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Editorial on the Research Topic
Antimicrobial resistance in food-producing environments: a One Health approach

Introduction

The One Health High-Level Expert panel comprised of the United Nations Food and
Agriculture Organization (FAO), the United Nations Environment Program (UNEP), the
World Health Organization (WHO), and the World Organization for Animal Health
(WOAH; founded as OIE) defines One Health as “an integrated, unifying approach that
aims to sustainably balance and optimize the health of people, animals and ecosystems. It
recognizes that the health of humans, domestic and wild animals, plants, and the wider
environment (including ecosystems) are closely linked and interdependent. The approach
mobilizes multiple sectors, disciplines and communities at varying levels of society to work
together to foster well-being and tackle threats to health and ecosystems, while addressing
the collective need for clean water, energy and air, safe and nutritious food, taking action on
climate change, and contributing to sustainable development.” (Mettenleiter et al., 2023).
There is nothing more fitting than antimicrobial resistance (AMR) to the principles of One
Health, which provides a framework for an interdisciplinary approach to dealing with this
global challenge (FAO, 2016; Robinson et al., 2016; Lancet, 2023).

Globally, bacterial AMR has been associated with an estimated 4.95 million human
deaths in 2019, including 1.27 million deaths directly attributable to bacterial AMR
(Murray et al.,, 2022). In the United States, bacterial AMR causes more than 2.9 million
infections each year, with an estimated 35,000 deaths (CDC, 2019). Such estimates on the
burden of antimicrobial-resistant pathogens to animal health do not exist (Robinson et al.,
2016). Nevertheless, a recent ecological study (Allel et al., 2023) reported a 24.8% AMR
mean prevalence in bacteria associated with food-producing animals. The authors also
reported significant associations between animal antimicrobial consumption and AMR in
bacteria associated with food-producing animals, and between human antimicrobial
consumption and AMR in human pathogens. They also found bidirectional associations
between veterinary antimicrobial sales and AMR in human pathogens, and between human

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/frabi.2024.1436987/full
https://www.frontiersin.org/articles/10.3389/frabi.2024.1436987/full
https://www.frontiersin.org/articles/10.3389/frabi.2024.1436987/full
https://www.frontiersin.org/research-topics/46573/antimicrobial-resistance-in-food-producing-environment-a-one-health-approach/overview
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/frabi.2024.1436987&domain=pdf&date_stamp=2024-06-19
mailto:Getahun.agga@USDA.Gov
mailto:kebede.amenu@aau.edu.et
mailto:k.amenu@cgiar.org
https://doi.org/10.3389/frabi.2024.1436987
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/antibiotics#editorial-board
https://www.frontiersin.org/journals/antibiotics#editorial-board
https://doi.org/10.3389/frabi.2024.1436987
https://www.frontiersin.org/journals/antibiotics

Agga and Amenu

antimicrobial sales and AMR in animals. The study highlighted that
AMR in food-producing animals is associated with the quantity of
antimicrobials sold for use in animals and in humans. Seven articles
published under this theme discuss (1) baseline occurrence of AMR
under cow-calf production; (2) estimation of national antimicrobial
use in food-producing animals; (3) standardization of variables and
parameters used to quantify on-farm antimicrobial use (AMU); (4)
animal manure storages such as lagoons that serve as a reservoir for
antimicrobial resistance genes (ARGs); (5) dissemination of AMR
through flies; (6) probiotics as a source of AMR determinants; and
(7) potential interventions to reduce the burden of AMR.

AMR in beef cow-calf
production system

Beef cow-calf production is an important and initial segment in
commercial beef production system. First, it provides calves that are
finished in feedlots for beef production; second, when culled from
operation, beef cows are processed mainly for ground beef production.
Compared to feedlot and dairy cattle production settings,
antimicrobials are used infrequently. Understanding the
epidemiology of AMR under the low antibiotic selection pressure
that exists in cow-calf production can serve as a baseline for AMR risk
that can arise when cows and calves enter the beef supply chain.
Previous studies, including by the lead author of the paper by Agga
et al,, revealed that Gram-negative clinically important antimicrobial-
resistant bacteria and associated genes can be found in cow-calf
population (Agga et al,, 2016a, 2019; Agga et al,, 2022b). The study
by Agga et al., conducted in a cow-calf operation, targeted enterococci
as the indicator organism for Gram-positive bacteria and reported that
while tetracycline-resistant enterococci were abundant, macrolide
resistance occurred at low abundance. Furthermore, the two species,
E. faecalis and E. faecium, most implicated in nosocomial infections,
were widely detected in the cow-calf operation. The authors also
pointed out that the use of wheat as a cover crop may have additional
value in mitigating AMR in livestock raised under a grazing system.

Standardized methods for the
quantification of AMU in food animals

Previous studies using randomized field trials indicated that AMU
in feedlot cattle for approved indications increases AMR in bacteria and
specific ARGs (Agga et al., 2016b, 2023). Collecting on-farm AMU data
is challenging and only a few countries have on-farm AMU monitoring
systems. Most other developed countries including the United States
use national sales data. Magiri et al. used import data to quantify AMU
in Fiji. Since many developing countries rely on imported
antimicrobials from developed countries, this method may be a
practical approach in quantifying national antimicrobial purchases
intended for use in animals. The use of different measurements and
analytical approaches without standardization hinders direct evaluation
of intervention efforts to reduce AMR. To overcome this challenge,
Lu et al. compared different metrics and developed standardized
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methods of quantifying AMU, primarily obtained from sales data for
use in food animals. The authors identified various AMU indicators,
generally grouped as count-based, mass-based, and dose-based, that
have been used to quantify AMU in animals; developed them into
standardized approaches; and evaluated them for accuracy without
compromising privacy for on-farm use and for their applicability to
antimicrobial stewardship programs. The authors also identified
limitations of the AMU quantification approaches such as lack of
strong causal evidence between AMU and AMR among animal
pathogens and commensals, and failure to include important
information such as disease conditions, routes of administration, and
antimicrobial resistance information into the AMU metrics.

Environmental dissemination of AMR
from animal farms

Animal manure is applied to fields following storage, and
incentives are necessary for farmers to use existing manure-
management technologies, which also have other added value
such as biofuel production from anaerobic digestion and lagoon
systems, and compost from animal manure composting, which can
be used as organic fertilizer (Agga et al., 2022a). Animal manure
removed from production facilities is stored in ponds, storage pits,
or stockpiled between land applications. These storage units may
act as reservoirs for AMR. Neher et al. compared the distribution of
ARGs in manure storage pits across swine farms in Iowa. The study
revealed that tetracycline and macrolide resistance genes were
detected in all swine farms (n = 48) studied; their concentrations
significantly varied among the farms, and by integrator type, with
no significant effect of production type.

Caderhoussin et al. examined the role of flies in disseminating
extended-spectrum B-lactamase (ESBL)-producing Enterobacteriaceae
on cattle farms. By applying advanced molecular techniques, the origin
and maintenance of ESBL-producing Enterobacteriaceae were
investigated in a farm that raised food-producing animals with no
history of third-generation cephalosporin uses. The study found a
similarity between plasmids and genes of ESBL-producing E. coli
strains isolated from flies and cattle. The findings from the study
suggest that flies can act as effective mechanical vectors in transferring
ARGs across environments and to multiple hosts. The study uncovered
the complexity of factors responsible for the transfer and maintenance
of ARGs. To address the complexity of AMR spread, a comprehensive
One Health approach that integrates human, animal, and
environmental health aspects is needed.

Probiotics as a source of antibiotic-
resistant bacteria and genes

Alternatives to antibiotics, including probiotics, are an
important area of research to address the loss of effective
treatments of infections caused by antimicrobial-resistant
bacteria. Probiotics are direct-fed microbials that are added to
animal feed to improve production efficiency and animal health

frontiersin.org


https://doi.org/10.3389/frabi.2022.1052316
https://doi.org/10.3389/frabi.2022.1052316
https://doi.org/10.3389/frabi.2022.1052316
https://doi.org/10.3389/frabi.2022.1055507
https://doi.org/10.3389/frabi.2023.1176817
https://doi.org/10.3389/frabi.2023.1116785
https://doi.org/10.3389/frabi.2024.1367936
https://doi.org/10.3389/frabi.2024.1436987
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org

Agga and Amenu

(Cameron and McAllister, 2019). However, probiotics such as
lactobacilli may be resistant to antibiotics, and spread AMR
elements to commensal or pathogenic bacteria. Nohr-Meldgaard
et al. characterized diverse strains of bacteria in the Lactobacillaceae
family for AMR, genotypically using whole genome sequence data
for the presence of ARGs, and phenotypically by minimum
inhibitory concentration (MIC) method using epidemiological
cutoffs (ECOFF). The authors used phylogenetic relatedness,
rather than the traditional fermentation-based method, to
propose a new ECOFF for the family of bacteria. Almost in all
strains, acquired ARGs were not detected, thus fulfilling one of the
theoretical requirements for a probiotic.

AMR interventions

Jacobsen et al. conducted a scoping review to summarize the
literature reporting AMR interventions in animals. The study
provided a comprehensive overview of various interventions and tools
aimed at reducing AMU and AMR in the animal health sector by
classifying the interventions into different major categories: (1) change
in AMU practices, (2) change in the uptake of antimicrobial stewardship
(AMS), (3) change in the development of AMR, (4) change in the
knowledge of AMR and change in the knowledge of appropriate AMU
and AMS practices, (5) change in attitudes and perceptions concerning
AMU, AMR, and AMS, and (6) surveillance strategies. The review
indicated that only one-fifth of the reviewed papers targeted developing
countries. The review revealed that objective means of evaluating the
interventions are not common, but self-reported subjective responses
are. Specifically, financial aspects are not considered when interventions
are evaluated. The authors assert that a full understanding of the
interlinked global efforts toward evaluating interventions requires
proportional coverage in developed and developing countries by using
objective metrics and targeting financial aspects.

Conclusions

The theme One Health approach to AMR in food-producing
animals attracted papers that evaluated the epidemiology and ecology
of AMR including interventions taken to reduce it. The papers ranged
from the baseline occurrence of AMR under low antibiotic selection
pressure, AMR dissemination pathways such as animal manure,
probiotics, and flies, AMU quantification and standardization, to
the interventions taken to reduce AMR. The papers presented critical
information needed to optimize AMU in food-producing animals
and the roles of other factors in disseminating AMR.

References

Agga, G. E., Cook, K. L., Netthisinghe, A. M. P, Gilfillen, R. A., Woosley, P. B., and
Sistani, K. R. (2019). Persistence of antibiotic resistance genes in beef cattle
backgrounding environment over two years after cessation of operation. PloS One
14, €0212510. doi: 10.1371/journal.pone.0212510

Agga, G. E., Couch, M., Parekh, R. R, Mahmoudi, F., Appala, K., Kasumba, J., et al.
(2022a). Lagoon, anaerobic digestion, and composting of animal manure treatments

Frontiers in Antibiotics

10.3389/frabi.2024.1436987

Author contributions

GA: Writing - original draft, Writing - review & editing. KA:
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. GA’s
research is supported by the U.S. Department of Agriculture,
Agricultural Research Service. KA’s research is supported by the
CGIAR Initiative on One Health (https://www.cgiar.org/initiative/
one-health/). KA thanks all funders who supported his research
through their contributions to the CGIAR Trust Fund: https://www.
cgiar.org/funders/.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Author disclaimer

Mention of trade names or commercial products in this
publication is solely for the purpose of providing specific
information and does not imply recommendation or endorsement
by the U.S. Department of Agriculture. USDA is an equal opportunity
provider and employer.

impact on tetracycline resistance genes. Antibiotics 11, 391. doi: 10.3390/
antibiotics11030391

Agga, G. E., Galloway, H. O., Appala, K., Mahmoudj, F., Kasumba, J., Loughrin, J. H.,
et al. (2023). Effect of continuous in-feed administration of tylosin to feedlot cattle on
macrolide and tetracycline resistant enterococci in a randomized field trial. Prev.
Veterinary Med. 215, 105930. doi: 10.1016/j.prevetmed.2023.105930

frontiersin.org


https://doi.org/10.3389/frabi.2023.1162636
https://doi.org/10.3389/frabi.2023.1162636
https://doi.org/10.3389/frabi.2023.1233698
https://www.cgiar.org/initiative/one-health/
https://www.cgiar.org/initiative/one-health/
https://www.cgiar.org/funders/
https://www.cgiar.org/funders/
https://doi.org/10.1371/journal.pone.0212510
https://doi.org/10.3390/antibiotics11030391
https://doi.org/10.3390/antibiotics11030391
https://doi.org/10.1016/j.prevetmed.2023.105930
https://doi.org/10.3389/frabi.2024.1436987
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org

Agga and Amenu

Agga, G. E,, Galloway, H. O., Netthisinghe, A. M. P., Schmidt, J. W., and Arthur, T.
M. (2022b). Tetracycline- resistant, third generation cephalosporin- resistant, and
extended spectrum beta-lactamase- producing Escherichia coli in a beef cow-calf
production system. J. Food Prot. 85, 1522-1530. doi: 10.4315/JFP-22-178

Agga, G. E,, Schmidt, J. W., and Arthur, T. M. (2016a). Antimicrobial-resistant fecal
bacteria from ceftiofur-treated and nonantimicrobial-treated comingled beef cows at a
cow-calf operation. Microb. Drug Resist. 22, 598-608. doi: 10.1089/mdr.2015.0259

Agga, G. E, Schmidt, J. W., and Arthur, T. M. (2016b). Effects of in-feed
chlortetracycline prophylaxis in beef cattle on animal health and antimicrobial-resistant
Escherichia coli. Appl. Environ. Microbiol. 82, 7197-7204. doi: 10.1128/AEM.01928-16

Allel, K, Day, L., Hamilton, A., Lin, L., Furuya-Kanamori, L., Moore, C. E,, et al. (2023).
Global antimicrobial-resistance drivers: an ecological country-level study at the human
animal interface. Lancet Planetary Health 7, €291-€303. doi: 10.1016/52542-5196(23)00026-8

Cameron, A., and McAllister, T. A. (2019). Could probiotics be the panacea
alternative to the use of antimicrobials in livestock diets? Benef. Microbes 10, 773-799.
doi: 10.3920/bm2019.0059

CDC. (2019). Antibiotic resistance threats in the United States 2019 (Atlanta, GA:
U.S. Department of Health and Human Services, U.S. Centers for Disease control and

Frontiers in Antibiotics

04

10.3389/frabi.2024.1436987

Prevention (CDC). Available online at: https://www.cdc.gov/antimicrobial-resistance/
data-research/threats/?CDC_AAref_Val=https://www.cdc.gov/drugresistance/Biggest-
Threats.html (Accessed June 01, 2024).

FAO. (2016). Drivers, dynamics and epidemiology of antimicrobial resistance
in animal production. Rome, Italy: Food and Agriculture Organization of the
United Nations.

Lancet, T. (2023). One Health: a call for ecological equity. Lancet 401, 169.
doi: 10.1016/S0140-6736(23)00090-9

Mettenleiter, T. C., Markotter, W., Charron, D. F., Adisasmito, W. B., Almuhairi, S.,
Behravesh, C. B, et al. (2023). The one health high-level expert panel (OHHLEP). One
Health Outlook 5, 18. doi: 10.1186/s42522-023-00085-2

Murray, C. J. L, Ikuta, K. S., Sharara, F., Swetschinski, L., Robles Aguilar, G.,
Gray, A., et al. (2022). Global burden of bacterial antimicrobial resistance in
2019: a systematic analysis. Lancet 399, 629-655. doi: 10.1016/S0140-6736(21)
02724-0

Robinson, T. P., Bu, D. P., Carrique-Mas, J., Févre, E. M., Gilbert, M., Grace, D., et al.
(2016). Antibiotic resistance is the quintessential One Health issue. Trans. R Soc. Trop.
Med. Hyg 110, 377-380. doi: 10.1093/trstmh/trw048

frontiersin.org


https://doi.org/10.4315/JFP-22&ndash;178
https://doi.org/10.1089/mdr.2015.0259
https://doi.org/10.1128/AEM.01928&ndash;16
https://doi.org/10.1016/S2542-5196(23)00026-8
https://doi.org/10.3920/bm2019.0059
http://www.cdc.gov/drugresistance/Biggest-Threats.html
http://www.cdc.gov/drugresistance/Biggest-Threats.html
http://www.cdc.gov/drugresistance/Biggest-Threats.html
https://doi.org/10.1016/S0140&ndash;6736(23)00090&ndash;9
https://doi.org/10.1186/s42522&ndash;023-00085&ndash;2
https://doi.org/10.1016/S0140&ndash;6736(21)02724&ndash;0
https://doi.org/10.1016/S0140&ndash;6736(21)02724&ndash;0
https://doi.org/10.1093/trstmh/trw048
https://doi.org/10.3389/frabi.2024.1436987
https://www.frontiersin.org/journals/antibiotics
https://www.frontiersin.org

	Editorial: Antimicrobial resistance in food-producing environments: a One Health approach
	Introduction
	AMR in beef cow-calf production system
	Standardized methods for the quantification of AMU in food animals
	Environmental dissemination of AMR from animal farms
	Probiotics as a source of antibiotic-resistant bacteria and genes
	AMR interventions
	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Author disclaimer
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


