
Chapter 13

Infectious Diseases Under the Influence

of Changing Environmental Factors

Franz J. Conraths and Thomas C. Mettenleiter

Abstract Changing environmental conditions are not only the result of the direct

impact of climate change, but represent also the consequences of migration,

urbanisation and the globalisation of trade and human mobility. In consequence,

changes in the occurrence of infectious diseases in humans and animals ensue.

Several infectious diseases which were hitherto considered “exotic” in Europe have

largely lost this feature and can now occur nearly everywhere. These include a

number of arthropod-borne diseases such as Bluetongue, which mainly affects

ruminants, West Nile Fever in humans, horses and birds, as well as Chikungunya

Fever in humans. There is a trend towards a global spread of Dengue Fever and

Japanese Encephalitis, associated with extension of the habitats of the respective

arthropod vectors. In addition, transportation of animals and products of animal

origin has caused the spread of animal diseases, notably of Rift Valley Fever from

Africa to the Arabic peninsula and of African Swine Fever from East Africa into the

Caucasus region where it shows a clear tendency of spreading in a northerly and

westerly direction. Therefore, we propose to stop using the term “exotic” for these

diseases, because infections that are today considered “exotic”, may tomorrow be

part of our daily life.
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13.1 Introduction

Humans and animals have always been exposed to infectious diseases. Environmen-

tal factors and anthropogenic activities have influenced their distribution in the past

and continue to do so. Areas in southern Europe, for example, were endemic for

malaria and yellow fever until the early twentieth century. Animal diseases, which

are today considered “exotic”, such as Rinderpest, now close to global extinction,

led two centuries ago to the introduction of veterinary measures which are still valid

today, like veterinary certificates and movement restrictions. Because of the imple-

mentation of these regulations and further measures including herd hygiene and

immune prophylaxis, control of infectious animal diseases improved. However, the

debate over future influenza pandemics, irrespective of their cause (H5N1‚ “bird

flu” or H1N1‚ ”swine flu” or any other influenza virus), clearly illustrates the threat

which infectious diseases still pose today. Two-thirds of the infectious diseases that

emerged in the past 20 years had their origin in animals, i.e. represent zoonotic

infections (Jones et al. 2008). Obviously, also the “new” pandemic influenza virus

A/H1N1 originated in an animal host reservoir. However, the role of wildlife as

a reservoir for particular pathogens is often largely unknown and the risk of trans-

mission of the infections into the human population difficult to assess.

Increasing urbanisation in the absence of appropriate infrastructure, inadequate

medical care and veterinary surveillance in particular in crisis regions, flight,

migration and the progressive destruction of habitats lead to alterations in the

exposure of humans and animals to several pathogens (Woodhouse 2008).

Globalisation, including world-wide trade and travel, facilitates the introduction

of pathogens from remote countries over large distances within short periods of

time (Mettenleiter and B€ohle 2008).
Changing environmental factors also modulate the exposure to pathogens. The

increasing number of cases of tick-born encephalitis in Germany until 2007 can be

attributed equally to the expansion of tick vector habitats, to an increase in tick

activity due to climate change and to the altered leisure behaviour of humans, in

particular outdoor activities. The outbreaks of infections with highly pathogenic

avian influenza virus of the subtype H5N1, which was first described in Hong Kong

in 1997, in Europe in spring 2006, showed how fast “exotic” infections can spread

and establish themselves under favourable conditions. This also applies to Blue-

tongue disease, which was originally endemic in Africa, but occurred in central

Europe for the first time in history in August 2006, and was rapidly transmitted by

indigenous Culicoides spp. (Mehlhorn et al. 2007; Hoffmann et al. 2009). In the

following, several examples of the recent past are presented.

13.2 Bluetongue Disease

Bluetongue is mainly a disease of ruminants, but affects also camelids. It is caused

by an orbivirus (bluetongue virus [BTV], family Reoviridae), which is transmitted

by biting midges of the genus Culicoides. At least 24 serotypes of BTV have been
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described. Bluetongue has spread along with its main “African” vector Culicoides
imicola into the European part of the Mediterranean basin since the mid 1990s,

possibly due to the expansion of the habitat range of C. imicola caused by long-term
climatic changes (Purse et al. 2005). Nevertheless, the occurrence of BTV in

Belgium, Germany and the Netherlands in August 2006 was unexpected. Not

only had Bluetongue never before occurred in central Europe, but the serotype

8, which had caused the infections, had never been detected in Europe at all.

C. imicola, the prime vector of Bluetongue in Africa and the Mediterranean, was

not found in Central Europe despite intensive monitoring. This suggested

that indigenous biting midges were capable of transmitting BTV-8 effectively.

Comprehensive entomological studies showed that biting midges with a Palaearctic

distribution, in particular members of the C. obsoletus complex, represent compe-

tent vectors for BTV-8 (Hoffmann et al. 2009). It remains unclear, however,

whether the extreme weather conditions observed in summer 2007, when

temperatures exceeded the long-term averages considerably, had an essential effect

on establishment and spread of the disease in a region of temperate climate. The

available data suggest, however, that increased temperatures may have triggered the

Bluetongue epidemic after initial introduction of BTV, and led to a lasting, perhaps

irreversible, establishment of the disease in central Europe (Conraths et al. 2010).

The fact, that vaccines against BTV-8 became available just before or at the

beginning of the Bluetongue transmission season in 2008, reduced the incidence

and the economic losses caused by the disease considerably (Conraths et al. 2008).

However, a few infections with BTV serotypes 6 and 11 were also detected,

possibly due to illegal use of life vaccines. By contrast, the northward spread of

BTV-1 from southern France to regions bordering Germany raised concern that this

serotype might also establish in Germany. In conclusion, it has become obvious that

a disease which had never occurred in central Europe until 2006 seemed suddenly

to be in the process of establishing itself permanently in this region.

13.3 African Horse Sickness

African Horse Sickness (AHS) is transmitted in Africa by the same vectors

as Bluetongue. AHS virus, of which nine different serotypes are known, is a close

relative of BTV. Zebras represent the prime reservoir for AHS. Normally, infections

in zebras remain asymptomatic or subclinical, or lead to only mild symptoms. By

contrast, horses develop a severe, acute or peracute disease associated with high

mortality. Historically, AHS has been endemic mainly in central Africa fromwhere it

spread to northern Africa and Europe. At least some introductions of AHS were due

to the import of infected zebras into European zoos. Fortunately, the virus has

not established itself in Europe so far. It cannot be excluded, however, that biting

midges transmitting BT in central Europe can also spread AHS, which could lead to

an epidemic of AHS similar to the one that occurred with BTV-8. Consequently, the

European Commission has established a vaccine bank for AHS for rapid use to
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contain any primary AHS outbreak. It remains to be seen if this strategy is

successful in the case of an emergency.

13.4 Chikungunya Fever

Chikungunya infections are caused by an alphavirus from the family Togaviridae.

The virus was first described in East Africa in 1952 and remained confined to the

African continent for a long time. Since 2005 it spread eastwards into countries

around the Indian Ocean and to Indonesia. In the meantime, almost the entire

territory of Southeast Asia is endemically affected (Enserink 2008). The virus is

transmitted by mosquitoes of the genus Aedes. It is important to note that the Asian

tiger mosquito or forest day mosquito, Aedes albopictus, has been spreading

massively in recent years. It has reached Africa, America and southern Europe

(Enserink 2008). Consequently, the first Chikungunya epidemic in Europe occurred

in Italy in the region of Rimini-Ravenna during summer 2007. The virus had been

introduced by an infected tourist from India and was spread by A. albopictus, which
had already established itself in the region. Although there were no further cases in

2008, it cannot be excluded that the infection may re-occur in this region as the

virus is transmitted transovarially. It is also possible, however, that vector control

programmes, which were started immediately, could have diminished the vector

population under the critical limit.

13.5 African Swine Fever

African Swine Fever (ASF) is caused by a large double-stranded DNA virus of the

family Asfarviridae. It occurs primarily in sub-Saharan Africa, where it has its

reservoir in warthogs and bush pigs. For these animals, the ASF virus is harmless,

while domestic pigs are highly susceptible to ASF. Leather (soft) ticks of the genus

Ornithodoros can transmit ASF, but the disease is also spread by direct contact.

Ornithodoros moubata, the prime vector in south-eastern Africa (Madagascar,

Mozambique, Zambia), usually lives in burrows made by the warthog, where it

relies on this animal for its blood meals and can transmit ASF virus.

Until recently, the only existing focus in Europe was on the Italian Island of

Sardinia. In 2007, the disease was first detected in domestic pigs in Georgia, spread

rapidly in the Caucasus region and into southern Russia, where wild boar contracted

the infection with the result of the potential formation of a reservoir in this wildlife

species.

The virus was probably introduced via the harbour of Poti on the Black Sea

by ship from East Africa, since the virus found in the Caucasus region shows

the highest degree of homology with isolates from East Africa. Transmission to

domestic pigs may have occurred through food waste of porcine origin deposited on
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dumps outside Poti, where the contaminated material was apparently accessible

to free-ranging pigs. In the Caucasus, ASF seems to be primarily transmitted by

direct contact. It appears that ticks do not play a role in the transmission of the

disease in this region.

Although domestic pigs and wild boar are usually highly susceptible to ASF

and die with haemorrhagic symptoms, the persistence of ASF virus in the swine

population cannot be excluded, as the disease situation on the island of Sardinia has

shown. In the meantime, the infection has spread westwards towards the Crimean

peninsula and northwards towards Siberia. In October 2009, ASF was detected

close to St. Petersburg in northern Russia, approximately 2,000 km away from the

region where the disease had occurred before in the Russian Federation.

Rapid eradication of the disease in these regions is unlikely, since there is no

vaccine against ASF, and only the systematic culling of potentially infected animals

remains to control the disease. However, due to the rural farming conditions in the

Caucasus, a systematic culling strategy is difficult to implement, with the conse-

quence that a new endemic focus of ASF may have been established in this region.

13.6 West Nile Fever

The family Flaviviridae contains a number of viruses causing important diseases

in humans or animals, such as Yellow Fever and Dengue as human infections, and

zoonotic viruses, causing for example Japanese Encephalitis, Tick-borne

encephalitis and West Nile Fever (WNF). West Nile Fever virus (WNV) was

first detected in the West Nile district of Uganda, Africa, in 1937. WNV is an

arbovirus (‘arthropod-borne’) as it is transmitted by blood-feeding arthropods.

It has long been present in large areas of Asia, Eastern Europe, Africa and Australia,

but gained centre stage in 1999, when it suddenly occurred in New York, USA,

causing widespread deaths among corvids, in particular American crows (Corvus
brachyrhynchos), and birds of prey as well as infections in humans and horses,

some of which were lethal. In the meantime, the virus has spread over the entire

North-American continent and is continuing to expand into South America. In Europe,

cases of WNF were recorded in birds, horses and humans in France, Romania,

Hungary and Italy in the past decade. Infections detected in wild birds (mainly

raptors) in Austria in 2008 may suggest that the virus is spreading northwards.

Wild birds represent the natural reservoir of the virus which is mainly transmit-

ted by mosquitoes of the genus Culex. Several Culex spp. occurring in central

Europe, such as C. pipiens, may be capable of transmittingWNV. Infections in wild

birds normally remain asymptomatic, although some bird species, for instance

crows and some birds of prey, can develop severe disease and die in large numbers

upon infection with WNV. Horses and humans represent dead-end hosts. They

become infected by mosquitoes which blood-feed on birds and mammals. The spread

of WNF via Hungary to Western Austria suggests that WNV may also invade

Germany. While a vaccine for horses has been registered in Europe, vaccines for
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humans are not available yet. Thus, WNF may have become established as another

arbovirus infection in Europe. However, our knowledge on the factors that deter-

mine the spread of WNF in Europe is still sparse.

13.7 Conclusions

Alterations in environmental conditions such as climate change, globalisation in

trade and human mobility, urbanisation on the one hand, and increasing contact

with wildlife on the other hand have a major impact on the spread of infectious

diseases. The term “exotic disease” has therefore become inappropriate as

virtually every disease can be rapidly introduced from anywhere on the globe

into our region. To improve risk assessments, a better knowledge of the impact of

the different parameters mentioned above on the spatial distribution of infectious

agents and their vectors, where applicable, is required. Our understanding of the

reservoir function of wildlife for various pathogens needs to be improved with

research focussing on the biology and epidemiology of infectious agents and

their vectors, including the causative agents of those diseases which have so far

been regarded as “exotic”. It is necessary to establish science-based prevention

and control strategies, preferably prior to the arrival of the respective pathogens

and their vectors in our region.

References

Conraths FJ, Gethmann J, Staubach C, Mettenleiter TC, Beer M, Hoffmann B (2008) Epidemiology

of bluetongue virus serotype 8, Germany. Emerg Infect Dis 15:433–435

Conraths FJ, Gethmann JM, Hoffmann B, Beer M, Kramer M, Staubach C (2010) Impact of

climate change on orbivirus infection. Nova Acta Leopoldina 381:93–98

Enserink M (2008) A mosquito goes global. Science 320:864–866

Hoffmann B, Bauer B, Bauer C, B€atza H-J, Beer M, Clausen P-H, Geier M, Gethmann J, Kiel E,

Liebisch G, Liebisch A, Mehlhorn H, Schaub G, Werner D, Conraths FJ (2009) Large scale

monitoring of putative vectors of BTV-8 in Germany. Emerg Infect Dis 15:1481–1484

Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman J, Daszak P (2008) Global trends

in emerging infectious diseases. Nature 451:990–993

Mehlhorn H, Walldorf V, Klimpel S, Jahn B, Jaeger F, Eschweiler J, Hoffmann B, Beer M (2007)

First occurrence of Culicoides obsoletus-transmitted Bluetongue virus epidemic in Central

Europe. Parasitol Res 101:219–228, Erratum in: Parasitol Res 101:833–834

Mettenleiter TC, B€ohle W (2008) Erregerbedingte Erkrankungen unter ver€anderten Umweltbe-

dingungen. Arch Tierz (Dummerstorf) 51:49–56

Purse BV, Mellor PS, Rogers DJ, Samuel AR, Mertens PP, Baylis M (2005) Climate change and

the recent emergence of bluetongue in Europe. Nat Rev Microbiol 3:171–181

Woodhouse MEJ (2008) Emerging diseases go global. Nature 451:898–899

258 F.J. Conraths and T.C. Mettenleiter


	Chapter 13: Infectious Diseases Under the Influence of Changing Environmental Factors
	13.1 Introduction
	13.2 Bluetongue Disease
	13.3 African Horse Sickness
	13.4 Chikungunya Fever
	13.5 African Swine Fever
	13.6 West Nile Fever
	13.7 Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


