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INTRODUCTION
Campylobacter is the most common bacterial cause of diarrhoeal
disease in the developed world. There were approximately 700,000
cases in the UK in 2010 with around 200 deaths. 

The current annual UK cost of acute Campylobacter infection is
around £600 million, exceeding that from Salmonella, Listeria and
E. coli O157 combined. 

The transmission pathways for ~50% of human cases are
unknown.  Around 40% of cases occur during the 'spring peak'. Yet
the relative roles of environmental and food pathways, and their
interaction, in this seasonal emergence are poorly understood, if at
all. 

To reach a breakthrough we face two important challenges. 

1. to develop innovative methods that incorporate environmental
and social systems to understand how they interact with
Campylobacter. 

2. to ensure these new methods capture the behaviours of both
humans and Campylobacter over different temporal and spatial
scales. 

AIMS
■ Identify the key reservoirs, environmental and social drivers of Campylobacter

that affect human disease;

■ Analyse seasonal variations in pathogen load and their impacts on exposure

and disease;

■ Understand the relative roles of the transmission pathways and thus points of

control;

■ Generate future projections of disease risk and its control.

OBJECTIVES
■ Identify how Campylobacters persist in the natural environment and how

environmental exposure influences their virulence; analyse the interaction

between Campylobacter populations and their environment; estimate the direct

and indirect contribution of environment and human behaviour on the risk of

human Campylobacter infection (Aim 1).

■ Analyse spatial and temporal variation in Campylobacter load in contrasting

rural environments to quantify seasonal variation in human exposure to

Campylobacter (Aim 2). 

■ Analyse the relative importance of different transmission pathways (recreation,

water, food, etc.) to humans; analyse risk perceptions of rural environment

users; analyse effectiveness, acceptability, costs and benefits of interventions

to reduce burden by estimating the current costs of Campylobacter disease;

analyse interventions and assess their acceptability (Aim 3).

■ Predict changes in disease burden due to environmental and/or social change;

predict how future changes in climate, land use, countryside visits, food

production and consumption will affect disease patterns and costs (Aim 4).

STUDY 1: Ecological analysis of patterns of risk using historical data 

■ Spatio-temporal variation in the incidence of human Campylobacter cases is determined by

interaction between seasonal patterns of livestock husbandry and weather that increases

environmental contamination and exposure; 

■ Seasonal variation in the incidence of Campylobacter depends on the seasonal pattern of

contaminated chicken consumption, socio-economic status of consumers and colonisation of

chicken by Campylobacter.

STUDY 2: The ecology of Campylobacter infection on farms
■ Animal production acts as a multiplier of

Campylobacter and livestock are a source of

contamination for the surrounding natural

environment, which is then the source of further

livestock infection; 

■ Microbial communities in the environment are

important in the ecology of Campylobacter; 

■ Ruminant Campylobacter strains are more

common in the environment and more widespread

than ones from intensively reared chickens.

STUDY 3: Landscape as a direct source of human exposure
■ Seasonal patterns in human Campylobacter cases arise from variation in patterns of human

exposure in the landscape, coinciding with seasonal variation in pathogen load arising from

variations in land use and weather; 

■ Members of the public do not perceive health hazards associated with countryside use; 

■ Throughout the year, children in rural areas are more frequently infected with Campylobacter from

the environment because they have more frequent contact with soils and water than do children in

urban areas; 

■ During the seasonal peak a higher proportion of human disease is caused by genotypes found in

the environment because of greater environmental exposure and higher levels excreted by

sources in the countryside.

STUDY 4: The economic costs of
Campylobacter and assessment
of interventions to reduce it

■ What are the economic costs of Campylobacter infection in the UK? 

■ What role could technical interventions in the food chain play in reducing

Campylobacter loads?

■ What is the relationship between the effectiveness of control measures and

their acceptability to producers and consumers? 

■ What is the extent of pathogen risk increasing behaviours in the food chain,

and how can their prevalence be gauged?

STUDY 5: Alternative Risk
Futures

■ Synthesise the outputs of all prior studies to produce

a unified model of both indirect (food chain) and

direct (environment) Campylobacter transmission to

people.

■ Develop a risk progression model encapsulating all

risk factors associated with the environment and

dietary exposure to identify those features of the

transmission pathway most amenable to intervention.

■ Identify the extent to which changes in the

environment that might arise because of global

climate and land use change affect disease

prevalence and our ability to control disease.

■ Consider appropriate policy responses.
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Figure 1:  Relative risk for Campylobacter infection in populations
delineated by outgoing postcode sectors in NE England,
winter months 2004-2008.

Figure 3: Seasonality of Campylobacter cases in the under 5s, urban and rural
populations, Scotland (2000 – 2006)

Figure 2: Campylobacter transmission cycles

Environmental sampling: pilot study

The research team carried out a pilot study of environmental sampling using boot socks in February 2011.  The boot socks withstood 2 hours of fell-walking.

From subsequent microbiological analysis of the boot socks 3 out of 7 were positive for C. jejuni.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

30

25

20

15

10

5

0

Rural

Urban

0-4+ years

In
ci

d
en

ce
 (

C
as

es
/1

00
,0

00
)

ACKNOWLEDGEMENTS
This work is supported by the MRC, BBSRC, ESRC and NERC
under the Environmental & Social Ecology of Human Infectious
Diseases (ESEI) programme. Grant reference: G1100799/1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


