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Agriculture is heavily reliant on insects for food production. In fact, at least a third of all

crops rely on pollination (Klein et al., 2007). Paradoxically, as agriculture becomes more

intensive and the need for pollinators increases, modern agricultural practices also reduce bee

populations through application of pesticides and intensive land use (Klein et al., 2007; Aizen

and Harder, 2009; Gallai et al., 2009). This increased demand and concurrent declining bee

health have led to a ‘pollination crisis’ (Holden, 2006; Goulson et al., 2015). Bee diseases and

pests have become a major limiting factor in the effort to provide the large numbers of strong

honey bee colonies that are now required, greatly increasing costs for beekeepers and hive

rental fees for farmers (Genersch, 2010; Traynor et al., 2020).

Besides honey bees, there are over 20,000 other bee species (Engel et al., 2020). The non-

Apis bees are often wonderfully diverse in form and function, worthy of conservation and

preservation in their own right. For example, the re-discovery of Wallace’s Giant Bee,

Megachile pluto, or the Dodo of the bee world, provides new challenges for conservation

(Vereecken, 2018). The contribution of many non-Apis bees to pollination is substantial,

though often much less appreciated. Additionally, the interaction of other bee species and

honey bees can have synergistic benefits for pollination services, resulting in higher fruit-set

and productivity (Brittain et al., 2013).

In this article we briefly review the major stressors and health issues for bees. Improving

the protection and health of honey bees, and the many thousands of other bee species, is a

major global challenge and is the goal for this journal section.
Major stressors and mortality factors for honey bees

Western honey bee colony losses vary widely year-to-year, but are generally becoming

worse. Annual honey bee colony loss surveys show considerable variation in temporal and

spatial rates of colony loss as well as in the contributing factors. Varroa destructor mites and

the viruses these parasites spread are now considered the greatest contributor to these losses,

though queen problems, a lack of natural food sources, and new pests also play substantial

roles (Brown et al., 2016; Stahlmann-Brown et al., 2022).

Modern agriculture and human transformation of much of the landscape have greatly

impacted both honey bees and the numerous species of solitary and social bees around the

globe. A “web of stressors can act indirectly, in association, or synergistically”, negatively

affecting bee health (Goulson et al., 2015; Steinhauer et al., 2018). These stressors vary around

the globe, changing over time, which was highlighted in a recent study that demonstrated

both a dramatic decline in honey bee lifespan and an associated decline in the average

amount of honey production per colony each year over the last five decades in the USA
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(Nearman and vanEngelsdorp, 2022). Understanding and untangling

this web of stressors to reduce colony losses and improve honey bee

health remains a substantial challenge. Pronouncements of a ‘colony

collapse syndrome’ and ‘pollinator declines’ go hand-in-hand with

conclusions that the world is experiencing insect declines that result

from multiple anthropogenic pressures that often interact (Goulson

et al., 2015; Goulson, 2019). Contributing factors include land-use

intensification, with habitat loss to agriculture and urban

development, the spread of invasive species and diseases, and

pesticides (Cox-Foster et al., 2007; Vanbergen et al., 2013; Goulson

et al., 2015).

Until recently, the types of agricultural chemicals that were

considered dangerous for bees were mainly restricted to

insecticides. Fungicides have generally been deemed safe for use on

flowering crops when bees are present. Unfortunately, their negative

impacts on bee health are becoming increasingly evident, both

through mortality of commensal microorganisms (Yoder et al.,

2013; Motta et al., 2018) and direct effects on bee metabolism,

including mitochondrial respiratory inhibition (Nicodemo

et al., 2020).

Climate change is affecting bee populations worldwide, with

predicted increasing losses of vital pollinators (Giannini et al.,

2012). Widespread decline of bumble bees on various continents

due to such changes has already been well documented (Soroye et al.,

2020). Climate change could also result in range expansion of invasive

species that affect bees, such as the small hive beetle (Aethina tumida)

(Cornelissen et al., 2019).

Considerable geographic differences in the predominant stress

factors have been reported. Honey bee populations in Brazil and other

regions of Latin America experience different rates of loss from a

diverse array of factors, when compared to North America, Europe,

and Asia (De La Rúa et al., 2009; Cornman et al., 2012; Maggi et al.,

2016). In regions where Africanized bees predominate, the Varroa

mite is not a major cause of bee mortality and treatment is normally

not needed (De Jong et al., 1982; Moretto et al., 1991; Dias de Freitas

et al., 2022). Pesticides have been cited as the main mortality factor for

honey bees and other bees in Brazil (Castilhos et al., 2019).

Approaches to protect honey bees in these regions therefore would

be different from what is necessary in Europe and North America. In

the Middle East and Asia, other challenges to honey bee health are

emerging. For example, the parasitic mite Tropilaelaps mercedesae

and related species are continuing to spread (Chantawannakul et al.,

2018). Originally a parasite of the Asian giant honey bee, Tropilaelaps

spp. are now associated with colony losses in Western honey bees and

are a major potential threat for bees in other regions of the world. In

some countries, such as China, sacbrood virus is a key problem (Ai

et al., 2012), and chronic bee paralysis virus is cited as a serious

emerging threat to honey bees in England and Wales (Budge et al.,

2020). It is clear that invasive species, including mites and small hive

beetles, as well as the many different bee virus genotypes and their

international movement, can become major issues for honey

bee health.

The future consequences of these stressors and consequent

pollinator declines are predicted to be dire. Potts et al. (2010)

concluded that these “pollinator declines can result in loss of

pollination services, which have important negative ecological and

economic impacts that could significantly affect the maintenance of
Frontiers in Bee Science 02
wild plant diversity, wider ecosystem stability, crop production, food

security and human welfare”.
Protection and health of other
bee species

Other eusocial and solitary bees suffer both similar and different

challenges. Bees have experienced reductions in species diversity and

richness, as part of and along with the decline of entire arthropod

communities (Potts et al., 2010; Goulson et al., 2015). These declines

are a problem in their own right, but also impact on agricultural

production as a diverse bee community can provide pollination or

biological insurance when honey bee populations decline (Winfree

et al., 2007).

Some of the best available data on the challenges that non-Apis

bee pollinators face comes from studies of bumble bees. Bumble bee

species in Europe have experienced substantial range contractions

and frequent localized extinction, with four species having gone

extinct (Goulson et al., 2015). Similarly in North and South

America, there has been a decline and range contraction in native

bumble bee populations (Cameron and Sadd, 2020). Many of the

contributors to honey bee colony losses also affect bumble bees

(Goulson, 2019). The relationship between disease in honey bees

and bumble bees is often positive and strong (Furst et al., 2014;

McMahon et al., 2015; Cameron and Sadd, 2020; Piot et al., 2022).

The same factors of habitat loss, pathogens, invasive species, climate

change, and pesticides that affect honey bees, can negatively impact

bumble bee health (Cameron and Sadd, 2020) and many other bee

species. In another example of the vulnerability of other bee species,

social stingless bees depend heavily on associated microorganisms for

their nutrition, metabolism, and survival (Menezes et al., 2015; Paludo

et al., 2019). As in honey bees, fungicides used in agriculture can

impact the microorganisms that these native pollinators require for

their survival. Nevertheless, since they are more easily monitored,

honey bees can serve as sentinels for detecting mortality factors that

also affect native bees (Wood et al., 2020).

The health problems of other bee species often, however, can

contrast with those in honey bees. Stingless bee colonies in Brazil

experience various different mechanisms of loss (Freitas et al., 2009;

Dias de Freitas et al., 2022). The increasing popularity of many of the

hundreds of species of social stingless bees found in subtropical and

subtropical regions of the world and the resulting intensive

management of the colonies, both for pollination and for producing

honey, has resulted in new disease and pest problems that require

study (Menezes et al., 2009; Toledo-Hernández et al., 2022). In

addition, pesticides sometimes affect solitary or non-Apis bees to a

greater extent than honey bees. For example, in a Swedish study,

neonicotinoids negatively affected solitary and bumble bee species but

had no observed effect on honey bees (Rundlof et al., 2015).

Consequently, we cannot always manage honey bee and non-Apis

species with the same broad strategies.

It is worth noting that efforts to enhance introduced bee

populations might come at the expense of negatively impacting

native bees (Iwasaki and Hogendoorn, 2021). Not only can honey

bees or bumble bees that are introduced for commercial purposes
frontiersin.org
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transmit disease to native bees (McMahon et al., 2015; Cameron and

Sadd, 2020), they are often highly competitive. This competition can

negatively affect native pollinators and the plants they pollinate

(Geslin et al., 2017). Thus, in some areas there may well be a

tension or a dilemma concerning introduced honey bees or bumble

bees. Will our efforts to enhance honey bee supplies come at the cost

of native bees and other pollinators? Nevertheless, the premise that

introduced honey bees will typically negatively impact native bees and

consequently pollination services is controversial and has proven not

to always to be the case (Moritz et al., 2005). When Africanized bees

advanced north from Brazil and became the main type of honey bee in

Central America, there were similar concerns. However, coffee

production increased significantly throughout this region with their

arrival, and there appeared to be a benefit from increased activity of

honey bees in synergy with native bee pollinators (Roubik, 2002).
The continuing challenges for bee
protection and health

To meet the increasing demand for strong hives to pollinate

crops, beekeepers have been obliged to spend considerably more on

treatments for bee diseases and pests, such as foulbrood and Varroa

mites (Baylis et al., 2021). Throughout much of the world, without

such treatments, it is considered impossible to keep Western honey

bee colonies alive. Compounding this problem, Varroa populations

are increasingly showing resistance to acaricides, resulting in bee

losses (Traynor et al., 2020). There is a need for alternative pest

control options. New options that are being considered include gene

silencing or RNAi approaches (Garbian et al., 2012; Leonard et al.,

2020), and even genetic modification of bee gut bacteria (Moran and

Sloan, 2015) and Varroa (Faber et al., 2021).

We need means to combat starvation and bee diet issues,

especially as the effects of parasites and pathogens can be

compounded by poor nutrition (Dolezal and Toth, 2018). To meet

the heightened demand for bees in recent years, beekeepers have

considerably increased their investment in protein diet supplements,

including diet additives that purportedly help keep bees healthy (De

Jong et al., 2009; Brodschneider and Crailsheim, 2010; Turcatto et al.,

2018; Noordyke and Ellis, 2021; Ricigliano et al., 2022). As an

additional input in the effort to improve bee health, probiotics for

bees have recently become available (Dharampal et al., 2019; Borges

et al., 2021), which makes sense given the ubiquity and apparent

benefits of bacterial associates found in nectar, pollen, bee guts, and

their stored food (Anderson et al., 2013), though their utility has not

yet been proven.

Ideally, beekeepers would prefer to have bees that do not require

chemical and other control measures to keep their colonies alive and

productive. Besides simplifying management and avoiding the costs

for such controls, honey bee products that are not contaminated by

disease and pest control chemicals are considerably more valuable

and acceptable for the market. However, throughout much of the
Frontiers in Bee Science 03
world, efforts to breed bees for resistance to major bee pests, such as

the Varroa mite (Büchler et al., 2010; Rinderer et al., 2010), are yet to

provide consistently viable alternatives that can be widely applied for

commercial and hobby beekeeping (von Virag et al., 2022), even

though some local populations of European bees have demonstrated

the ability to survive Varroa infestations without the need for

acaricides or other treatment options (Seeley, 2007; de Mattos et al.,

2016; Oddie et al., 2018). Also, Africanized bees in Brazil and various

other regions of Latin America normally do not require any chemical

controls for Varroa (De Jong, 1996; Rosenkranz, 1999; Martin and

Medina, 2004; Tibatá et al., 2021). Studies of these examples of

naturally occurring tolerance or resistance to Varroa infestations

could be useful to help find alternatives that will work for

beekeeping worldwide.

Many challenges remain for improving bee health. Protecting

bees will require a joint effort by beekeepers, scientists, and public

institutions, to help ensure that the bees will continue to prosper

and provide us and nature with their essential services. It is our

hope and goal that the ‘Bee Protection and Health’ section of the

new journal “Frontiers in Bee Science” will be a productive

vehicle to help focus on bee protection, so that bees can

continue their vital roles in ecosystems and agriculture around

the globe.
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Moretto, G., Gonçalves, L. S., De Jong, D., and Bichuette, M. Z. (1991). The effects of
climate and bee race on Varroa jacobsoni oud infestations in Brazil. Apidologie 22, 197–
203. doi: 10.1051/apido:19910303

Moritz, R. F. A., Härtel, S., and Neumann, P. (2005). Global invasions of the western
honeybee (Apis mellifera) and the consequences for biodiversity. Écoscience 12, 289–301.
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C., Toribio-Jiménez, J., Romero-Ramı ́rez, Y., et al. (2022). The stingless bees
(Hymenoptera: Apidae: Meliponini): a review of the current threats to their survival.
Apidologie 53, 8. doi: 10.1007/s13592-022-00913-w

Traynor, K. S., Mondet, F., de Miranda, J. R., Techer, M., Kowallik, V., Oddie, M. A. Y.,
et al. (2020). Varroa destructor: a complex parasite, crippling honey bees worldwide.
Trends Parasitol. 36 (7), 592–606. doi: 10.1016/j.pt.2020.04.004

Turcatto, A. P., Lourenço, A. P., and De Jong, D. (2018). Propolis consumption ramps
up the immune response in honey bees infected with bacteria. Apidologie 49 (3), 287–296.
doi: 10.1007/s13592-017-0553-z

Vanbergen, A. J., Baude, M., Biesmeijer, J. C., Britton, N. F., Brown, M. J. F., Bryden, J.,
et al. (2013). Threats to an ecosystem service: pressures on pollinators. Front. Ecol.
Environ. 11 (5), 251–259. doi: 10.1890/120126

Vereecken, N. J. (2018). Wallace’s giant bee for sale: implications for trade regulation
and conservation. J. Insect Conserv. 22 (5-6), 807–811. doi: 10.1007/s10841-018-0108-2

von Virag, A., Guichard, M., Neuditschko, M., Dietemann, V., and Dainat, B. (2022).
Decreased mite reproduction to select Varroa destructor (Acari: Varroidae) resistant
honey bees (Hymenoptera: Apidae): Limitations and potential methodological
improvements. J. Econ. Entomol. 115, 695–705. doi: 10.1093/jee/toac022

Winfree, R., Williams, N. M., Dushoff, J., and Kremen, C. (2007). Native bees provide
insurance against ongoing honey bee losses. Ecol. Lett. 10 (11), 1105–1113. doi: 10.1111/
j.1461-0248.2007.01110.x

Wood, T. J., Michez, D., Paxton, R. J., Drossart, M., Neumann, P., Gérard, M., et al.
(2020). Managed honey bees as a radar for wild bee decline? Apidologie 51, 1100–1116.
doi: 10.1007/s13592-020-00788-9

Yoder, J. A., Jajack, A. J., Rosselot, A. E., Smith, T. J., Yerke, M. C., and Sammataro, D.
(2013). Fungicide contamination reduces beneficial fungi in bee bread based on an area-
wide field study in honey bee, Apis mellifera, colonies. J. Toxicol. Environ. Health A. 76,
587–600. doi: 10.1080/15287394.2013.798846
frontiersin.org

https://doi.org/10.1038/s41598-022-05603-2
https://doi.org/10.1038/s41598-022-05603-2
https://doi.org/10.1016/j.tree.2010.01.007
https://doi.org/10.1186/s12917-022-03151-5
https://doi.org/10.1051/apido/2010015
https://doi.org/10.1051/apido/2010015
https://doi.org/10.1051/apido:19990206
https://doi.org/10.1038/417708a
https://doi.org/10.1038/nature14420
https://doi.org/10.1051/apido:2006055
https://doi.org/10.1126/science.aax8591
https://doi.org/10.1126/science.aax8591
https://doi.org/10.3390/insects13070589
https://doi.org/10.3390/insects13070589
https://doi.org/10.1016/j.cois.2018.02.004
https://doi.org/10.1371/journal.pone.0244906
https://doi.org/10.1007/s13592-022-00913-w
https://doi.org/10.1016/j.pt.2020.04.004
https://doi.org/10.1007/s13592-017-0553-z
https://doi.org/10.1890/120126
https://doi.org/10.1007/s10841-018-0108-2
https://doi.org/10.1093/jee/toac022
https://doi.org/10.1111/j.1461-0248.2007.01110.x
https://doi.org/10.1111/j.1461-0248.2007.01110.x
https://doi.org/10.1007/s13592-020-00788-9
https://doi.org/10.1080/15287394.2013.798846
https://doi.org/10.3389/frbee.2023.1118292
https://www.frontiersin.org/journals/bee-science
https://www.frontiersin.org

	The global challenge of improving bee protection and health
	Major stressors and mortality factors for honey bees
	Protection and health of other bee species
	The continuing challenges for bee protection and health
	Author contributions
	Funding
	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


