 
Front. Microbiol. 5, 1–9. doi:10.3389/fmicb.2014.00297. 

Cromwell GL (2001). Antimicrobial and pro microbial agents. p. 401–426. 
A. Lewis and L. Southern (ed.) Swine nutrition. 2nd ed. CRC Press, 
Boca Raton, FL. Antimicrobial and pro microbial agents. p. 401–426. In 
A. Lewis and L. Southern (ed.) Swine nutrition. 2nd ed. CRC Press, 
Boca Raton, FL. 2001. 

Daghrir R, Drogui P (2013). Tetracycline Antibiotics in the Environment: a 
Review. Environmental Chemistry Letters, 11(3):209–227.  

Davies J, Davies D (2010). Origins and evolution of antibiotic resistance. 
Microbiol. Mol. Biol. Rev. 74: 417–33 

Defoirdt T, Sorgeloos P, Bossier P (2011). Alternatives to antibiotics for 
the control of bacterial disease in aquaculture In: Current opinion in 
microbiology. 14 (3), pp. 251-8. 

Diarrassouba F, Diarra MS, Bach S, Delaquis P, Pritchard J, Topp E 
(2007). Antibiotic resistance and virulence genes in commensal 
Escherichia coli and Salmonella isolates from commercial broiler 
chicken farms. J Food Prot. 70:1316–27 

Ding C. He J. (2010). Effect of antibiotics in the environment on microbial 
populations. Applied Microbiology & Biotechnology, 87, 925-941. 
http://dx.doi.org/10.1007/s00253-010-2649-5 

Ding H, Wu Y, Zhang W, Zhong J, Lou Q, Yang P, Fang Y (2017). 
Occurrence, distribution, and risk assessment of antibiotics in the 
surface water of Poyang Lake, the largest freshwater lake in China. 
Chemosphere 184, 137-147. 

ECDC/EMEA (2009). Technical Report. The bacterial challenge: time to 
react. 
http://www.ecdc.europa.eu/en/publications/Publications/0909_TER_Th
e_Bacterial_Challenge_Time_to_React.pdf 

EFSA (2004). Opinion of the Scientific Panel on Genetically Modified 
Organisms on the use of antibiotic resistance genes as marker genes 
in genetically modified plants. EFSA Journal. 48: 1–18. 

EFSA (2009). Consolidated presentation of the joint Scientific Opinion of 
the GMO and BIOHAZ Panels on the “Use of Antibiotic Resistance 
Genes as Marker Genes in Genetically Modified Plants” and the 
Scientific Opinion of the GMO Panel on “Consequences of the Opinion 
on the Use of Antibiotic Resistance Genes as Marker Genes in 
Genetically Modified Plants on Previous EFSA Assessments of 
Individual GM Plants.” EFSA Journal. 1108: 1–8.  

Emerald.tufts.edu. (n.d.). General Background: About Antibiotic 
Resistance. [online] Available at: 
http://emerald.tufts.edu/med/apua/about_issue/about_antibioticres.sht
ml [Accessed 19 Dec. 2018]. 

Encyclopedia Britannica. (n.d.). Tetracycline | antibiotic group. [online] 
Available at: https://www.britannica.com/science/tetracycline [Accessed 
5 Jan. 2019].  

FAO, Fisheries and Aquaculture Department Food and Agriculture 
Organization of The United Nations (2010). The State of World 
Fisheries and Aquaculture.  

Fao.org. (2003). Agriculture, Food and Water Table of Contents. [online] 
Available at: http://www.fao.org/docrep/006/Y4683E/y4683e00.htm#P-
1_0 [Accessed 6 Jan. 2019]. 

Ferrer M, Mendez-Garcia C, Rojo D, Barbas C, Moya A (2017). Antibiotic 
use and microbiome function. Biochem Pharmacol 134, 114-126. 

 

Danso et al. 047 
 
 
 
Fick J, Söderström H, Lindberg RH, Chau DNP, Tysklind M, Larsson DGJ 

(2009). Contamination of surface, ground, and drinking water from 
pharmaceutical production. Environ Toxicol Chem. 2009;28:2522–7.  

Friedman ND, Temkin E, Carmeli Y (2016). The negative impact of 
antibiotic resistance. Clinical Microbiology and Infection 22: 416–422.  

Frost LS, Leplae R, Summers AO, Toussaint A (2005). Mobile genetic 
elements: the agents of open source evolution. Nat.Rev.Microbiol. 3, 
722–732. doi:10.1038/nrmicro1235 

Giguere S, Prescott JF, Baggot JD, Walker RD, Dowling PM (2006). 
Antimicrobial Therapy in Veterinary Medicine (4th ed.). Wiley-Blackwell. 
ISBN 978-0-8138-0656-3. 

Grenni P, Ancona V, Barra Caracciolo A (2018). Ecological effects of 
antibiotics on natural ecosystems: A review. Microchemical Journal 
136, 25-39. 

Hamscher G, Sczesny S, Hoper H, Nau H (2002). Determination of 
persistent tetracycline residues in soil fertilized with liquid manure by 
high-performance liquid chromatography with electrospray ionization 
tandem mass spectrometry. Analytical Chemistry. 74, (7), 1509-1518. 

Heuer H, Schmitt H, Smalla K (2011). Antibiotic resistance gene spread 
due to manure application on agricultural fields. Curr. Opin. Microbiol. 
2011, 14 (3), 236−243. 

Hicks LA, Taylor TH, Hunkler RJ (2010). U.S. Outpatient Antibiotic 
Prescribing. New England Journal of Medicine 2013, 368, (15), 1461-
1462. 

Kalmbach S. Manz W. Szewzyk U (1997) Dynamics of biofilm formation in 
drinking water: phylogenetic affiliation and metabolic potential of single 
cells assessed by formazan reduction and in situ hybridization. FEMS 
Microb. Ecol. 22, 265–279. 

Karthikeyan KG, Meyer MT (2006). Occurrence of antibiotics in 
wastewater treatment facilities in Wisconsin, USA. Sci. Total Environ. 
361, (1-3), 196-207. 

Kayange N, Kamugisha E, Mwizamholya DL, Jeremiah S, Mshana SE 
(2010). Predictors of Positive Blood Culture and Deaths Among 
Neonates with Suspected Neonatal Sepsis in a Tertiary Hospital, 
Mwanza-Tanzania. BMC Pediatrics, 10(1):39. 
http://doi.org/10.1186/14712431-10-39 

Kim SC, Carlson K (2006). Occurrence of ionophore antibiotics in water 
and sediments of a mixed-landscape watershed. Water Research 
2006, 40, (13), 2549-2560. 

Kinney CA, Furlong ET, Zaugg SD, Burkhardt MR, Werner SL, Cahill JD, 
Jorgensen GR (2006). Survey of organic wastewater contaminants in 
biosolids destined for land application. Environmental Science & 
Technology. 40, (23), 72077215. 

Kolb P (2017). Robotics, Security & Safety: The Rise of Antibiotic 
Resistance. [online] Credit Suisse. Available at: https://www.credit-
suisse.com/ch/en/articles/asset-management/thematic-insights-
robotics-security-safety-ch-201703.html#01 [Accessed 19 Dec. 2018]. 

Kolpin DW, Furlong ET, Meyer MT, Thurman EM, Zaugg SD, Barber LB, 
Buxton HT (2002). Pharmaceuticals, hormones, and other organic 
wastewater contaminants in US streams, 1999–2000: a national 
reconnaissance. Environmental Science and Technology. 36 pp. 1202-
1211 

Korzeniewska E, Harnisz M (2012). Culture-Dependent and Culture-
Independent Methods in Evaluation of Emission of Enterobacteriaceae 
from Sewage to the Air and Surface Water. Water, Air, & Soil Pollution, 
223(7), pp.4039-4046. 

Kumar K, Gupta SC, Baidoo SK, Chander Y, Rosen CJ (2005). Antibiotic 
uptake by plants from soil fertilized with animal manure. Journal of 
Environmental Quality. 34, (6), 2082-2085. 

Kümmerer K, Al-Ahmad A (2000). Biodegradability of some antibiotics, 
elimination of the genotoxicity and affection of wastewater bacteria in a 
simple test. Chemosphere 40 (7), 701–710 

Larsson DGJ, de Pedro C, Paxeus N (2007). Effluent from drug 
manufactures contains extremely high levels of pharmaceuticals . J 
Hazard Mater.148:751–5. 

Li YX, Zhang XL, Li W, Lu XF, Liu B (2013). The residues and 
environmental risks of multiple veterinary antibiotics in animal faeces. 
Environ Monit Assess 185: 2211–2220. 

 
 



048. Glo. Adv. Res. J. Agric. Sci. 
 
 
 
Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, Doi Y, Tian G, 

Dong B, Huang X, Yu LF, Gu D, Ren H, Chen X, Lv L, He D, Zhou H, 
Liang Z, Liu JH, Shen J (2016). Emergence of plasmid-mediated 
colistin resistance mechanism MCR-1 in animals and human beings in 
China: A microbiological and molecular biological study. Lancet Infect. 
Dis. 16, 161–168. doi:10.1016/S14733099(15)00424-7 

Marti E, Variatza E, Balcazar JL (2014). The role of aquatic ecosystems 
as reservoirs of antibiotic resistance. Trends Microbiol. 22, 36–41. 
doi:10.1016/j.tim.2013.11.001 

Martinez JL (2009). The role of natural environments in the evolution of 
resistance traits in pathogenic bacteria. Proc. Biol. Sci. 276, 2521–30. 
doi:10.1098/rspb.2009.0320 

Martínez-Carballo E, González-Barreiro C, Scharf S, Gans O (2007) 
Environmental monitoring study of selected veterinary antibiotics in 
animal manure and soils in Austria. Environ Pollut 148: 570–579. 

Maverakis E, Kim K, Shimoda M, Gershwin M, Patel F, Wilken R, 
Raychaudhuri S, Ruhaak LR, Lebrilla CB (2015). "Glycans in the 
immune system and The Altered Glycan Theory of Autoimmunity". J 
Autoimmun. 57 (6): 1–13. doi:10.1016/j.jaut.2014.12.002. PMC 
4340844. PMID 25578468. 

McManus P, Stockwell V (2000). Antibiotics for Plant Diseases Control: 
Silver Bullets or Rusty Sabers. APSnet Features. Online. doi: 
10.1094/APSnetFeature-2000-0600  

Mena C, Rodrigues D, Silva J, Gibbs P, Teixeira P (2008). Occurrence, 
identification, and characterization of Campylobacter species isolated 
from Portuguese poultry samples collected from retail establishments. 
Poult Sci. 87:187–90 

Michael I, Rizzo L, McArdell CS, Manaia CM, Merlin C, Schwartz T 
(2013). Urban wastewater treatment plants as hotspots for the release 
of antibiotics in the environment: a review. Water Res. 47, 957–995 
10.1016/j.watres.2012.11.027 

Motoyama M, Nakagawa S, Tanoue R, Sato Y, Nomiyama K (2011). 
Residues of pharmaceutical products in recycled organic manure 
produced from sewage sludge and solid waste from livestock and 
relationship to their fermentation level. Chemosphere 84: 432–438. 

Murata A, Takada H, Mutoh K, Hosoda H, Harada A, Nakada N (2011). 
Nationwide monitoring of selected antibiotics: Distribution and sources 
of sulfonamides, trimethoprim, and macrolides in Japanese rivers. Sci 
Total Environ 409(24), 5305-5312. 

OAKLANDER M (2014). http://time.com. [online] Time. Available at: 
http://time.com/3531828/antibiotics-fish-seafood/ [Accessed 15 Dec. 
2018]. 

Phumart P, Phodha T (2012). Health and Economic Impacts of 
Antimicrobial Resistant Infections in Thailand: A Preliminary Study. J. 
Health Syst Res. 6(3).  

Pruden A, Arabi M, Storteboom HN (2012). Correlation between upstream 
human activities and riverine antibiotic resistance genes. Environ. Sci. 
Technol. 46, 11541–11549. doi:10.1021/es302657r 

Pruden A, Pei R, Storteboom H, Carlson KH (2006). Antibiotic resistance 
genes as emerging contaminants: Studies in northern Colorado. 
Environ. Sci. Technol. 40, 7445–7450. doi:10.1021/es060413l 

Ramessar K, Peremarti A, Gomez-Galera S, Naqvi S, Moralejo M, Munoz 
P, Capell T, Christou P (2007). Biosafety and risk assessment 
framework for selectable marker genes in transgenic crop plants: a 
case of the science not supporting the politics. Transgenic Res. 16: 
261–280. 

Roca A, Quinto L, Abacassamo F, Morais L, Valles X, Espasa Mateu, 
Sigauque B (2008). Invasive Haemophilus influenzae Disease in 
Children Less than 5 Years of Age in Manhiça, a Rural area of 
Southern Mozambique. Tropical Medicine and International Health, 
13(6):8181–26. 

Roose-Amsaleg C, Laverman AM (2016). Do antibiotics have 
environmental side-effects? Impact of synthetic antibiotics on 
biogeochemical processes. Environ. Sci. Pollut. Res. 23, 4000–4012. 
doi:10.1007/s11356-015-4943-3 

Schwartz T, Hoffmann S, Obst U (1998). Formation and bacterial 
composition of young, natural biofilms obtained from public bank-
filtered drinking water systems. Water Res. 32, 2787–2797 

 
 

 
 
 
 
Shi P, Jia S, Zhang XX, Zhang T, Cheng S, Li A (2013). Metagenomic 

insights into chlorination effects on microbial antibiotic resistance in 
drinking water. Water Res 47(1), 111-120. 

Sim WJ, Lee JW, Lee ES, Shinb SK, Hwang SR, Oh JE (2011). 
Occurrence and distribution of pharmaceuticals in wastewater from 
households, livestock farms, hospitals and pharmaceutical 
manufactures . Chemosphere. 82:179–86.  

Spoor LE, McAdam PR, Weinert LA, Rambaut A, Hasman H, Aarestrup 
FM, Kearns AM, Larsen AR, Skov RL, Fitzgerald JR (2013). Livestock 
origin for a human pandemic clone of community-associated methicillin-
resistant Staphylococcus aureus. MBio. 4(4). pii: e00356-13. 

Ternes TA, Meisenheimer M, McDowell D, Sacher F, Brauch HJ, Gulde 
BH, Preuss G, Wilme U, Seibert NZ (2002). Removal of 
pharmaceuticals during drinking water treatment. Environmental 
Science and Technology. 36 pp 3855-3863 

The Economist (2016): Antibiotic resistance: The grim prospect, in: The 
Economist, May 21st 2016. 

Towers L (2014). Antibiotics in Aquaculture Are They Needed?. [online] 
Thefishsite.com. Available at: https://thefishsite.com/articles/antibiotics-
in-aquaculture-are-they-needed [Accessed 26 Dec. 2018]. 

Toze S (2006). Reuse of effluent water - benefits and risks. Agricultural 
Water Management, 80, (1-3), 147-159. 

United Nations, Department of Economic and Social Affairs, Population 
Division (2015). World Population Prospects: The 2015 Revision, Key 
Findings and Advance Tables. Working Paper No. ESA/P/WP.241 

US Centers for Disease Control and Prevention (2013). Antibiotic 
resistance threats in the United States. 
http://www.cdc.gov/drugresistance/threat-report-2013/pdf/ar-threats-
2013-508.pdf  

Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin S, Robinson TP 
(2015). Global Trends in Antimicrobial Use in Food Animals. 
Proceedings of the National Academy of Sciences, 112(18):5649-54. 
http://doi.org/10.1073/pnas.1503141112. 

Verlicchi P, Al Aukidy M, Zambello E (2012). Occurrence of 
pharmaceutical compounds in urban wastewater: Removal, mass load 
and environmental risk after a secondary treatment-A review. Science 
of the Total Environment. 429, 123-155. 

Vittecoq M, Godreuil S, Prugnolle F, Durand P, Brazier L, Renaud N, 
Arnal A, Aberkane S, Jean-Pierre H, Gauthier-Clerc M (2016). Review: 
antimicrobial resistance in wildlife. Journal of Applied Ecology, 53: 519–
529. 

Werth B (2018). Cephalosporins - Infectious Diseases - MSD Manual 
Professional Edition. [online] MSD Manual Professional Edition. 
Available at: https://www.msdmanuals.com/professional/infectious-
diseases/bacteria-and-antibacterial-drugs/cephalosporins [Accessed 9 
Dec. 2018]. 

Withnall A (2016). The UN just declared the antibiotics crisis is as bad as 
the AIDS crisis. [online] The Independent. Available at: 
http://www.independent.co.uk/news/science/un-signs-groundbreaking-
declaration-to-tackleantibiotics-threat-a7319396.html?cmpid=facebook-
post [Accessed 23 Nov. 2018]. 

Witte W (2000). Selective pressure by antibiotic use in livestock. 
Int.J.Antimicrob.Agents 16 Suppl 1, S19– S24. doi:10.1016/S0924-
8579(00)00301-0 

World Health Organization (WHO) (2014). Antimicrobial resistance: global 
report on surveillance. World Health Organization, Geneva, 
Switzerland. 
http://www.who.int/drugresistance/documents/surveillancereport/en/. 

World Health Organization (WHO) (2017). Antibacterial agents in clinical 
development: an analysis of the antibacterial clinical development 
pipeline, including tuberculosis. World Health Organization, Geneva, 
Switzerland. (WHO/EMP/IAU/2017.12). License: CC BY-NC-SA 3.0 
IGO. 

Www1.udel.edu. (n.d.). Effects of Antibiotics on Animal Feed - 
Presentation. [online] Available at: 
https://www1.udel.edu/chem/C465/senior/fall97/feed/present.html 
[Accessed 29 Dec. 2018]. 

 
 
 



 
 
 
 
Yao L, Wang Y, Tong L, Deng Y, Li Y, Gan Y, Guo W, Dong C, Duan Y, 

Zhao K (2017). Occurrence and risk assessment of antibiotics in 
surface water and groundwater from different depths of aquifers: A 
case study at Jianghan Plain, central China. Ecotoxicol Environ Saf 
135, 236-242. 

Zhu YG, Johnson TA, Su JQ, Qiao M, Guo GX, Stedtfeld RD, Hashsham 
SA, Tiedje JM (2013). Diverse and abundant antibiotic resistance 
genes in Chinese swine farms. Proc Natl Acad Sci U S A 110(9), 3435-
3440 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Danso et al. 049 
 
 
 
Zilles J, Shimada T, Jindal A, Robert M, Raskin L (2005). Presence of 

macrolidelincosamide-streptogramin B and tetracycline antimicrobials 
in swine waste treatment processes and amended soil. Water 
Environment Research. 77, (1), 57-62. 


