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Abstract
Antimicrobials are widely used in agriculture and livestock, nevertheless their large-scale and indiscriminate use contributes considerably to the
development of microbial resistance. The intense commercialization of agricultural products accelerates the dissemination of pathogens that present
resistance profiles, which characterize them as extremely harmful to plants and animals. Thus, there is an urgent need to control the use of antimicrobials
in animal and vegetable food products in order to find new agents that are less able to develop resistance. It is essential the guidance of the professionals
and the population about the rational use of antimicrobials in agriculture and livestock for the maintenance and protection of the human healthy and
environment.
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Introduction
The discovery of antimicrobials is one of the greatest achievements in medicine, these drugs allow the cure and treatment of
various infectious diseases, preventing millions of premature
deaths. Nevertheless, the microbial resistance to antimicrobials has
emerged in a short time from the beginning of its use [1]. Microbial
resistance can be acquired through several mechanisms and be established between microorganisms from the same population or in
different populations, either from the animal or human microbiota
[2].
The indiscriminate use of antimicrobials in the treatment of animals in livestock, as well as in agriculture, can make these plant
and animal food products a source of microorganisms with resistance profiles to antimicrobial agents, inflicting serious hazards to
the consumers. Another worrying factor is that the development
of resistance by certain pathogenic microorganisms is faster than
the ability of the pharmaceutical industry to produce new effective
antimicrobial agents to combat these microorganisms [3].
Owing to the need to control the use of antimicrobials in livestock and agricultural products and to seek out new agents that
have less ability to develop resistance, several countries are currently developing projects and creating new laws with the en
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deavour to establish programs that can diminishes the resistance
to the conventional drugs. In this context, these projects intend to
establish educational campaigns to guide the professionals and the
population through surveillance and monitoring of the rational antimicrobial use [4,5].

Infections in animals

Enteric bacterial infections in animals, especially in pigs, have
been growing significantly and are frequently observed in different
age groups, causing a great impact for the pig industry worldwide
[6,7]. In addition, some of these microorganisms able to infect ani

mals may be potentially pathogenic to humans, pose serious public
health risks. The main bacteria associated with the pathogenesis of
enteritis are Escherichia coli, Clostridium perfringens Type A, Type
C and Clostridium difficile, Salmonella spp., Yersinia spp. and Campylobacter spp. [7,8].
Among the groups of pathogenic microorganisms, Escherichia
coli, part of the normal intestinal microbiota of numerous hosts,
such as mammals, birds and reptiles, are one of the main pathogens
species responsibles for the infections in animals. Infections caused
by enterotoxigenic and enterohemorrhagic E. coli are a significant
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cause of diarrhea in animals, especially in piglets, calves and lambs,
as well as in humans [9,10]. Enterohemorrhagic E. coli, causes hemorrhagic colitis and hemolytic uremic syndrome in infected humans
[10,11]. In healthy cattle contaminated with enterohemorrhagic
E. coli, the large intestine is the main reservoir of this agent. The
ability of this microorganism to cause disease, colonize the bovine
gastrointestinal tract and survive in the environment, requires the
production of several virulence factors, including virulence plasmids [12-14].

Salmonellosis is one of the most relevant bacterial diseases in
animals. Salmonella typhimurium can be isolated from swine for
slaughter and Salmonella enteritidis is the main cause of egg contamination without causing a discernable disease process in infected birds [15,16]. Although Salmonella typhimurium infection in
pigs can develop enterocolitis, the infection is usually asymptomatic
[17,18]. Pigs that are infected with these bacteria can carry Salmonella spp. in your tonsils, intestines and lymphoid tissue associated
with the gut for weeks or even months and eliminates them slowly.
This causes an increased cross-contamination during transport and
as consequence a higher level of pig carcass contamination [18,19].
Infections with Mycobacterium avium can cause tuberculosis
and occur mostly among ruminants. After infection, the animal may
present the absence of clinical signs for a long period. Afterwards,
clinical signs, such as decreased milk production, significant weight
loss and diarrhea can appear [20,21].
Another microorganism that is gaining projection is Campylobacter jejuni. These bacteria colonize the gut of a wide range of
hosts, such as chickens, turkeys, ducks and pigs as a commensal.
Notwithstanding, C. jejuni emerged as the major bacterial cause of
foodborne diseases in several industrialized countries [22-24].

Infections in plants

Several pathogenic species of microorganisms are responsible
for infections in plantations, which are considered one the main
causes of considerable losses in agricultural production worldwide
and source of food contamination with harmful toxins to human
health [25,26]. Bacteria, viruses, fungi and oomycetes are among
the major biological plant pathogens and can be disseminated
through soil, irrigation water, air and insects, especially arthropods [27,28]. The menace of plant infections is caused by trade and
transportation, intensified by resource-rich farming practices, potentiated by the adaptive ability of microorganisms and influenced
by climate change [29,30].

Among the microorganisms that affect plants, the most important are the filamentous pathogens, oomycetes and fungi, the main
responsible for the infections in plantations, causing great devastation and crop losses [31-33]. The most studied microorganisms are
Phytophthora, Aphanomyces, Pythium, Zygomycetes, Ascomycetes,
Basidiomycetous and Deuteromycetous [33,34]. Phytophthora cinnamomi is listed as one of the 100 most invasive plant pathogens
and Phytophthora sojae is considered the second most destructive
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pathogen in soybean plantations [34,35]. The genus Phytophthora spp. assemble structures in the host plant called haustoria, this
structure is able to secrete more than 1000 effector molecules that
act in the cytoplasm of the cells and act mainly by the suppression
of RNA silencing, which is considered the main virulence strategy of
these pathogens [36].

Plant pathogens have in common the ability to evolve strategies to evade plant defense mechanisms, thus ensuring their reproduction [26,32]. One of the most common strategies used by these
microorganisms is the suppression of the host immune response
through the secretion of effector proteins that modulate the genetic
transcription of the plant and control the influence of environmental factors, such as climate and temperature, promoting the progression of infection [26,31,37].

Microbial resistance due to the use of antimicrobials in
livestock and agriculture

Since the beginning of the antimicrobial use, the levels of microorganism resistance have increased steadily, raising dramatically
over the past 15 years. The primary mechanisms of resistance reported in the literature are: the enzymatic modification or destruction of the antimicrobial agent (eg. destruction of β-lactam agents
by β-lactamase enzymes); the prevention of intracellular accumulation of antimicrobials by reducing their cellular permeability
(eg. resistance of the bacterium Pseudomonas aeruginosa against
imipenem) or the presence of efflux pumps in bacterial cells (eg.
enterobacteria resistance against tetracyclines); changes in antimicrobial target molecules (eg, intrinsic resistance of Enterococcus
bacteria against cephalosporins), and production of alternative target molecules that are not inhibited by the drug, while continuing to
produce the original target molecules, thereby bypassing inhibition
(eg, Staphylococcus aureus resistance to methicillin) [2,38].
Regarding antimicrobial consumption in livestock, in 2009,
80% of the total amount of antimicrobial consumed in the USA was
employed for non-human use and 64% of them were administered
in healthy animals [39]. It is estimated that in the US in the mid1990s, antimicrobials were used in livestock for up to eight times
the amounts allowed by legislation [40]. In a similar way, in Australia it is estimated that 55.8% of the antimicrobials used throughout the country were added to animal feeds as a non-therapeutic
strategy [41]. From this excessive use of antimicrobials in livestock,
high risks of selection and propagation of multidrug-resistant bacteria have been developed. The consequences range from the direct
transfer of antimicrobial resistance genes to the animal population
on farms and slaughterhouses to even indirectly transfer through
dissemination by the ecosystem, water and soil [42]. In the US, antimicrobial-resistant bacteria cause more than 2 million diseases and
at least 23,000 deaths each year [43].
Studies have shown that in countries where avoparcin, a vancomycin-like drug, has been used in animal production, there has
been an increase in the amount of vancomycin-resistant Enterococcus in the intestinal microbiota of the animals treated with
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this drug, as well as in the fecal microbiota of healthy humans and
domestic animals [44,45]. It was also possible to observe that the
discontinuation of avoparcin use lead to a decrease in the level of
microbial resistance in animal production in European Union countries [44-46].

Related to the consumption of antimicrobials in agriculture, it
can be observed that the production of agricultural products, such
as grains, has doubled in the last 40 years due to the modernization
of agricultural technology, as well as there has also been a 20-fold
increase in the use of pesticides in as a prophylactic and therapeutic strategy against emergency infections [29,47]. The unrestrained
use of pesticides can cause serious toxic effects in humans and in
the ecosystem itself [48-50]. It is estimated that the concentrations
of pesticides used by farmers are often higher than those recommended by international regulatory agencies [51]. One of the major
problems related to the excessive use of pesticides in plantations is
the increase in pest outbreaks due to the antimicrobial resistance
acquired by these pathogenic microorganisms, causing enormous
crop losses [29]. In the last decade several studies have reported
the resistance of many species of fungi and oomycetes to fungicides
[50] through a review of the literature, have listed more than 25
types of fungi and oomycetes resistant to conventional fungicides,
such as the genus Phytophthora, Cercospora and Fusarium resistant to the drugs mefenoxam, methyl benzimidazole and carbendazim, respectively.
Moreover, the intense global commercialization of agricultural products accelerates the dissemination of harmful pathogens to
plantations and animals, introducing new microorganisms originating from different regions of the globe [52]. Several studies have
shown that the exchange of genetic material between microorganisms, through horizontal gene transfer and hybridization, is able of
give rise to new species of highly virulent and antimicrobial-resistant pathogens [3,32,53]. An example of a new microorganism derived from these genetic transfers is the ascomycete Pyrenophora
tritici-repentis, responsible for the brown spots on wheat plantations, for the reduction of grain quality and for crop yield losses
reach approximately 50% [54,55].
Due to the relevance for controlling the use of antimicrobials in
livestock and agriculture, countries of the European and American
continent, recently launched new projects and legislation that aim
to establish programs to control the resistance to these drugs in
agriculture. In Brazil, for example, this program was published in
2017 through a normative instruction from the Ministry of Agriculture, Livestock and Supply, which provides strategic interventions
such as health education, epidemiological studies and surveillance
and monitoring of antimicrobial use [5]. In the European continent,
the Pesticide Use-and-risk Reduction in European Farming Systems
with Integrated Pest Management (PURE) project was launched between 2011 and 2015. The main purpose of this program was to
comprise methods and tools, through integrative research, for the
implementation-based solutions for the management of agricultural pests [56].
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In this context, the search for new antimicrobials for pest control in agriculture, which can be less toxic to humans and have a
lower ability to develop resistance, is growing worldwide [57].
Among the different strategies that have shown promising results
are the use of biological control agents, including compounds produced by fungi such as oligosaccharides, lytic enzymes and volatile
compounds which demonstrate a great potential as effective biocontrol agents [57,58]. Another type of biological control agent is
Bacillus velezensis which has been widely used as an alternative to
conventional pesticides and can produce a variety of secondary metabolites that have a broad-spectrum antifungal activity. Nonetheless, this research area is still insipient and needs further studies to
elucidate the mechanisms of action of these biological agents [49].

Conclusion

The antimicrobial resistance has become a major problem for
both human and animal health, causing high rates of morbidity and
mortality and great economic losses for the general population. The
indiscriminate and inappropriate use of antimicrobial agents in agriculture and livestock as an alternative for infection control and
reduction on crop production losses has contributed enormously
to the emergence of resistant pathogens. Revisiting this issue, it is
imperative that the indiscriminate use of antimicrobial agents for
non-therapeutic purposes be discussed and reviewed by the population and by the health regulatory agencies, aiming to promote
the rational use of these drugs in both human and animal health.
Thus, it is necessary a more rigorous global control of the use of
antimicrobials in agriculture and livestock, and the search for new
antimicrobial agents that present a broad-spectrum activity at low
dosages with low impacts on the environment.

References

1. Aminov R (2017) History of antimicrobial drug discovery: Major classes
and health impact. Biochem Pharmacol 133(1): 4-19.

2. Gould K (2016) Antibiotics: from prehistory to the presente day. J
Antimicrob Chemother 71(3): 572-575.
3. Mendel RR, Hansch RM (2017) Gene transfer to higher plants. Molecular
Methods in Plant Pathology.

4. Sarrocco S, Diquattro S, Avolio F, Cimmino A, Puntoni G, et al. (2015)
Bioactive metabolites from new or rare fimicolous fungi with antifungal
activity against plant pathogenic fungi. European Journal of Plant
Pathology 142(1): 61-71.
5. Ministério da agricultura, pecuária e abastecimento gabinete do
ministro (MAPA) (2017) Programa Nacional de Prevenção e Controle da
Resistência aos Antimicrobianos na Agropecuária. Instrução Normativa
nº 41, de 23 de outubro de.

6. Jacobson M, Lofstedt MG, Holmgren N, Lundeheim N, Fellstrom C (2005)
The prevalences of Brachyspira spp. and Lawsonia intracellularis in
Swedish piglet producing herds and wild boar population. J Vet Med B
Infect Dis Vet Public Health 52(9): 386-391.
7. Jans C, Sarno E, Collineau L, Meile L, Stark KDC, et al. (2018) Consumer
exposure to antimicrobial resistant bacteria from food at Swiss retail
level. Front Microbiol 9: 362.
8. Pereira AA, Piccoli RH, Batista NN, Camargos NG, Oliveira MMM (2014)
Inativação termoquímica de Escherichia coli, Staphylococcus aureus
e Salmonella enterica Enteritidis por óleos essenciais. Ciência Rural
44(11): 2022-2028.

Volume - 4 Issue - 4
How to cite this article: Sarah B P, Sandrelli M d F R d S M, José E G, Isabella M F C*. Microbial Resistance Due to the Use of Antimicrobials in Livestock
3/5
and Agriculture . Appro Poult Dairy & Vet Sci 4(4). APDV.000595.2018. DOI: 10.31031/APDV.2018.04.000595

Appro Poult Dairy & Vet Sci

Copyright © Isabella Macário Ferro Cavalcanti

9. Nagy B, Fekete PZ (2005) Enterotoxigenic Escherichia coli in veterinary
medicine. Int J Med Microbiol 295(6-7): 443-454.

29. Chakraborty S, Newton AC (2011) Climate change, plant diseases and
food security: an overview. Plant Pathology 60(1): 2-14.

11. Ferens WA, Hovde CJ (2011) Escherichia coli O157: H7: animal reservoir
and sources of human infection. Foodborne Pathog Dis 8(4): 465-487.

31. Franceschetti M, Maqbool A, Jiménez Dalmaroni MJ, Pennington HG,
Kamoun S, et al. (2017) Effectors of filamentous plant pathogens:
commonalities amid diversity. Microbiology and Molecular Biology
Reviews 81(2): e00016-e00066.

10. Zoja C, Buelli S, Morigi M (2010) Shiga toxin-associated hemolytic
uremic syndrome: pathophysiology of endothelial dysfunction. Pediatr
Nephrol 25(11): 2231-2240.
12. Lim JY, Yoon JW, Hovde CJ (2010) A brief overview of Escherichia coli
O157:H7 and its plasmid O157. J Microbiol Biotechnol 20(1): 5-14.

13. Pennington H (2010) Escherichia coli O157. The Lancet 376(9750):
1428-1435.
14. Tadesse DA, Zhao S, Tong E, Ayers S, Singh A, et al. (2012) Antimicrobial
drug resistance in Escherichia coli from humans and food animals,
United States, 1950-2002. Emerg Infect Dis 18(5): 741-749.

15. Gantois I, Ducatelle R, Pasmans F, Haesebrouck F, Gast R, et al. (2009)
Mechanisms of egg contamination by Salmonella enteritidis. FEMS
Microbiol Rev 33(4): 718-738.

16. Villa Rojas R, Tang J, Wang S, Gao M, Kang DH, et al. (2013) Thermal
inactivation of Salmonella enteritidis PT 30 in almond kernels as
influenced by water activity. J Food Prot 76(1): 26-32.
17. Boyen F, Haesebrouck F, Maes D, Van Immerseel F, Ducatelle R, et al.
(2008) Non-typhoidal Salmonella infections in pigs: a closer look at
epidemiology, pathogenesis and control. Vet Microbiol 130(1-2): 1-19.

18. Takhar PS, Head KL, Hendrix KM, Smith DM (2009) Predictive modeling
of Salmonella species inactivation in ground pork and Turkey during
cooking. International Journal of Food Engineering 5(2): 64-67.

19. Hald T, Wingstrand A, Swanenburg M, Von Altrock A, Thorberg BM
(2003) The occurrence and epidemiology of Salmonella in European pig
slaughterhouses. Epidemiol Infect 131(3): 1187-1203.

20. Marcé C, Ezanno P, Weber MF, Seegers H, Pfeiffer DU, et al. (2010) Invited
review: modeling within-herd transmission of Mycobacterium avium
subspecies paratuberculosis in dairy cattle: a review. J Dairy Sci 93(10):
4455-4470.
21. Gerrard ZE, Swift BMC, Botsaris G, Davidson RS, Hutchings MR, et al.
(2018) Survival of Mycobacterium avium subspecies paratuberculosis
in retail pasteurised milk. Food Microbiology 74: 57-63.

22. Dasti JI, Tareen AM, Lugert R, Zautner AE, Gross U (2010) Campylobacter
jejuni: a brief overview on pathogenicity-associated factors and diseasemediating mechanisms. Int J Med Microbiol 300(4): 205-211.
23. Trindade MM, Perdoncini G, Sierra Arguello YM, Lovato M, Borsoi A, et
al. (2015) Detecção dos genes codificantes da toxina CDT, e pesquisa de
fatores que influenciam na produção de hemolisinas em amostras de
Campylobacter jejuni de origem avícola. Pesquisa Veterinária Brasileira
35(8): 709-715.

24. Brito CPT, Dorneles EMS, Alves TM, Stynen APR, Lage AP (2017) Perfil
de suscetibilidade a antimicrobianos de amostras Campylobacter spp
isoladas de diferentes espécies animais em Minas Gerais. Brazilian
Journal of Veterinary Research and Animal Science 54(1): 54-65.

25. Masachis S, Segorbe D, Turrà D, Leon Ruiz M, Fürst U, et al. (2016)
A fungal pathogen secretes plant alkalinizing peptides to increase
infection. Nat Microbiol 1(6): 16043.

26. Moreira X, Abdala Roberts L, Castagneyrol B (2018) Interactions
between plant defence signalling pathways: Evidence from bioassays
with insect herbivores and plant pathogens. Journal of Ecology.
27. Bebber DP, Gurr SJ (2015) Crop-destroying fungal and oomycete
pathogens challenge food security. Fungal Genet Biol 74: 62-64.
28. Shaw AK, Peace A, Power AG, Bosque Pérez NA (2017) Vector population
growth and condition‐dependent movement drive the spread of plant
pathogens. Ecology 98(8): 2145-2157.

30. Fisher MC, Henk DA, Briggs CJ, Brownstein JS, Madoff LC, et al. (2012)
Emerging fungal threats to animal, plant and ecosystem health. Nature
484(7393): 186-194.

32. Möller M, Stukenbrock EH (2017) Evolution and genome architecture in
fungal plant pathogens. Nat Rev Microbiol 15(12): 756-771.

33. Watanabe T (2018) Pictorial atlas of soilborne fungal plant pathogens
and diseases. Mycology, p. 276.

34. Burgess TI, Scott JK, Mcdougall KL, Stukely MJ, Crane C, et al. (2017)
Current and projected global distribution of Phytophthora cinnamomi,
one of the world’s worst plant pathogens. Global Change Biology 23(4):
1661-1674.
35. Dou D, Zhou JM (2012) Phytopathogen effectors subverting host
immunity: Different foes, similar battleground. Cell Host Microbe 12(4):
484-495.
36. Qiao Y, Shi J, Zhai Y, Hou Y, Ma W (2015) Phytophthora effector targets a
novel component of small RNA pathway in plants to promote infection.
Proc Natl Acad Sci U S A 112(18): 5850-5855.

37. Rovenich H, Boshoven JC, Thomma BPHJ (2014) Filamentous pathogen
effector functions: of pathogens, hosts and microbiomes. Curr Opin
Plant Biol 20: 96-103.
38. Giménez PM, Rodrigo GLC (2014) Resistencia a antimicrobianos.
Infectología pediátrica avanzada: abordaje práctico Sociedad Española
de Infectología Pediátrica. Médica Panamericana, pp. 343-352.

39. U.S. (2014) (FDA) Food and Drug Administration: Summary Report on
Antimicrobials Sold or Distributed for Use in Food-Producing Animals.
Department of Health and Human Services.
40. Marshall BM, Levy SB (2011) Food animals and antimicrobials: Impacts
on human health. Clin Microbiol Rev 24(4): 718-733.

41. Modi CM, Mody SK, Patel HB, Dudhatra GB, Kumar A, et al. (2011)
Growth promoting use of antimicrobial agents in animals. Journal of
Applied Pharmaceutical Science 01(08): 33-36.
42. Zhu YG, Johnson TA, Su JQ, Qiao M, Guo GX, et al. (2013) Diverse and
abundant antibiotic resistance genes in Chinese swine farms. Proc Natl
Acad Sci U S A 110(9): 3435-3440.

43. U.S. (2016) (FDA) Food and Drug Administration: Cutting-Edge
Technology Sheds Light on Antibiotic Resistance. Department of Health
and Human Services.

44. Van den Bogaard AE, Stobberingh EE (2000) Epidemiology of resistance
to antibiotics: Links between animals and humans. Int J Antimicrob
Agents 14(4): 327-335.
45. Loureiro RJ, Roque F, Rodrigues AT, Herdeiro MT, Ramalheira E (2016)
O uso de antibióticos e as resistências bacterianas: breves notas sobre a
sua evolução. Revista Portuguesa de Saúde Pública 34(1): 77-84.

46. Spisso BF, Nóbrega AW, Marques MAS (2009) Chemical residues and
contaminants in food of animal origin in Brazil: history, legislaton and
actions of sanitary surveillance and other regulatory systems. Cien
Saude Colet 14(6): 2091-2106.

47. Ab Rahman SFS, Singh E, Pieterse C, Schenk PM (2017) Emerging
Microbial Biocontrol Strategies for Plant Pathogens. Plant Sci 267: 102111.

48. Anderson PK, Cunningham AA, Patel NG, Morales FJ, Epstein PR, et al.
(2004) Emerging infectious diseases of plants: pathogen pollution,
climate change and agrotechnology drivers. Trends Ecol Evol 19(10):
535-544.
Volume - 4 Issue - 4

How to cite this article: Sarah B P, Sandrelli M d F R d S M, José E G, Isabella M F C*. Microbial Resistance Due to the Use of Antimicrobials in Livestock
and Agriculture . Appro Poult Dairy & Vet Sci 4(4). APDV.000595.2018. DOI: 10.31031/APDV.2018.04.000595

4/5

Appro Poult Dairy & Vet Sci

49. Kim SY, Lee SY, Weon HY, Sang MK, Song J (2017) Complete genome
sequence of Bacillus velezensis M75, a biocontrol agent against fungal
plant pathogens, isolated from cotton waste. J Biotechnol 241: 112-115.
50. Lamichhane JR, Dachbrodt Saaydeh S, Kudsk P, Messéan A (2015) Toward
a reduced reliance on conventional pesticides in European agriculture.
Plant disease 100(1): 10-24.

51. Singh M, Vasileiadis VP, Junger A (2018) Practical implementation of
the principles of the sustainable use of pesticides. Advances in Chemical
Pollution, Environmental Management and Protection 2: 133-164.

52. McDonald BA, Stukenbrock EH (2016) Rapid emergence of pathogens
in agro-ecosystems: global threats to agricultural sustainability and
food security. Philosophical Transactions of the Royal Society of London,
Series B, Biological Sciences 371(1709): 20160026.
53. Bradde S, Vucelja M, Teşileanu T, Balasubramanian V (2017) Dynamics
of adaptive immunity against phage in bacterial populations. PLoS
computational biology 13(4): e1005486.

Copyright © Isabella Macário Ferro Cavalcanti

55. Ameen G, Kariyawasam G, Shi G, Friesen TL, Faris JD, et al. (2017)
Molecular manipulation of the mating-type system and development of
a new approach for characterizing pathogen virulence in Pyrenophora
tritici-repentis. Fungal Genet Biol 109: 16-25.
56. Lescourret F (2017) Toward a reduced use of pesticides in European
farming systems: An introduction to the PURE project. Crop protection
97: 7-9.

57. Sarrocco S, Diquattro S, Avolio F, Cimmino A, Puntoni G, et al. (2015)
Bioactive metabolites from new or rare fimicolous fungi with antifungal
activity against plant pathogenic fungi. European Journal of Plant
Pathology 142(1): 61-71.
58. Schalchli H, Tortella GR, Rubilar O, Parra L, Hormazabal E, et al. (2016)
Fungal volatiles: an environmentally friendly tool to control pathogenic
microorganisms in plants. Crit Rev Biotechnol 36(1): 144-152.

54. Friesen TL, Stukenbrock EH, Liu Z, Meinhardt S, Ling H, et al. (2006)
Emergence of a new disease as a result of interspecific virulence gene
transfer. Nat Genet 38(8): 953-956.

Creative Commons Attribution 4.0
International License

For possible submissions Click Here

Submit Article

Approaches in Poultry, Dairy & Veterinary Sciences
Benefits of Publishing with us
• High-level peer review and editorial services

• Freely accessible online immediately upon publication
• Authors retain the copyright to their work

• Licensing it under a Creative Commons license
• Visibility through different online platforms

Volume - 4 Issue - 4
How to cite this article: Sarah B P, Sandrelli M d F R d S M, José E G, Isabella M F C*. Microbial Resistance Due to the Use of Antimicrobials in Livestock
5/5
and Agriculture . Appro Poult Dairy & Vet Sci 4(4). APDV.000595.2018. DOI: 10.31031/APDV.2018.04.000595

