
The vector- and rodent-borne diseases of Europe
and North America: their distribution and public
health of burden

There are a significant number of diseases carried by insects such as

mosquitoes or sand flies or by ticks, mites and rodents, and these are far more

common than is often realized. New diseases are constantly being discovered

and are becoming more widely distributed with the increase in travelling, to

and from tropical, disease-endemic countries. Here, Norman Gratz (former

Director, Division of Vector Biology and Control, World Health Organization),

reviews the distribution of the vector and rodent-borne diseases in Europe, the

USA and Canada; their incidence and prevalence, their costs and hence their

public health burdens are detailed, and their arthropod vectors and rodent

reservoir hosts described. Armed with such information, the individual

clinician is more likely to have a degree of epidemiological suspicion that will

lead to an earlier diagnosis and correct treatment of these infections. Equally,

authorities will more readily understand the measures necessary to control

this group of infectious agents.

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


The vector- and
rodent-borne
diseases of Europe
and North
America: their
distribution and
public health
burden

Norman G. Gratz
World Health Organization, Geneva

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


c ambr idge univers i t y press
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, S̃ao Paulo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 2RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521854474

C© Cambridge University Press 2006

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without
the written permission of Cambridge University Press.

First published 2006

Printed in the United Kingdom at the University Press, Cambridge

A catalogue record for this publication is available from the British Library

ISBN-13 978-0-521-85447-4 hardback
ISBN-10 0-521-85447-4 hardback

Cambridge University Press has no responsibility for the persistence or accuracy of URLs for
external or third-party internet websites referred to in this publication, and does not
guarantee that any content on such websites is, or will remain, accurate or appropriate.

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Contents

Acknowledgements xi

Tribute to the author, Norman Gratz xii

Preface xiii

1 Introduction 1

Part I The vector- and rodent-borne diseases of Europe

2 Vector and rodent-borne diseases in European history 5

3 The arboviruses 9

4 The mosquito-borne arboviruses of Europe 10

West Nile Virus 10
Batai virus (Calovo virus) 24
Ockelbo virus 24
Inkoo virus 27
Tahyna virus 27
Usutu virus 28
Dengue virus 30

5 Mosquito-borne diseases of Europe -- malaria 33

Recrudescence of autochthonous malaria in Europe 34
The problem of imported malaria in Europe 37
Imported malaria in other countries of Europe 49
Airport malaria 49

v

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


vi Contents

6 Mosquito-borne filarial infections 52

The public health importance of dirofilariasis 53

7 Sandfly-borne diseases 55

Sandfly-borne diseases -- viruses 55
Sandfly fever in Europe 55
Sandfly-borne diseases -- Leishmaniasis 57
Distribution and incidence of visceral leishmaniasis 58
Cutaneous leishmaniasis 67
Leishmaniasis/HIV 68
The sandfly vectors of leishmaniasis in Europe 70
Conclusions on the public health importance of leishmaniasis
in Europe 72

8 Ceratopogonidae -- biting midge-borne diseases 74

9 Dipteran-caused infections -- myiasis 75

10 The flea-borne diseases 78

Plague 78
Flea-borne rickettsial diseases 78
The ELB agent 80
Cat scratch disease 81

11 The louse-borne diseases 83

Louse-borne rickettsial diseases 83
Trench fever 84
Louse-borne relapsing fever 86
Body louse infestations 86
Head louse infestations 86
Pubic louse infestations 87

12 Tick-borne diseases of Europe 89

Tick-borne viruses 89
Bhanja virus 107
Thogoto virus 108
Dhori virus 108
Tribec virus 109
Tettnang virus 109
Eyach virus 109
Tick-borne bacterial infections 110

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Contents vii

Tick-borne relapsing fever 110
Lyme disease 111
Tick-borne rickettsial infections 134
Other spotted fever rickettsiae in Europe 136
Ehrlichiosis 140
Q Fever 141
Babesiosis 144
The public health importance of babesiosis 145
Tularaemia 146
Tick paralysis 148

13 Mite-borne infections and infestations 149

Scabies 149
Rickettsial pox 151
Mites and allergies 151

14 Cockroaches and allergies 154

15 Vector-borne disease problems associated with introduced
vectors in Europe 156

16 Factors augmenting the incidence, prevalence and distribution
of vector-borne diseases in Europe 159

Ecological changes 159

17 The potential effect of climate change on vector-borne
diseases in Europe 161

18 The rodent-borne diseases of Europe 163

The hantaviruses 163
Puumala virus 164
Dobrava virus 167
Saaremaa virus 168
Lymphocytic choriomeningitis virus 168
Bacterial diseases 169
Rat bite fever 170
Rodent-borne salmonellosis 171
Protozoal diseases 172
Rodent-borne cestode infections 173
Rodent-borne nematode infections 175
Conclusions 176

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


viii Contents

19 The economic impact and burden of vector- and rodent-borne
diseases in Europe 177

Costs associated with arboviruses 177
Costs associated with malaria resurgence in Europe 178
Costs associated with imported malaria 179
Costs associated with mosquito control 180
Costs associated with lice and scabies control 181
Costs associated with Lyme disease 181
Conclusions 182

Part II The vector- and rodent-borne diseases of North America

20 Vector- and rodent borne diseases in the history of the USA
and Canada 185

The arboviruses 185
Epidemic or louse-borne typhus 187
Rocky Mountain spotted fever 187
Malaria 188

21 The mosquito-borne arboviruses 190

Togoviridae 191
Flaviviridae 195
Bunyaviridae 202
Conclusions on the public health importance of arboviruses in the USA
and Canada 206

22 Mosquito-borne diseases -- malaria 207

Conclusions on the public health importance of malaria in the USA
and Canada 209

23 Mosquito-borne filarial infections 211

The public health importance of dirofilariasis 213

24 Sandfly-borne diseases 214

The phleboviruses 214
Leishmaniasis 214

25 Ceratopogonidae -- biting midge-borne diseases 216

26 Dipteran caused infections -- myiasis 217

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Contents ix

27 Flea-borne diseases 220

Plague 220
Flea-borne rickettsial diseases 224
Cat scratch disease (CSD) 226

28 The louse-borne diseases 228

Louse-borne or epidemic typhus 228
Trench fever 229
Body louse infestations 230
Head louse infestations 230
Pubic louse infestations 231

29 Triatomine-borne diseases 233

American trypanosomiasis or Chagas disease 233
Chagas disease vectors 234
Chagas disease reservoir hosts 234
The public health importance of Chagas disease in the USA 235

30 Tick-borne diseases of the USA and Canada 236

Tick-borne viruses 236
Powassan virus 237
Tick-borne bacterial infections 239
Lyme disease 240
Conclusions on the public health importance of Lyme disease in
the USA and Canada 244
Southern tick-associated rash illness 245
Rocky Mountain spotted fever 246
Reservoir hosts of Rocky Mountain spotted fever 248
Conclusions regarding Rocky Mountain spotted fever 248
Ehrlichiosis 249
Q fever 252
Babesiosis 253
Tularaemia 255
Tick paralysis 257

31 Mite-borne infections and infestations 259

Scabies 259
Rickettsial pox 261
Mites and allergies 262

32 Cockroaches and allergies 267

The public health importance of cockroach allergies 268

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


x Contents

33 Factors augmenting the incidence, prevalence and distribution
of vector-borne diseases in the USA and Canada 269

The effect of ecological changes 269
The possible effects of climate change 270
Vector-borne disease problems associated with introduced vectors 271

34 The rodent-borne diseases of the USA and Canada 279

The hantaviruses 279
Rodent reservoir hosts 284
Arenaviruses 286
Leptospirosis 290
Rat-bite fever 291
Salmonellosis 292
Toxoplasmosis 293
Cestode infections 294
Nematode infections -- trichinosis 296
Conclusions 296

35 The economic impact of vector- and rodent-borne diseases in
the USA and Canada 298

Eastern equine encephalitis 298
La Crosse encephalitis 299
St. Louis encephalitis 299
West Nile virus 300
Dengue 301
Imported malaria 302
Lice infestations 303
Scabies infestations 303
Lyme disease 303
Mosquito control 304
Conclusions 305

36 Conclusions on the burden of the vector and rodent-borne
diseases in Europe, the USA and Canada 306

References 310

Index 370

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Acknowledgements

The author gratefully acknowledges the assistance provided by Professor Mike

Service who read the manuscript and provided many valuable suggestions and

corrections for the text.

My thanks are due to Dr Graham White for his encouragement to me for

beginning the writing of the book.

I much appreciate the information provided to me by Dr Joseph M. Conlon.

Cambridge University Press would like to thank Professor Mike Service for all

his efforts in editing this manuscript following the death of Norman Gratz.

xi

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Tribute to the author, Norman Gratz

Despite battling with illness Dr Norman Gratz valiantly tried to complete his

manuscript of this book and send it to Cambridge University Press for pub-

lication. He succeeded in doing this. Sadly, however, he died in Geneva soon

afterwards, in November 2005, and so never saw his magnum opus published.

Norman joined the World Health Organization in 1958 and remained with

the organization for the rest of his working life. On retirement he continued to

serve on WHO committees and act as a consultant for WHO, numerous chemical

companies, and government and non-government agencies.

He was one of the few medical entomologists who was also involved with

the role of rodent reservoir hosts in disease transmission and soon became rec-

ognized worldwide as an authority on vector-borne diseases and their control.

Norman travelled extensively for WHO in Africa, Asia and Latin America advising

on research and control strategies on the vectors of malaria, filariasis, Chagas

disease, murine typhus, plague and various tick-borne diseases.

Norman published more than 100 scientific papers and in 1985 received the

Medal of Honour from the American Mosquito Control Association. He built up

an amazing database of more than 31 000 abstracts on vector- and rodent-borne

infections which became the foundation for this book.

On several occasions I told Norman that because of his vast knowledge of

vector- and rodent-borne infections he was probably the only single person who

could write this book.

Mike W. Service

Emeritus Professor of Medical Entomology

Liverpool School of Tropical Medicine

xii

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-85447-4 - The Vector- and Rodent-Borne Diseases of Europe and North America: Their
Distribution and Public Health Burden
Norman G. Gratz
Frontmatter
More information

http://www.cambridge.org/0521854474
http://www.cambridge.org
http://www.cambridge.org


Preface

Until the early part of the twentieth century many vector-and rodent-

borne infections were very serious public health problems in Europe and North

America. Thousands of cases of malaria occurred annually throughout these

regions and populations suffered greatly from the disease. Malaria transmission

persisted in most of southern Europe and the USA until it was eradicated in the

1950s. Among the arboviruses, dengue transmitted by the mosquito Aedes aegypti,

was the cause of a great epidemic in Athens, Greece in 1928 with over 650 000

cases and more than a thousand deaths. The same species was also the vector

of yellow fever which caused many thousands of deaths in the USA during the

nineteenth century; the last epidemic of the disease occurred in New Orleans

in 1905 with more than 3000 cases and at least 452 deaths being recorded.

Great epidemics of louse-borne typhus occurred in many parts of Europe during

World War I accounting for great human mortality. The war-associated louse-

borne diseases such as epidemic typhus, epidemic relapsing fever and trench

fever disappeared after 1945 due to the applications of the newly discovered

DDT and related compounds; at the time, optimism ran high that this group of

infections was unlikely to again be a problem, and indeed at the time effective

control was obtained of most of the group.

Yet by the end of the twentieth century, vector and rodent-borne infections

have again become serious public health problems; there has been a recrudes-

cence of several diseases long thought to have been eradicated or under effec-

tive control; at the same time, new vector and rodent-borne diseases have been

discovered both in Europe and North America, some of which now occur in

high incidence. A number of diseases in this group have been introduced into

geographical areas in which they have not previously been found such as the

introduction of West Nile Virus into New York in 1999; the virus and dis-

eases it causes have subsequently spread throughout the USA and much of

Canada. At the time of writing, six years after the introduction of the virus,

xiii
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xiv Preface

there is no sign of a significant diminution in its annual incidence in the

USA.

Among the tick-borne infections, Lyme disease was first identified in 1975 as

the cause of an epidemic of arthritis occurring near Old Lyme, Connecticut. This

infection has now become the most common vector-borne disease in both the

USA and Europe and in parts of eastern Canada. Tens of thousands of cases now

occur yearly in Europe and the USA. In the years 2001 and 2002, nearly 41 000

cases of Lyme disease were reported to the US Centers for Disease Control and

Prevention (CDCP) and, in Europe, it has been estimated that as many as 60 000

cases a year occur in Germany alone.

Tick-borne encephalitis virus transmitted by Ixodes ricinus in western Europe

is endemic in central, eastern and northern Europe and may cause a wide spec-

trum of clinical forms, ranging from asymptomatic infection to severe meningo-

encephalitis. In eastern Europe the virus is transmitted by I. persulcatus and its

incidence has been increasing. Ecological changes have resulted in an important

spread of the tick vectors and they are now commonly found in parks in the

middle of many cities throughout Europe. It appears that climate change has

resulted in a northward movement of the tick vector and the disease in Sweden.

Human ehrlichiosis and anaplasmosis are tick-borne zoonotic infections that

have become increasingly recognized in the USA and Europe. The increased

desire of humans to pursue outdoor recreational activities during the summer

months has also amplified their potential exposure to pathogenic bacteria that

spend a portion of their life cycle in invertebrate bloodsucking enzootic hosts.

Just like Borrelia burgdorferi, the agent of Lyme borreliosis, Ehrlichia and Anaplasma

species cycle within hard-bodied ticks. Rocky Mountain spotted fever is the most

severe and most frequently reported rickettsial illness in the USA. The disease is

caused by Rickettsia rickettsii.

The number of annual cases of babesiosis, which is transmitted by the same

tick vector as Lyme disease, is unknown but in areas of the USA where infected

ticks are common, up to 20% of people have antibody results suggesting expo-

sure. Although most of those exposed have no evidence of the disease, about 6%

of people with babesiosis severe enough to require hospitalization die.

In Europe, Mediterranean Spotted Fever (MSF), also known as Boutonneuse

fever, is transmitted by the dog tick, Rhipicephalus sanguineus. The disease is

endemic to the Mediterranean area, where, for the last few years, the num-

ber of cases has increased, possibly due, in part, to climatic factors; in the last

few decades an increased incidence of MSF was reported for Spain, France, Italy,

Portugal and Israel. Mediterranean Spotted fever was originally characterized as

a benign rickettsiosis. However, there have been recent reports of very severe

cases in France, Spain, Israel and South Africa, manifested by cutaneous and
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Preface xv

neurological signs, psychological disturbances, respiratory problems and acute

renal failure. The presence of the infectious agent, Rickettsia conorii appears to

be spreading north.

Omsk haemorrhagic fever, louping-ill disease and Crimean--Congo haemor-

rhagic fever are other tick-borne diseases in Europe.

In both Europe and North America, ectoparasite infestations of humans such

as head lice and scabies are present in increasing numbers; both of these serious

pests have developed resistance to many of the insecticides that have provided

effective control in the past. Scabies is the cause of frequent nosocomial out-

breaks in health-care facilities.

It is now realized that house dust mites and cockroaches are responsible for

an extraordinary amount of allergies including serious cases of asthma virtually

everywhere and their control poses a most difficult problem.

In the last few decades a substantial number of newly emerged rodent-borne

diseases of man have been recognized. Some of these infections may be due

to agents that were not recognized in the past but others are characterized

by such dramatic clinical courses, often with significant mortality and rapid

spread, that they are to be considered truly ‘emerging diseases’. The hantaviruses

belong to the emerging pathogens having gained more and more attention in the

last decades. Rodent-borne haemorrhagic fever with renal syndrome has spread

widely in rodent populations in Europe, the USA and parts of Canada, with an

increasing number of human cases. New species of hantaviruses with greater

virulence are emerging in both Europe and North America. Transmission to

humans occurs by direct contact with rodents or their excreta or by inhalation

of aerosolized infectious material, e.g. dust created by disturbing rodent nests.

A new rodent-borne disease syndrome has appeared in the USA; named the

hantavirus pulmonary syndrome (HPS), it is frequently associated with a case

fatality rate of 30--60%; the disease was at first determined to be due solely

to sin nombre virus, and was thought restricted to the western USA. However,

new species of viruses giving rise to HPS have now been found throughout the

USA and much of the Americas. As human populations grow and spread to

suburban rodent-infested areas, it is likely that hantavirus diseases will become

more common in the future especially as the elimination or effective control of

their wild rodent reservoir hosts can not be considered as realistic.

Many public health authorities and medical practitioners are not aware of

the reappearance of this group of diseases nor of the appearance of new dis-

eases transmitted by insects, ticks and rodents. They are not necessarily familiar

with the exotic infectious agents of this group that, with increased tourism,

are increasingly being imported from disease-endemic countries. This has often

resulted in the delayed or mistaken diagnosis of members of this group of
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xvi Preface

infections to the detriment of patients. The failure of public health authorities

to recognize this group has often resulted in delays before effective measures

have been undertaken to control their arthropod vectors or rodent reservoir

hosts.

The following book will review the distribution of the vector and rodent-borne

diseases in Europe, the USA and Canada; their incidence and prevalence, their

costs and hence their public health burden will be detailed and their arthropod

vectors and rodent-reservoir hosts described. Armed with such information, the

individual clinician is more likely to have a degree of epidemiological suspicion

that will lead to an earlier diagnosis and correct treatment of these infections.

Equally, authorities will more readily understand the measures necessary to

control this group of infectious agents.
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