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Abstract 
The appearance and diffusion of antibiotic resistance are at the moment seen 
as an inevitable characteristic of bacterial development succeeding the con-
sumption of antibiotics. This spectacular event is completely clarified by the 
link present among the manifestation of resistances and the consumption of 
antibiotics. In terms of mechanisms, the augmenting appearance of antibiot-
ic-resistant bacteria (ARB) has been largely assigned to the selection of resis-
tant variants that pre-exist in sensitive communities. Lately, Merlin [1] pub-
lished an excellent review on the secondary influences of antibiotics at 
sub-inhibitory levels and trace metal elements, which obviously call attention 
to the reality that the antibiotic resistance danger has not to be related to the 
only antibiotic therapy applications, and must to some extent be viewed as a 
multifactorial issue where co-selection and stimulation of horizontal gene 
transfer as well completely applies. This work focuses on the main conclu-
sions of Merlin [1] report. More in-depth epidemiological investigations have 
to let defining the range of these secondary impacts outside the scene of a Pe-
tri dish and may interpret why many antibiotic resistances run away any de-
crease of presence while lowering the corresponding antibiotic consumption. 
In addition, defining thoroughly which antibiotic molecules manifest sec-
ondary influences, and at which levels, would be a supplementary stage to-
ward antibiotic hazard evaluation, whether for therapeutic applications or for 
the impact of antibiotics once liberated in the downstream mediums. 
 

Subject Areas 
Public Health 

How to cite this paper: Ghernaout, D. and 
Elboughdiri, N. (2020) Should We Forbid 
the Consumption of Antibiotics to Stop the 
Spread of Resistances in Nature? Open 
Access Library Journal, 7: e6138. 
https://doi.org/10.4236/oalib.1106138  
 
Received: February 5, 2020 
Accepted: February 18, 2020 
Published: February 21, 2020 
 
Copyright © 2020 by author(s) and Open 
Access Library Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

  
Open Access

https://doi.org/10.4236/oalib.1106138
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1106138
http://creativecommons.org/licenses/by/4.0/


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 2 Open Access Library Journal 
 

Keywords 
Antibiotic-Resistant Bacteria (ARB), Antibiotic Resistant Gene (ARG) 

 

1. Controlling the Consumption of Antibiotics 

The appearance and diffusion of antibiotic resistance are at the moment seen as 
an inevitable characteristic of bacterial development succeeding the consump-
tion of antibiotics [1] [2]. This spectacular event is completely clarified by the 
link present among the manifestation of resistances and the consumption of an-
tibiotics [3] [4] [5]. In terms of mechanisms, the augmenting appearance of an-
tibiotic-resistant bacteria (ARB) [6] [7] has been largely assigned to the selection 
of resistant variants that pre-exist in sensitive communities [8]. These resistant 
bacteria are perhaps surpassing the rest of the microbial communities in a con-
text where antibiotics are administrated at relatively high levels, which implies 
that local concentrations are well-over the Minimum Inhibitory Concentrations 
(MICs). Regardless of the augmenting presence of antibiotic resistance between 
bacteria that has been known decades ago as resulting from antimicrobial drug 
consumption, only lately has the gravity of the situation been regarded by inter-
national, national and local health organizations/agencies. This realization con-
ducted to series of decisions and recommendations aiming to educate and ame-
liorate exercises of health professionals and consumers, with a view to keeping 
the performance of the therapeutic potential [9] [10] [11]. Taking into account 
the link among antibiotic consumption and presence of resistances in bacteria 
[4], most suggestions offered to take action in the public health and veteri-
nary/farming fields via restricting the unsuitable exposure of bacteria to antibio-
tics with a view to decelerate a natural evolution toward resistance and its diffu-
sion in the downstream environment in a One Health context [9] [12]. Restrict-
ing the unsuitable exposure of bacteria to antibiotics tacitly implies 1) decreasing 
the necessity for antibiotics, which can be attained with infection control actions 
that would restrict the epidemic diffusion of resistant bacteria, and 2) a better 
usage of antibiotics so as to decrease the overall antibiotic consumption if un-
needed [1]. Even if there is a huge inequality among nations concerning the 
consumption of antibiotics [13], modification in practice stays hard to apply if 
public health is about. Besides, taking measures to decrease antibiotic resistance 
needs a coordinated and multi-sectorial procedure joining political commit-
ment, resources, specific governance mechanisms, and practical management 
[14]. Two years ago, the ECDC illustrated that the total consumption of antibio-
tics in the EU did not importantly vary in the community and the hospital sec-
tors; however, a small decreasing and increasing tendencies were noted for some 
nations over the 2013-2017 period. Alterations in consumption were likely more 
apparent in veterinary medicine. In an account including the 2011-2016 period 
on veterinary antibiotics sale, the European Surveillance of Veterinary Antimi-

https://doi.org/10.4236/oalib.1106138


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 3 Open Access Library Journal 
 

crobial Consumption communicated a global diminution of 20% combined for 
25 nations [15]. This was temporarily interpreted by the application of policies 
and actions targeting at decreasing the abuse of antibiotics. Even if the examined 
period is too short yet to draw robust conclusion, the first impacts of such re-
sponsible-use campaigns start to be apparent. Even if the investigated period is 
too brief until now to extract the right deduction, the primary impacts of such 
responsible-use campaigns begin to be clear. As an example, In France, an un-
matched national plan to decrease antibiotic consumption in the animal sector 
has been commenced [16]. This conducted to an impactful 39% diminution of 
antibiotic prescription in veterinary medicine in 6 years, all animals considered. 
The decrease was even more powerful for dangerous antibiotics like fluoroqui-
nolones (81% reduction) and last generation cephalosporin (75% reduction). 
Such actions were pursued by a clear reduction of pathogenic ARBs [17]. As 
noted by the French National Public Health Agency [18], employing informa-
tion as well furnished by the European Food Safety Agency (EFSA), the fraction 
of resistant Escherichia coli for C3G went down from 16% to <2% in poultry 
among 2010 and 2017, which was greatly augmenting prior 2010 [18] [19] [20]. 
While more findings are required to support such findings, they are inclined to 
reveal that a better usage conducting to a decreased consumption of antibiotics 
may quickly lead to a net diminution of the relative existence of ARBs. While 
numerous different publications are actually promising to continue in that 
orientation [21] [22] [23], the link among the presence of resistance and antibi-
otic consumption does not constantly obey this tendency. In fact, even if it is not 
the large plurality of the published instances, ending or augmenting the con-
sumption of a specific antibiotic does not constantly lead to the accompanying 
diminution or augmentation of the corresponding resistances, and this may 
change following to the examined environment, the public/animal analyzed, and 
the antibiotic and bacteria considered. For example, researchers [24] mentioned 
a negative association among a diminishing consumption of cefotaxime and the 
rate of cefotaxime resistant—E. coli pathogens isolated in a Taiwanese university 
hospital. Identical tendencies were noted for the consumption of ceftriaxone and 
ceftriaxone-resistant E. coli and Klebsiella spp. in a Turkish hospital setting [25]. 
Negative associations among antibiotic consumptions and the expansion of re-
sistances may as well function the other way around and may depend on the 
bacterial species considered. In a Korean investigation including six university 
hospitals, researchers [26] noted contrasted findings following an augmented 
consumption of fluoroquinolones, where the resistance rate for ciprofloxacin in 
E. coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa, either augmented, 
remained stable or decreased, respectively over an 8-year period. 

Astonishingly, the identical researchers [26] as well discovered a negative as-
sociation among diminishing consumptions of aminoglycosides and the resis-
tance rate for third-generation cephalosporins and ciprofloxacin; therefore, se-
parating a specific drug consumption from its influence on the corresponding 

https://doi.org/10.4236/oalib.1106138


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 4 Open Access Library Journal 
 

antibiotic resistance, at least for a few documented situations. In addition, car-
bapenem-resistant P. aeruginosa could be isolated from animals that have not 
been already treated with carbapenems. In such condition, the resistance to car-
bapenem was related to an efflux pump dysregulation (rather than a carbapene-
mase) conducting from mutations likely selected via disinfectants [27]-[37] and 
additional antibiotics in veterinary practices [38]; therefore depicting that resis-
tant phenotypes can arise independently from the existence of the corresponding 
antibiotics. In addition, the identification of antibiotic resistance genes in meta-
genomes from 30,000-years old sediments recalls that resistance phenotypes and 
their corresponding genes possibly existed before the so-called antibiotic era 
[39]. Such remarks distinctly show that the appearance and the diffusion of anti-
biotic resistances in bacteria cannot only be interpreted by a simple selection 
phenomenon taking place throughout antibiotics therapy, even if the latter is a 
significant driving factor in numerous cases [1]. 

2. Antibiotic Secondary Impacts 

Dealing with the diffusion of antibiotic resistance will certainly need a better uti-
lization of antibiotics with a view to decelerate the appearance of resistant va-
riants related to antibiotic therapies [1]. However, taking into account the indis-
pensability of antibiotics in new medicine, antibiotic resistance will persist to be 
liberated in an anthropogenically-impacted medium where ARBs may continue, 
collect, transfer their resistant genes (ARGs) to indigenous microorganisms, and 
lastly re-enter the food chain and pollute human and animal bowels for a novel 
round of selection [5]. It has to be mentioned here that nature has been defined 
as a reservoir of ARGs in numerous times [40]. Taking into account that the 
spreading of antibiotic resistance depends on the acquisition of resistance; how-
ever, as well involves a transmission, and thus a contact, among people, or with 
wastewater, or manure, or animals, tackling the dissemination of ARB and ARGs 
[6] [7] will without question need controlling both the usage of antibiotics but as 
well the path of transmission, particularly at the ecological level. In this context, 
researchers [41] suggested that the transmission of ARB and ARGs [6] [7] was 
possibly the controlling factor to consider for dominant antibiotic resistance, 
which involves functioning at diverse degrees than the antibiotic consumption as 
well [1]. 

The worldwide lowering of consumption is not the only significant action ap-
plied by national and international organizations for better use of antibiotics [1]. 
The categorization of antimicrobial agents as critically substantial molecules for 
human health (WHO classification list), the limitation of their accessibili-
ty/delivery and the confinement of particular antibiotic usages to human medi-
cine are crucial actions aiming at preventing the appearance of specific resis-
tances in the animal husbandry sector and their diffusion in the human health 
sector [11] [42] [43]. Even so, limiting the use of a particular antibiotic is proba-
bly to be of a restricted influence if collateral effects were to be noted among an-
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tibiotics of diverse nature on the appearance and the spread of unrelated ARGs. 
Recently, researchers [44] established that Tn916, a mobile genetic element im-
plicated in the diffusion of an ARG for tetracycline, could manifest a 1000-fold 
increase of its transfer frequency when exposed to sub-inhibitory levels of tetra-
cyclines, but as well as macrolides, lincosamides, and streptogramins. This indi-
cates that not only sub-inhibitory levels of an antibiotic could stimulate the 
spread of its corresponding resistant gene, but that collateral stimulation by dif-
ferent antibiotics is also possible. This tends to rule out the effectiveness, at least 
partially, of any action that would be founded on confining the use of 
cross-reacting antibiotics. In addition, the usage of trace metal elements like zinc 
oxide or copper sulfate is usually employed as an antibiotic alternative to pro-
mote the growth of livestock and poultry. Therefore, numerous scientists noted a 
concomitant augmentation of ARB and ARGs that are possible to result from 
co-selective processes, as ARGs and metal resistance genes can collocate on the 
identical genetic entities (mobile genetic elements) [45] [46] [47]. 

3. Conclusions 

From this work, the following conclusions can be drawn: 
1) Secondary influences of antibiotics at sub-inhibitory levels and trace metal 

elements obviously call attention to the reality that the antibiotic resistance dan-
ger has not to be related to the only antibiotic therapy applications, and must to 
some extent be viewed as a multifactorial issue where co-selection and stimula-
tion of horizontal gene transfer as well completely applies.  

2) More in-depth epidemiological investigations have to let defining the range 
of these secondary impacts outside the scene of a Petri dish and may interpret 
why many antibiotic resistances run away any decrease of presence while lower-
ing the corresponding antibiotic consumption.  

3) In addition, defining thoroughly which antibiotic molecules manifest sec-
ondary influences, and at which levels, would be a supplementary stage toward 
antibiotic hazard evaluation, whether for therapeutic applications or for the im-
pact of antibiotics once liberated in the downstream mediums [1]. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Merlin, C. (2020) Reducing the Consumption of Antibiotics: Would That Be 

Enough to Slow down the Dissemination of Resistances in the Downstream Envi-
ronment? Frontiers in Microbiology, 11, 33.  
https://doi.org/10.3389/fmicb.2020.00033 

[2] Courvalin, P. (2005) Antimicrobial Drug Resistance: “Prediction Is Very Difficult, 
Especially about the Future”. Emerging Infectious Diseases, 11, 1503-1506.  
https://doi.org/10.3201/eid1110.051014 

https://doi.org/10.4236/oalib.1106138
https://doi.org/10.3389/fmicb.2020.00033
https://doi.org/10.3201/eid1110.051014


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 6 Open Access Library Journal 
 

[3] Furuya, E.Y. and Lowy, F.D. (2006) Antimicrobial-Resistant Bacteria in the Com-
munity Setting. Nature Reviews Microbiology, 4, 36-45.  
https://doi.org/10.1038/nrmicro1325 

[4] Davies, J. (2007) Microbes Have the Last Word. A Drastic Re-Evaluation of Anti-
microbial Treatment Is Needed to Overcome the Threat of Antibiotic-Resistant 
Bacteria. EMBO Reports, 8, 616-621. https://doi.org/10.1038/sj.embor.7401022 

[5] Davies, J. and Davies, D. (2010) Origins and Evolution of Antibiotic Resistance. 
Microbiology and Molecular Biology Reviews, 74, 417-433.  
https://doi.org/10.1128/MMBR.00016-10 

[6] Ghernaout, D. and Elboughdiri, N. (2020) Antibiotics Resistance in Water Me-
diums: Background, Facts, and Trends. Applied Engineering, 4, 1-6.  

[7] Ghernaout, D. and Elboughdiri, N. (2020) Removing Antibiotic-Resistant Bacteria 
(ARB) Carrying Genes (ARGs): Challenges and Future Trends. Open Access Li-
brary Journal, 7, e6003. https://doi.org/10.4236/oalib.1106003 

[8] Andersson, D.I. and Hughes, D. (2014) Microbiological Effects of Sublethal Levels 
of Antibiotics. Nature Reviews Microbiology, 12, 465-478.  
https://doi.org/10.1038/nrmicro3270 

[9] WHO (2015) Global Action Plan on Antimicrobial Resistance.  
http://www.emro.who.int/health-topics/drugresistance/global-action-plan.html  

[10] O’Neil Report (2016) Tackling Drug-Resistant Infections Globally: Final Report and 
Recommendations.  
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf  

[11] EUR-Lex (2018) European Parliament Legislative Resolution of 25 October 2018 on 
the Proposal for a Regulation of the European Parliament and of the Council on 
Veterinary Medicinal Products (Document P8_TA(2018)0421).  
https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=EP%3AP8_TA%282018%290
421  

[12] WHO (2017) Global Framework for Development & Stewardship to Combat Anti-
microbial Resistance.  
http://www.who.int/antimicrobial-resistance/global-action-plan/UpdatedRoadma
p-Global-Framework-for-Development-Stewardship-to-combatAMR_2017_11_0
3.pdf?ua=1 

[13] ECDC (European Centre for Disease Prevention and Control). Antimicrobial Con-
sumption—Annual Epidemiological Report for 2017.  
https://www.ecdc.europa.eu/en/publications-data/antimicrobialconsumption-annua
l-epidemiological-report-2017  

[14] WHO (2018) Tackling Antimicrobial Resistance Together. Working Paper 1.0: 
Multisectoral Coordination.  
https://www.who.int/antimicrobial-resistance/publications/workingpaper1multisect
oralcoordinationAMR/en/  

[15] ESVAC (European Surveillance of Veterinary Antimicrobial Consumption) (2018) 
Sales of Veterinary Antimicrobial Agents in 30 European Countries in 2016.  
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-ag
ents-30-european-countries-2016-trends-2010-2016-eighth-esvac_en.pdf  

[16] Ecoantibio (2017) Écoantibio 2: The French National Plan for the Reduction of the 
Risks of Antimicrobial Resistance in Veterinary Medicine.  
https://agriculture.gouv.fr/le-plan-ecoantibio-2-2017-2021  

[17] RESAPATH (2016) French Surveillance Network for Antimicrobial Resistance in 

https://doi.org/10.4236/oalib.1106138
https://doi.org/10.1038/nrmicro1325
https://doi.org/10.1038/sj.embor.7401022
https://doi.org/10.1128/MMBR.00016-10
https://doi.org/10.4236/oalib.1106003
https://doi.org/10.1038/nrmicro3270
http://www.emro.who.int/health-topics/drugresistance/global-action-plan.html
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=EP%3AP8_TA%282018%290421
https://eur-lex.europa.eu/legal-content/FR/TXT/?uri=EP%3AP8_TA%282018%290421
http://www.who.int/antimicrobial-resistance/global-action-plan/UpdatedRoadmap-Global-Framework-for-Development-Stewardship-to-combatAMR_2017_11_03.pdf?ua=1
http://www.who.int/antimicrobial-resistance/global-action-plan/UpdatedRoadmap-Global-Framework-for-Development-Stewardship-to-combatAMR_2017_11_03.pdf?ua=1
http://www.who.int/antimicrobial-resistance/global-action-plan/UpdatedRoadmap-Global-Framework-for-Development-Stewardship-to-combatAMR_2017_11_03.pdf?ua=1
https://www.ecdc.europa.eu/en/publications-data/antimicrobialconsumption-annual-epidemiological-report-2017
https://www.ecdc.europa.eu/en/publications-data/antimicrobialconsumption-annual-epidemiological-report-2017
https://www.who.int/antimicrobial-resistance/publications/workingpaper1multisectoralcoordinationAMR/en/
https://www.who.int/antimicrobial-resistance/publications/workingpaper1multisectoralcoordinationAMR/en/
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-30-european-countries-2016-trends-2010-2016-eighth-esvac_en.pdf
https://www.ema.europa.eu/en/documents/report/sales-veterinary-antimicrobial-agents-30-european-countries-2016-trends-2010-2016-eighth-esvac_en.pdf
https://agriculture.gouv.fr/le-plan-ecoantibio-2-2017-2021


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 7 Open Access Library Journal 
 

Pathogenic Bacteria of Animal Origin. 2016 Annual Report.  
https://www.anses.fr/en/system/files/LABO-Ra-Resapath2016EN.pdf  

[18] Santé Publique France (2018) Consommation d’antibiotiques et résistance aux anti-
biotiques en France: Une infection évitée, c’est un antibiotique préservé!  
https://www.santepubliquefrance.fr/maladies-ettraumatismes/infections-associees-a
ux-soins-et-resistance-aux-antibiotiques/resistance-aux-antibiotiques/documents/ra
pport-synthese/consommationd-antibiotiques-et-resistance-aux-antibiotiques-en-fr
ance-une-infectionevitee-c-est-un-antibiotique-preserve 

[19] Bourély, C., Chauvin, C., Jouy, É., Cazeau, G., Jarrige, N. and Leblond, A. (2018) 
Comparative Epidemiology of E. coli Resistance to Third-Generation Cephalospo-
rins in Diseased Food-Producing Animals. Veterinary Microbiology, 223, 72-78.  
https://doi.org/10.1016/j.vetmic.2018.07.025 

[20] EFSA (European Food Safety Agency) (2018) The European Union Summary Re-
port on Antimicrobial Resistance in Zoonotic and Indicator Bacteria from Humans, 
Animals and Food in 2016.  
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5182  

[21] Seppala, H., Klaukka, T., Vuopio-Varkila, J., Muotiala, A., Helenius, H. and Lager, 
K. (1997) The Effect of Changes in the Consumption of Macrolide Antibiotics on 
Erythromycin Resistance in Group A Streptococci in Finland. The New England 
Journal of Medicine, 337, 441-446. https://doi.org/10.1056/NEJM199708143370701 

[22] Aarestrup, F.M., Seyfarth, A.M., Emborg, H.-D., Pedersen, K., Hendriksen, R.S. and 
Bager, F. (2001) Effect of Abolishment of the Use of Antimicrobial Agents for 
Growth Promotion on Occurrence of Antimicrobial Resistance in Fecal Enterococci 
from Food Animals in Denmark. Antimicrobial Agents and Chemotherapy, 45, 
2054-2059. https://doi.org/10.1128/AAC.45.7.2054-2059.2001 

[23] Dutil, L., Irwin, R., Finley, R., Ng, L.K., Avery, B. and Boerlin, P. (2010) Ceftiofur 
Resistance in Salmonella enterica Serovar Heidelberg from Chicken Meat and Hu-
mans, Canada. Emerging Infectious Diseases, 16, 48-54.  
https://doi.org/10.3201/eid1601.090729 

[24] Lai, C.-C., Wang, C.-Y., Chu, C.-C., Tan, C.-K., Lu, C.-L. and Lee, Y.-C. (2011) 
Correlation between Antibiotic Consumption and Resistance of Gram Negative 
Bacteria Causing Healthcare-Associated Infections at a University Hospital in Tai-
wan from 2000 to 2009. Journal of Antimicrobial Chemotherapy, 66, 1374-1382.  
https://doi.org/10.1093/jac/dkr103 

[25] Altunsoy, A., Aypak, C., Azap, A., Ergönül, Ö. and Balik, I. (2011) The Impact of a 
Nationwide Antibiotic Restriction Program on Antibiotic Usage and Resistance 
against Nosocomial Pathogens in Turkey. International Journal of Medical Sciences, 
8, 339-344. https://doi.org/10.7150/ijms.8.339 

[26] Kim, B., Kim, Y., Hwang, H., Kim, J., Kim, S.W. and Bae, I.G. (2018) Trends and 
Correlation between Antibiotic Usage and Resistance Pattern among Hospitalized 
Patients at University Hospitals in Korea, 2004 to 2012: A Nationwide Multicenter 
Study. Medicine, 97, e13719. https://doi.org/10.1097/MD.0000000000013719 

[27] Ghernaout, D., Naceur, M.W. and Aouabed, A. (2011) On the Dependence of Chlo-
rine By-Products Generated Species Formation of the Electrode Material and Ap-
plied Charge during Electrochemical Water Treatment. Desalination, 270, 9-22. 

[28] Ghernaout, D., Alghamdi, A., Aichouni, M. and Touahmia, M. (2018) The Lethal 
Water Tri-Therapy: Chlorine, Alum, and Polyelectrolyte. World Journal of Applied 
Chemistry, 3, 65-71. https://doi.org/10.1016/j.desal.2011.01.010 

[29] Ghernaout, D. and Elboughdiri, N. (2020) Is Not It Time to Stop Using Chlorine for 

https://doi.org/10.4236/oalib.1106138
https://www.anses.fr/en/system/files/LABO-Ra-Resapath2016EN.pdf
https://www.santepubliquefrance.fr/maladies-ettraumatismes/infections-associees-aux-soins-et-resistance-aux-antibiotiques/resistance-aux-antibiotiques/documents/rapport-synthese/consommationd-antibiotiques-et-resistance-aux-antibiotiques-en-france-une-infectionevitee-c-est-un-antibiotique-preserve
https://www.santepubliquefrance.fr/maladies-ettraumatismes/infections-associees-aux-soins-et-resistance-aux-antibiotiques/resistance-aux-antibiotiques/documents/rapport-synthese/consommationd-antibiotiques-et-resistance-aux-antibiotiques-en-france-une-infectionevitee-c-est-un-antibiotique-preserve
https://www.santepubliquefrance.fr/maladies-ettraumatismes/infections-associees-aux-soins-et-resistance-aux-antibiotiques/resistance-aux-antibiotiques/documents/rapport-synthese/consommationd-antibiotiques-et-resistance-aux-antibiotiques-en-france-une-infectionevitee-c-est-un-antibiotique-preserve
https://www.santepubliquefrance.fr/maladies-ettraumatismes/infections-associees-aux-soins-et-resistance-aux-antibiotiques/resistance-aux-antibiotiques/documents/rapport-synthese/consommationd-antibiotiques-et-resistance-aux-antibiotiques-en-france-une-infectionevitee-c-est-un-antibiotique-preserve
https://doi.org/10.1016/j.vetmic.2018.07.025
https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5182
https://doi.org/10.1056/NEJM199708143370701
https://doi.org/10.1128/AAC.45.7.2054-2059.2001
https://doi.org/10.3201/eid1601.090729
https://doi.org/10.1093/jac/dkr103
https://doi.org/10.7150/ijms.8.339
https://doi.org/10.1097/MD.0000000000013719
https://doi.org/10.1016/j.desal.2011.01.010


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 8 Open Access Library Journal 
 

Treating Water? Open Access Library Journal, 7, e6007.  
https://doi.org/10.11648/j.wjac.20180302.14 

[30] Ghernaout, D. and Ghernaout, B. (2010) From Chemical Disinfection to Electrodi-
sinfection: The Obligatory Itinerary? Desalination and Water Treatment, 16, 
156-175. https://doi.org/10.5004/dwt.2010.1085 

[31] Boucherit, A., Moulay, S., Ghernaout, D., Al-Ghonamy, A.I., Ghernaout, B., Naceur, 
M.W., Ait Messaoudene, N., Aichouni, M., Mahjoubi, A.A. and Elboughdiri, N.A. 
(2015) New Trends in Disinfection By-Products Formation upon Water Treatment. 
Journal of Research & Developments in Chemistry, 2015, Article ID: 628833.  
https://doi.org/10.5171/2015.628833 

[32] Ghernaout, D. (2017) Microorganisms’ Electrochemical Disinfection Phenomena. 
EC Microbiology, 9, 160-169. 

[33] Ghernaout, D., Touahmia, M. and Aichouni, M. (2019) Disinfecting Water: Elec-
trocoagulation as an Efficient Process. Applied Engineering, 3, 1-12. 

[34] Ghernaout, D., Aichouni, M. and Touahmia, M. (2019) Mechanistic Insight into 
Disinfection by Electrocoagulation—A Review. Desalination and Water Treatment, 
141, 68-81. https://doi.org/10.5004/dwt.2019.23457 

[35] Ghernaout, D., Alghamdi, A. and Ghernaout, B. (2019) Microorganisms’ Killing: 
Chemical Disinfection vs. Electrodisinfection. Applied Engineering, 3, 13-19. 

[36] Ghernaout, D. (2019) Greening Electrocoagulation Process for Disinfecting Water. 
Applied Engineering, 3, 27-31. 

[37] Ghernaout, D. (2019) Electrocoagulation and Electrooxidation for Disinfecting Water: 
New Breakthroughs and Implied Mechanisms. Applied Engineering, 3, 125-133. 

[38] Haenni, M., Bour, M., Châtre, P., Madec, J.-Y., Plésiat, P. and Jeannot, K. (2017) 
Resistance of Animal Strains of Pseudomonas aeruginosa to Carbapenems. Fron-
tiers in Microbiology, 8, 1847. https://doi.org/10.3389/fmicb.2017.01847 

[39] D’Costa, V.M., King, C.E., Kalan, L., Morar, M., Sung, W.W. and Schwarz, C. (2011) 
Antibiotic Resistance Is Ancient. Nature, 477, 457-461.  
https://doi.org/10.1038/nature10388 

[40] Berendonk, T.U., Manaia, C.M., Merlin, C., Fatta-Kassinos, D., Cytryn, E. and 
Walsh, F. (2015) Tackling Antibiotic Resistance: The Environmental Framework. 
Nature Reviews Microbiology, 13, 310-317. https://doi.org/10.1038/nrmicro3439 

[41] Collignon, P., Beggs, J.J., Walsh, T.R., Gandra, S. and Laxminarayan, R. (2018) Anth-
ropological and Socioeconomic Factors Contributing to Global Antimicrobial Re-
sistance: A Univariate and Multivariable Analysis. The Lancet Planetary Health, 2, 
e398-e405. https://doi.org/10.1016/S2542-5196(18)30186-4 

[42] OIE (World Organization for Animal Health) (2018) OIE List of Antimicrobial 
Agents of Veterinary Importance.  
https://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/AMR/
A_OIE_List_antimicrobials_May2018.pdf  

[43] WHO (2019) WHO Model List of Essential Medicines, 21st List.  
https://www.who.int/medicines/publications/essentialmedicines/en/  

[44] Scornec, H., Bellanger, X., Guilloteau, H., Groshenry, G. and Merlin, C. (2017) In-
ducibility of Tn916 Conjugative Transfer in Enterococcus faecalis by Subinhibitory 
Concentrations of Ribosome-Targeting Antibiotics. Journal of Antimicrobial Che-
motherapy, 72, 2722-2728. https://doi.org/10.1093/jac/dkx202 

[45] Hasman, H., Kempf, I., Chidaine, B., Cariolet, R., Ersbøll, A.K. and Houe, H. (2006) 
Copper Resistance in Enterococcus faecium, Mediated by the tcrB Gene, Is Selected 

https://doi.org/10.4236/oalib.1106138
https://doi.org/10.11648/j.wjac.20180302.14
https://doi.org/10.5004/dwt.2010.1085
https://doi.org/10.5171/2015.628833
https://doi.org/10.5004/dwt.2019.23457
https://doi.org/10.3389/fmicb.2017.01847
https://doi.org/10.1038/nature10388
https://doi.org/10.1038/nrmicro3439
https://doi.org/10.1016/S2542-5196(18)30186-4
https://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/AMR/A_OIE_List_antimicrobials_May2018.pdf
https://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/AMR/A_OIE_List_antimicrobials_May2018.pdf
https://www.who.int/medicines/publications/essentialmedicines/en/
https://doi.org/10.1093/jac/dkx202


D. Ghernaout, N. Elboughdiri 
 

 

DOI: 10.4236/oalib.1106138 9 Open Access Library Journal 
 

by Supplementation of Pig Feed with Copper Sulfate. Applied and Environmental 
Microbiology, 72, 5784-5789. https://doi.org/10.1128/AEM.02979-05 

[46] Yin, Y., Gu, J., Wang, X., Song, W., Zhang, K. and Sun, W. (2017) Effects of Copper 
Addition on Copper Resistance, Antibiotic Resistance Genes, and intl1 during 
Swine Manure Composting. Frontiers in Microbiology, 8, 344.  
https://doi.org/10.3389/fmicb.2017.00344 

[47] Van Alen, S., Kaspar, U., Idelevich, E.A., Köck, R. and Becker, K. (2018) Increase of 
Zinc Resistance in German Human Derived Livestock-Associated MRSA between 
2000 and 2014. Veterinary Microbiology, 214, 7-12.  
https://doi.org/10.1016/j.vetmic.2017.11.032 

 

https://doi.org/10.4236/oalib.1106138
https://doi.org/10.1128/AEM.02979-05
https://doi.org/10.3389/fmicb.2017.00344
https://doi.org/10.1016/j.vetmic.2017.11.032

	Should We Forbid the Consumption of Antibiotics to Stop the Spread of Resistances in Nature?
	Abstract
	Subject Areas
	Keywords
	1. Controlling the Consumption of Antibiotics
	2. Antibiotic Secondary Impacts
	3. Conclusions
	Conflicts of Interest
	References

