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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.
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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,
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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, Ehtlichia 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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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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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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Introduction

The vector and rodent-borne diseases are a heavy burden on public
health in much of the tropical and semitropical regions of the world; among
these diseases are malaria, leishmaniasis, sleeping sickness, many arboviruses
and a plethora of other infections. Despite their largely temperate climates,
Europe, the USA and Canada have not been spared by this group of infections;
moreover, some endemic diseases thought to have been under control in these
regions are now resurging and new infections are emerging on both conti-
nents. Co-infections of HIV virus and leishmaniasis and of Lyme disease and
tick-borne encephalitis, pose diagnostic and treatment problems to clinicians.
Ecological and climate changes have favoured increases in the densities of insect
and tick vectors and rodent reservoir hosts and in the agents they transmit. With
increased travel to tropical disease-endemic areas, the number of imported cases
of malaria and other vector-borne diseases has sharply risen and some of these
have become established, with grave consequences.

The following chapters will review the status of the vector and rodent-borne
diseases which are endemic or imported into Europe and the USA and Canada
as well as the literature describing their epidemiology, incidence, distribution,
vectors and reservoir hosts. Emphasis will be placed on the epidemiology of the
infections rather than on clinical aspects or treatment. To plan the prevention
and control of this group of infections, knowledge of their epidemiology and dis-
tribution is essential for public health officials and health scientists; clinicians
must be aware of the infections they may encounter to ensure a rapid diagnosis
and timely treatment, especially those introduced from abroad.

An extensive bibliography is provided as much of the literature on this group
of infections is scattered through a wide spectrum of journals. Furthermore,
as will be seen, the incidence of many of the vector and rodent-borne diseases
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in both Europe and North America are actually increasing, some quite seri-
ously, while new diseases are emerging and old ones resurging; to substantiate
this, an effort has been made to provide references to as many relevant studies
as possible as well as an evaluation of the current public health importance
of the infections which will be reviewed. The literature has been reviewed to
June 2005.



PART I THE VECTOR- AND RODENT-BORNE
DISEASES OF EUROPE
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Vector- and rodent-borne diseases in
European history

Plague

The most serious of the vector- and rodent-borne disease epidemics in
European history were the pandemics of plague that swept through the conti-
nent decimating the population. The first recorded epidemic began in Arabia at
the time of Justinian, reaching Egypt in AD 542; it then spread through Palestine
and Syria to Europe and throughout the Roman Empire to the British Isles and
Ireland. The most infamous of the plague pandemics was the ‘Black death’ which
ravaged the continent from the middle of the fourteenth century until the end
of the sixteenth century. In Great Britain, one-half to two-thirds of the popula-
tion is believed to have been killed and it is generally believed that 25 million
people or as much as a quarter of the European population fell victim to this
pandemic. The last outbreak of plague in Europe occurred in Marseilles, France
in 1720, probably introduced by a plague-infested ship arriving from Syria. Some
50 000 people died in the city; the disease spread over a great part of Provence
but disappeared in 1722 (Pollitzer, 1954).

There has been some controversy as to whether or not the epidemics described
above were indeed caused by Yersinia pestis inasmuch as diagnosis of ancient
septicaemia or other forms of plague solely on the basis of historical clinical
observations is not possible. Furthermore, the lack of suitable infected material
prevented direct demonstration of ancient septicaemia; thus, the history of most
infections such as plague has remained hypothetical. Some recent investigations
have supported the contention that these ancient epidemics were indeed caused
by infections with Y. pestis. Drancourt et al. (1998) made DNA extracts from the
dental pulp of 12 unerupted teeth extracted from skeletons excavated from six-
teenth and eighteenth century French graves of persons thought to have died
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of plague and from seven ancient negative control teeth. Polymerase chain reac-
tion (PCR) probes incorporating ancient DNA extracts and primers specific for the
human beta-globin gene demonstrated the absence of inhibitors in these prep-
arations. The incorporation of primers specific for Y. pestis rpoB (the RNA poly-
merase beta-subunit-encoding gene) and the recognized virulence-associated pla
(the plasminogen activator-encoding gene) repeatedly yielded products that had
a nucleotide sequence indistinguishable from that of modern-day isolates of the
bacterium. The specific pla sequence was obtained from 6 of 12 plague skeleton
teeth but none of seven negative controls thus confirming presence of the disease
at the end of the sixteenth century in France. Further DNA extractions of dental
pulp were also positive in a study in the south of France (Raoult et al., 2000).

In Germany, in an area which was also struck by the purported plague epi-
demics, Wiechmann & Grupe (2004) carried out a molecular genetic investi-
gation of a double inhumation, presumably a mother and child burial from
Aschheim (Upper Bavaria, sixth century), which included analysis of mitochon-
drial DNA, molecular sexing and polymorphic nuclear DNA. Y. pestis-specific DNA
was detected confirming the presence of Y. pestis in southern Germany during
the first plague pandemic recorded.

Malaria

Malaria has existed in the Mediterranean basin since the prehistoric era
and the arrival of man. The ancient Romans associated the malarial fevers with
proximity to marshes. The modern term ‘malaria’ originates from Italy of the
Middle Ages when the two words ‘mala’ and ‘aria’ became the word known today
as ‘malaria’ which gradually came into common use.

In the nineteenth century malaria transmission extended from part of
Norway, through southern Sweden, Finland, Russia, Poland, along the coun-
tries of the Baltic coast including northern Germany, through Denmark and
the Netherlands, south along the coasts of Belgium, France, Spain and Portu-
gal and all of the countries of the Mediterranean and Adriatic, in the Balkans
where it was particularly severe and throughout Greece and the Danube penin-
sula (Strong, 1944). Coastal southern and eastern England had unusually high
levels of mortality from malaria from the sixteenth to the nineteenth century
(Dobson, 1994).

In the beginning of the 1950s eradication programmes were launched by
national governments with the support of the World Health Organization and
successfully eradicated the disease from virtually all the continent. By 1969,
Hungary, Bulgaria, Romania, Yugoslavia, Spain, Poland, Italy, the Netherlands
and Portugal had completely eradicated endemic malaria.
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Typhus

Epidemic or louse-borne typhus Rickettsia prowazekii transmitted to
humans by the human body louse Pediculus humanus may cause a mortality of
60% in untreated people. Widespread epidemics have occurred in Europe. Armies
have been virtually wiped out by epidemics of typhus. Between 1915 and 1918,
typhus was responsible for one-fifth to one-third of all illnesses in the British
forces, and for about one-fifth of the German and Austrian armies. An outbreak
of louse-borne typhus occurred in Serbia in November 1914; within six months
500 000 people developed typhus fever. Over 200 000, of whom 70 000 were
Serbian troops, died from the disease. One half of the 60 000 Austrian prisoners
also died from typhus. At its peak new cases ran at 10 000 per day. Mortality
ranged from 20% at the start to 60-70% at the end of the epidemic.

In the 1917-1921 epidemic in Russia the epidemic raged amidst the famine
and dislocation of the revolution and 20-25 million cases were estimated to have
occurred. For a while it looked as if the fate of the revolution was at the mercy
of typhus fever. Lenin, in 1919, put it succinctly: ‘Either socialism will defeat
the louse, or the louse will defeat socialism’ (Tschanz, D. W. http://scarab.msu.
montana.edu |historybug [WWI/TEF.htm, accessed 21 June 2005).

Murine typhus caused by Rickettsia typhi, is endemic in southern Europe. One
tale has it that this milder rickettsial infection transmitted from rats to man by
fleas, has an historical basis in the thirteenth century legend of the Pied Piper,
who led away the rats from the town of Hamelin, Germany; when refused pay-
ment for his services, he led away 130 children and disappeared with them in
the mountains. It is suggested that the children actually died in an outbreak of
disease and were buried in a common grave at the site of the legendary disap-
pearance. The association with rats points to a rodent-borne infection, and the
pied (mottled) coat of the piper seems to indicate a disease causing conspicuous
macular lesions (Dirckx, 1980).

Arboviruses

At the end of the eighteenth century and into the nineteenth, yellow
fever broke out in Spanish ports, having been brought by vessels mainly from
infected ports in the New World. Cadiz suffered five epidemics in the eighteenth
century, and Malaga one; from 1800-1821 the disease assumed alarming propor-
tions, Cadiz being still affected (Waddell 1990), while Seville, Malaga, Cartagena,
Barcelona (Angolotti, 1980), Palma, Gibraltar (Sawchuk & Burke, 1998) and other
ports and their surroundings suffered severely. In the epidemic at Barcelona
in the summer of 1821, some 12000 persons died (Chastel, 1999). Yellow fever
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also invaded the port of Saint Nazaire in France in the 1860s (Coleman, 1984)
and at Lisbon in 1857 some 6000 died. An outbreak of yellow fever occurred in
Swansea, UK in 1865; both this outbreak and the Saint Nazaire one were caused
by infected mosquitoes flying to the mainland from ships in harbour.

Dengue was long endemic in most of the countries of the Mediterranean; in
1928 approximately 650 000 residents of Athens and Piraeus contracted dengue
and 1061 died (Halstead & Papaevangelou, 1980). The disease disappeared from
Europe with the disappearance of its vector, Aedes aegypti.

From the beginning of the twentieth century, sanitary conditions improved
in urban and rural areas, farming and irrigation practices changed, and the
great epidemics described above have ceased. However, a substantial number of
vector and rodent-borne infections persist both in Europe and North America
and new infectious agents are emerging, some of which represent no small
threat to public health.
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The arboviruses

There are between 500 and 600 known arthropod-borne viruses, or
arboviruses, in the world of which some 100 may give rise to human disease.
There are six families of arboviruses; Togaviridae, Flaviviridae, Bunyaviridae,
Reoviridae, Rhabdoviridae and Orthomyxoviridae. By 1996, 51 arboviruses had
been reported from Europe - they are the subject of a comprehensive review by
Hubalek & Halouzka (1996). Many of these viruses are not known to cause human
illness; some have only been isolated from arthropods, birds or other animals
and their public health significance is unknown. Others, however, may cause sig-
nificant human illness and mortality. The arboviruses will be considered by the
four groups of arthropods that transmit them, i.e. mosquitoes, sandflies, biting
midges and ticks. The epidemiology of the arboviruses is rapidly evolving and
their distribution is spreading to areas in which they have not been previously
endemic and, in some cases, as appear to be occurring with West Nile virus,
increased virulence has been seen in some recent outbreaks.
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The mosquito-borne arboviruses
of Europe

West Nile virus

West Nile virus (WNV), a member of the Japanese encephalitis complex,
is a neurotropic flavivirus virus that produces damage of varying severity in
human, animal and avian hosts. The virus is amplified in birds and transmitted
to humans usually by Culex mosquitoes. Most cases of WNV are subclinical, with
overt clinical illness affecting 1:100 to 1:150 cases. Meningoencephalitis is the
most common diagnosis in hospitalized WNV patients, affecting 50-84%. In the
elderly the mortality rate may range as high as 10% though it is much lower in
the current outbreak in the USA. The epidemiological cycle of WNV is shown in
Figure 4.1.

West Nile virus was first isolated from a febrile woman in the West Nile
District of Uganda in 1937 (Smithburn et al., 1940); in 1950 it was found that the
virus was present in a large percentage of normal individuals in the vicinity of
Cairo, Egypt. The majority of the children from whom the sera were collected
appeared to be normal; there was no evidence that children with viremia were
severely ill. In 1950 more than 70% of the Cairo inhabitants aged 4 years and
over had antibodies to WNV (Melnick et al. 1950).

In 1951, WNV was recognized in Israel; the disease had probably already
been present in that country for several years. There were large outbreaks in
1950-1951 and it is estimated that the number of cases was in the hundreds
(Goldblum et al., 1954); none of the cases was fatal and there were apparently
many subclinical cases. Israel is an important path for migrating birds to and
from Africa and to Europe and the virus may have been introduced in this
manner.

The known distribution of WNV is shown in Figure 4.2.
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Figure 4.2 The global distribution (dark shading) of West Nile and Kunjin viruses.

Albania

The first report of WNV in Europe was the detection of the virus in 1958,
in two Albanians found to have specific WNV antibodies (Bardos et al., 1959). The
virus remains endemic in the country (Eltari et al., 1993).

The subsequent spread of WNV through Europe is reflected in Table 4.1 which
records the presence of WNV as indicated by the occurrence of human cases
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Table 4.1 Countries in Europe in which West Nile virus endemic activity has
been detected

Countries Reported activity or outbreaks

Albania 1958

Austria 1964-1977 1988

Belarus 1972-1973* 1977

Bulgaria 1960-1970 1978*

Czech Republic 1978* 1980s* 1990* 1997

France 1962-65, 1975-1980 1999-2003 2004*

Germany 1990s*

Greece 1970-1978 1980-1981

Hungary 1970s 1984

Italy 1966-1969 1981* 1998*

Poland 1998*

Portugal 1962 1965 1967 1969 1973 1976-1970

Romania 1966-1970 1975 1980 1984 1996-2000

Russia 1962-1976 1977* 1981-1986 1989 1991
1992* 1999

Slovakia 1970-1973* 1984-1987 1998

Spain 1960s 1979* 1980 1998

Ukraine 1980s 1998

* Birds, animals or arthropods only.

or isolations or positive serology in humans, animals, birds or arthropods. The
following section reviews the literature reporting on the presence and incidence
of WNV by country in Europe.

Austria

Serological surveys reported in the 1960s and 70s indicated the presence
of WNV in 12 dogs (33.3%), 17 pigs (6.9%), 25 cattle (26.7%) and 21 of 61 hedge-
hogs (Erinaceus europaeus) tested (Sixl et al., 1973). Antibodies to WNV were found
in farmers in Eastern Austria (Sixl et al., 1976); 385 horses and 102 free-living
birds found dead were all negative and WNV was not considered, at the time, a
significant pathogen in Austria (Weissenbock et al., 2003a).

Belarus

In 1985-1994 (see Table 4.1) four strains of WNV were isolated; one
from birds, two from Aedes mosquitoes and one from a febrile patient. Another
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isolation was made from Anopheles mosquitoes in 1999. Specific WNV antibodies
in human blood sera were identified in 1.7% of the Belarusian population. In
the Gomel and Brest regions the percentage of seropositive individuals was 5.8
and 15.4, respectively. Antibodies were found in 0.6-5.8% of cattle, in 2.9-6.8%
of wild small mammals and in 6.5-16.7% of birds. Sixteen cases were confirmed
among patients with a febrile aetiology (Samoilova et al., 2003).

Bulgaria

In 1978 serum samples from 233 cattle on 22 farms in Bulgaria were
examined. Fourteen cattle were positive for WNV antibodies (Karadzhov et al.,
1982). Little other information is available on WNV in Bulgaria; a survey of
mosquitoes reported in 1991 (Kamarinchev et al., 1991) found WNV in several
species of Aedes and Culex.

Czech Republic

The first reports of the presence of WNV were made in 1976 (see
Table 4.1) (Prazniakova et al., 1976). Serological surveys in the country have shown
that the virus is common in both migratory and non-migratory species of birds
including domestic fowl. The first isolation of WNV in the Czech Republic was
reported by Hubalek et al. (1998); 11 334 mosquitoes from south Moravia were
examined in 197 pools. Aedes vexans, Ae. cinereus and Culex pipiens were found
positive.

In July 1997 heavy flooding occurred along the Morava river; populations of
Aedes mosquitoes rapidly increased. During the surveillance, 11 334 mosquitoes
were examined and WNV isolates were made from Aedes vexans and Culex pipi-
ens. West Nile virus antibodies were detected in 13 (2.1%) of 619 persons seeking
treatment at hospitals and clinics in the Brelav area and two children had clini-
cal symptoms, the first recorded cases of WNV in central Europe (Hubalek et al.,
1999).

Hubalek (2000) characterized WNV in Europe as follows: ‘European
epidemics . . . reveal some general features. They usually burst out with full
strength in the first year, but few cases are observed in the consecutive 1 to
2 (exceptionally 3) years, whereas smaller epidemics or clusters of cases only
last for one season. The outbreaks are associated with high populations of
mosquitoes (especially Culex spp.) caused by flooding and subsequent dry and
warm weather, or formation of suitable larval breeding habitats. Urban WNF
outbreaks associated with Culex pipiens biotype molestus are dangerous. Natural
(exoanthropic, sylvatic) foci of WNV characterized by the wild bird-ornithophilic
mosquito cycle probably occur in many wetlands of climatically warm and some
temperate parts of Europe; these foci remain silent but could activate under
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circumstances supporting an enhanced virus circulation due to appropriate abi-
otic (weather) and biotic (increased populations of vector mosquitoes and sus-
ceptible avian hosts) factors. It is very probable that WNV strains are transported
between sub-Saharan Africa and Europe by migratory birds’.

France

West Nile virus was first reported in the Carmargue region of southern
France in 1962-1965 and had been apparently introduced in 1962. There was a
high mortality rate among horses in the area with some 50 dying during this
period, and 13 human cases. West Nile virus was isolated from two mild human
cases in 1964. There was an epidemic outbreak in 1962 during which severe cases
of the disease were observed; an epidemic occurred again in 1963 at a lower
incidence. In 1964 and 1965, only a few mild cases were seen in the Camargue
(Panthier et al., 1968). The horse is the principal victim of WNV infection in the
French Mediterranean littoral; in 1962-1965 there were 500 clinical cases and 50
equine deaths. Human infection is usually benign. The vector is Culex modestus.
Infection in the horse ranges from unapparent infection to clinical symptoms.
Antibodies to WNV were frequent in man in an area to the west and north of
the Camargue and were also often found in horses, wild rabbits and hares but
not in birds or small rodents (Joubert, 1975).

In September 2000, WNV again appeared in the south of France when 47
horses in the Herault region, close to the Camargue, developed symptoms of
WNV encephalitis. There were 12 equine deaths but no human cases (Zientara,
2000). Equine cases were reported in the Department of Gard (16 horses) and
the Department of Bouches du Rhone (3 horses). In total there were 76 clinical
cases and 21 deaths. Seroconversions were detected in two sentinel birds in
October 2001 in a mallard and in August 2002 in a chicken indicating a low
circulation of WNV in the Camargue region. Cx. pipiens was considered the main
vector.

The most recent case of WNV in France occurred in October 2003, in a man
in the department of the Var; his wife also tested positive and there was a report
of WNV infection in a horse some 20 km from the human cases. Two suspected
equine cases were notified in the Var, in mid-September. The occurrence of 2
human cases (one confirmed and one probable) and 3 equine cases (one con-
firmed, 2 probable), in the same area in a 5-week period, suggests that infection
was contracted in the Var located more than 100 km east from the Camargue.
A total of 3 encephalitis and 4 mild illness cases were identified in humans,
all living or having stayed in the vicinity of Fréjus city. Four equine cases were
identified within 25 km from the human cases (Del Giudice et al., 2005).
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Germany

No autochthonous human cases of WNV have been reported from
Germany. However, Malkinson & Banet (2002) considered that the findings of
anti-WNV antibodies in a population of storks maintained in northern Germany
could be evidence for local infection. They pointed out that the unique suscepti-
bility of young domestic geese in Israel in 1997-2000 to WNV and the isolation of
similar strains from migrating White storks in Israel and Egypt suggest that the
recent isolates are more pathogenic for certain avian species and that migrating
birds play a crucial role in geographical spread of the virus. There have been no
reports of isolations of WNV from mosquitoes in Germany or other reports of
seropositive birds.

Greece

Lundstrom (1999) noted that in serological surveys, antibody prevalence
to WNV was more prevalent in Greece than that to tick-borne encephalitis (TBE);
Lundstrom also cites the presence of WNV in human serum collected by Pavlatos
& Smith (1964) and again in 1972 (Papapanagiotuo et al. 1974). In a survey of ani-
mals reported from Greece in 1980 (Koptopoulos & Papadopoulos, 1980), anti-
bodies to WNV were found in 8.8% of sheep, 8.7% of goats, 3.9% of cattle, 20.4%
of horses, 1.4% of pigs, 24.5% of birds, 29% of humans, in 1 of 2 hares and in 1
of 26 rabbits.

Hungary

The earliest report of the presence of WNV in Hungary was the isolation
of the virus from small mammals in the course of surveys for TBE (Molnar et al.,
1976). In another survey (Molnar, 1982) reported the presence of antibodies to
WNV in ticks and mosquitoes in the country.

Italy

West Nile virus was first reported in Italy in 1966 when three clinical
cases were described in children (Gelli Peralta, 1966) and surveys showed anti-
bodies to WNV in small mammals of various regions.

The first equine outbreaks occurred in 1998 in 14 horses in Tuscany. Eight
animals recovered without important consequences. West Nile virus was serolo-
gically detected in all 14 horses and was isolated from an affected horse (Cantile
et al., 2000). The outbreak involved race horses and racehorse breeding stock of
high economic value (Autorino et al. 2002). No human cases were reported.

In 1998, virus isolated from a horse in Tuscany with encephalitis was
sequenced. The strain appeared to share 99.2% nucleotide identity with a
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Senegalese strain isolated in 1993 from a mosquito (Culex neavei), indicating a
link with viruses isolated in France (1965), Algeria (1968) and Morocco (1996), and
suggests the hypothesis of an introduction of WNV by migratory birds crossing
the Mediterranean Sea.

Moldavia

In 1973-1974, WNV was isolated from ticks in what was then Soviet
Moldavia (Chumakov et al., 1974). No human cases of WNV have been reported
from the country.

Poland

Sparrows from central Poland were examined by Juricova et al. (1998)
between 1995 and 1996 and antibodies to WNV were detected in 12.1% of the
tree sparrows, Passer montanus. As these were non-migratory birds, the virus can
be considered as endemic in Poland despite the absence of any reports of human
cases.

Portugal

In 1972, Filipe described the first finding of an arbovirus in mosquitoes
in Portugal; it was identified as WNV, or a virus antigenically closely related,
and was isolated from a female Anopheles maculipennis in Beja, in the south of
the country in 1969. The site of collection was to the north of the farms where
an outbreak of WN encephalitis had occurred in 1962-1965. There have been no
reports of human WNV cases or of antibodies in humans.

In 1967, Filipe collected sera from cattle and sheep in south Portugal; anti-
bodies were detected to WNV. Filipe & Pinto (1969) described a survey of cattle
and sheep in the south for antibodies to WNV and TBE; of the bovine serum, 16%
had antibodies to WNV and also reacted to TBE as an overlap reaction. Several
cases of equine encephalitis with 10 or 12 deaths had occurred in horses at a
farm near Aljustrel in southern Portugal in 1962-1965; antibodies against WNV
were found in animals on nearby farms. Tests in 1970 of 24 horses that had
survived the disease in the 1962-65 epizootic revealed antibodies against WNV
in 7 of them (Filipe et al., 1973).

Romania

In 1975, Draganescu et al. reported antibodies to several flaviviruses in
humans and domestic animals in a biotope with a high frequency of migra-
tory birds. There were human antibodies in a proportion of 11.8% to TBE and
25.5% to WNV; in domestic animals, WNV antibodies were detected in 4.9% of
the sheep, 4.1% of the cattle and 12% of the goats tested. In 1977, Draganescu
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et al. described an outbreak of a febrile disease affecting 14 of 41 crew mem-
bers of a ship that passed from Romania through the Suez Canal and the Red
Sea on its way to Japan. Serological studies of the crew showed WNV antibodies
in 25 of the 35 crew members checked. One patient died. The illness in other
patients was mostly benign. The crewmen were probably infected in Romania
before departure of the vessel.

High titres of antibodies to WNV were detected in 66 sera from 133 stray dogs
in Romania (Rosiu et al.,, 1980). Antipa et al. (1984) took sera from 8 species of
migratory birds; 22 serum samples gave positive reactions (titres: 1/20 - 1/80)
to WNV and Ntaya viruses. Seroprevalence data suggest that WNV activity in
southern Romania dates to the 1960s or earlier (Campbell et al., 2001).

In mid-July 1996, a clustering of meningoencephalitis cases was noted in
Bucharest. Several hundred cases were reported in August. By the first week of
September, antibodies to WNV had been demonstrated in several patients. The
epidemic started at the end of July, peaked in the first week of September, and
the last confirmed patient fell ill at the end of September. There were reports of
683 suspected cases; 527 met a clinical case definition of aseptic meningitis or
encephalitis. By October, serological testing had been completed on 200 of the
527 suspected cases, yielding 168 laboratory-confirmed cases. Nine confirmed
cases were fatal, a case fatality rate of 5.4%, all in people aged 60 years or older.
The age-specific incidence in persons above 70 years was more than six times
the incidence among children and young adults. It is likely that some of the
31 fatal unconfirmed cases represented true WNV cases. Disease incidence was
highest in an agricultural area surrounding Bucharest. The epidemic involved
an extensive area of southern and eastern Romania. A serosurvey of 75 blood
samples demonstrated IgG antibodies to WNV in 4.1% of blood samples. Extra-
polated to the city as a whole, it was estimated that between 90 000 and 100 000
people were infected. Culex pipiens is the dominant mosquito in Bucharest and
was the most likely vector in 1996 (WHO, 1996). This epidemic was the largest
outbreak of WNV reported in Europe and was characterized by a high virulence
of the WNV strains involved.

The risk factors for WNV during the epidemic were analysed by Han et al.
(1999). There was widespread subclinical infection during the outbreak. The risk
factors for acquiring infection and for developing clinical meningoencephali-
tis after infection were mosquitoes in the home, reported by 37 of 38 (97%)
asymptomatically seropositive persons compared with 36 of 50 (72%) seroneg-
ative controls. Among apartment dwellers, flooded basements were a risk fac-
tor (reported by 15 of 24 (63%) seropositive persons vs. 11 of 37 (30%) seroneg-
ative controls. Meningoencephalitis was associated with spending more time
outdoors.
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Surveillance after the 1996 epidemic showed that sporadic human cases
continued to occur in Bucharest and the lower Danube delta in 1997 and in
Bucharest in 1998, giving evidence of ongoing virus transmission in southeast-
ern Romania.

Ceianu et al. (2001) reviewed WNV surveillance in Romania from 1997 to 2000.
It was noted that the virus was still circulating in both human and avian cycles -
surveillance found 39 clinical human WNV cases during 1997-2000. Retrospec-
tive sampling of domestic fowl in the vicinity of patient residences during 1997-
2000 demonstrated seroprevalence rates of 7.8-29%. Limited wild bird surveil-
lance showed seroprevalence rates of 5-8%.

Apparently WNV persists locally in poorly understood transmission cycles and
the virus remains a serious threat to public health in Romania; the implemen-
tation of an effective mosquito control is imperative.

Russia

West Nile virus has been isolated in Russia from species of ticks,
mosquitoes and birds in many areas of the country. Seventeen virus strains
were isolated from the tick Ornithodoros capensis collected in 1970 in the nesting
grounds of herring gulls (Larus argentatus) in the Baku Archipelago, Azerbaijan.
One strain was identical to WNV (Gromashevsky et al., 1973). West Nile virus was
isolated from Ixodes ricinus in what was then Soviet Moldavia in 1973-1974. A
single isolate with both Crimean-Congo haemorrhagic fever CCHF and WNV was
obtained from Dermacentor marginatus though no human cases were reported in
the areas where these viruses were isolated (Chumakov et al., 1974).

In a study in what is now Turkmenistan, Berdyev et al. (1975) found antibodies
to WNV in 8 of 116 human serum samples, and 9 of 37 serum samples from
wild animals. Antibodies were also detected in 6 out of 88 camel samples, 2
out of 3 horse samples, 30 out of 338 sheep samples and 189 out of 534 cattle
samples.

In the Volgograd and Krasnodar regions, WNV antibodies were found in 50
out of 64 patients examined. The large number of reported cases suggested that
an epidemic caused by the virus occurred in these regions in the summer of
1999 involving as many as 1000 cases and dozens of deaths (L'vov et al., 2000a).
Two strains of WNV were isolated from the brain of a dead subject and from
a patient during the 1999 outbreak. These strains reacted with convalescent
sera proving their aetiological role in this outbreak (L'vov et al., 2000b). From
25 July to 1 October 1999, 826 patients were admitted to Volgograd Region hos-
pitals with acute aseptic meningoencephalitis, meningitis or fever consistent
with arboviral infection. Of 84 cases of meningoencephalitis, 40 were fatal. The
authors believed that the unusual pathogenic characteristics may have been due
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to the extension of new pathogenic WNV strain(s) or to the peculiarities of the
human host response (Platonov et al., 2001).

In 1963-1993, strains of WNV were isolated from ticks, birds and mosquitoes
in southern European Russia and western Siberia and WNV antibody was found
in 0.4-8% of healthy adult blood donors. Sporadic human clinical cases were
observed in the Volga River delta. In spite of these reports, WNV infection was
not considered by the health authorities as a potentially emerging infection, and
the large WNV outbreak in southern Russia, starting in late July 1999, was not
recognized in a timely fashion. First evidence suggesting WNV circulation was
obtained by IgM-capture enzyme-linked immunosorbent assay (ELISA) in Septem-
ber and two weeks later, WNV disease was confirmed in all 14 non-survivors from
whom brain tissue samples were available. Moreover, 35 of 56 patients who con-
tracted aseptic meningitis in 1998 had a high titre of WNV antibody, indicating
that WNV infection may have been introduced into the Volgograd region before
1999. The Volgograd isolate had the greatest homology (99.6%) with the WN-
Romania-1996 mosquito strain. Specimens from a patient in the 2000 outbreak
of WNV in Israel indicated a closer relationship of this isolate to 1996 Roma-
nian and 1999 Russian strains than to 1998-99 Israeli or 1999 New York isolates
(Briese et al., 2002). The possible role of migratory birds in this pattern must be
considered.

Isolations of WNV from migratory and non-migratory birds was indeed made
by L'vov et al. (2002a) in the Volga region. Four strains were isolated from birds
and their ticks in the Volga delta. The strains were isolated from the great
cormorant (Phalacrocorax carbo), the crow (Corvus corone) and Hyalomma marginatum
nymphs.

The emerging situation in Russia is probably the result of natural and social
factors and may also be due to the introduction of more virulent strains or by
evolution of the virus. Whatever the source, the increased virulence of WNV in
the recent outbreaks in Russia is of serious public health concern.

Slovakia

In 1972, 2043 mosquitoes of 10 species were collected while biting man
and were tested in 129 pools. A strain of virus identified as WNV was isolated
from a pool of Aedes cantans (Labuda et al., 1974). A serological survey of birds
found a single mallard duck (Anas platyrhynchos) positive for WNV (Emek et al.,
1975). In an additional survey, tick-borne encephalitis and WN viruses were iso-
lated from the blood, brain and liver of migrating birds (Emek et al., 1977).

Juricova (1988) investigated sera from 62 Passeriformes birds of 14 species,
caught during the autumn migration of 1987 in the Krkonose mountains in
Slovakia; 6.4% of the birds were positive for WNV.
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Spain

West Nile virus activity was detected in Spain between the 1960s and
the 1980s in the regions of Catalunya, Andalucia, Valencia and Galicia (Lozano
& Filipe, 1998).

A survey in the northern provinces of La Coruna, Orense, Pontevedra, Leon
and Asturias obtained sera from 701 persons. Tests confirmed that there had
been earlier infection with WNV (Gonzalez & Filipe, 1977). The sera of 386 small
mammals (rodents, insectivores, small carnivores and bats (Chiroptera)) trapped
in 1978 and 1979 were tested for antibody against 10 arboviruses. Positive reac-
tions were found against flaviviruses, among them 3.1% to WNV.

Lozano & Filipe (1998) studied the prevalence of WNV and other viruses
among the human population of the Ebro Delta; 1037 samples of serum were
taken in 10 towns and analysed for the presence of WNV antibodies and 12
other arboviruses. Antibody titres revealed a significant percentage of samples
with high titres to WNV and other antigens. In three localities located in the
Delta, the prevalence of Flaviviridae antibodies was as high as 30%, with resid-
ual levels of WNV-related IgM in some serum samples; these results suggest
that WNV is moving throughout the human population, periodically giving rise
to epidemic outbreaks. Bearing in mind the high percentage of neurological
complications in the most recent outbreaks of WNV infections recorded in the
Mediterranean basin it was felt that WNV plays a role in the factors contributing
to viral meningitis and encephalitis within the population of risk areas within
Spain.

UK

While no human cases of WNV have been reported from the UK, the
Health Protection Agency has an annual enhanced surveillance programme for
possible human cases. The scheme operates during the summer, when there is
WNV activity in other countries and involves looking for WNV in blood and cere-
brospinal fluid samples, taken from patients with encephalitis or viral meningi-
tis with no known cause.

Buckley et al. (2003) reported the presence of virus-specific neutralizing anti-
bodies to WNV, Usutu virus (USUV) and Sindbis virus (SINV) in the sera of resident
and migrant birds in the UK, implying that each of these viruses is being intro-
duced to UK birds, possibly by mosquitoes. This was supported by nucleotide
sequencing that identified three slightly different sequences of WNV RNA in
tissues of magpies (Pica pica) and a blackbird (Turdus merula). The detection of
specific neutralizing antibodies to WNV in birds provides a plausible explana-
tion for the lack of evidence of a decrease in the bird population in the UK
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compared with North America. Many birds migrate annually from regions in
Africa where WNV, USUV and SINV co-circulate and are actively transmitted
between birds and mosquitoes. It is, therefore, possible that they are carried by
birds to the UK and transmitted via indigenous mosquitoes to non-migratory
birds and to other wildlife species. A relatively high proportion of resident birds
were positive, implying efficient transmission from the migrant bird popula-
tion. The authors concluded that there is no evidence that British citizens suffer
from febrile illness, fatal encephalitis or polyarthritis arising from the bite of
mosquitoes infected with WNV, USUV or SINV. They also observed that on bal-
ance, it seems unlikely that these viruses present significant health problems
to humans, birds or horses in the UK, since the likely risk of exposure to WNV-,
USUV- or SINV-infected mosquitoes for humans living in urban or peri-urban
areas of the country at the present time should be reasonably low. Nevertheless,
as the impact of climate change takes effect and as more people spend increas-
ing periods of time in the countryside, where mosquitoes are likely to occur in
the highest densities, the risk of human exposure to encephalitic infection by
WNYV will almost certainly increase.

Ukraine

The first isolation of WNV in Ukraine was made from a rook (Corvus
frugilegus) caught in May 1980, in the Black Sea area (Vinograd et al., 1982).
Active foci of TBE, WNV, California serologic group (CSG) and Batai viruses
have been identified as a result of investigations in the forest-steppe zone of
Ukraine. Of the viruses identified, WNV was the leading arboviral infection in
the forest-steppe zone with 53.1% of the infections (Lozyns’kyi & Vynohrad, 1998).

Serbia

There is little information available on the presence of WNV in Serbia;
Vesenjak Hirjan (1991) mentions that antibodies to WNV have been found in 8%
of 397 people in the west of Serbia, 1% of 479 people in the east of Serbia, 1%
of 826 people in Montenegro and 1% of 629 people in Kosovo. There have been
no reports of human clinical cases.

The vectors of West Nile virus in Europe

Table 4.2 lists the countries in which the vectorial status of an arthropod
has been determined or in which isolations of virus have been made from an
arthropod.

In countries in which there have been epidemic outbreaks of the disease in
man or animals, it can be assumed that the vectors are mosquitoes. Birds may
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Table 4.2 Arthropod species confirmed as vectors or from which West Nile
virus was isolated

Country Species

Azerbaijan Ornithodoros capensis

Belarus Aedes spp., Anopheles spp.

Bulgaria Ae. cantans.

Czech Republic Ae. cinereus, Ae. vexans, Culex pipiens, Ixodes ricinus
France Culex modestus, Cx. pipiens

Italy Cx. impudicus? Cx. pipiens?

Moldavia Dermacentor marginatus, Ixodes ricinus

Portugal Anopheles maculipennis

Slovakia Ae. cantans, I. ricinus

Romania Cx. pipiens, Cx. pipiens molestus

Russia Ae. vexans, Cx. modestus, Cx. molestus, Cx. univittatus, D. marginatus,

Hyalomma marginatum, Ixodes lividus, I. ricinus

Ukraine An. maculipennis

be infected by mosquitoes or ticks but it seems quite unlikely that ticks are
involved as vectors in large outbreaks.

The reservoir hosts of West Nile virus in Europe

West Nile virus has been isolated from many animals in Europe but
most, including horses, cattle, camels, sheep, pigs, boars, hares, dogs and cats,
are dead-end hosts and not reservoir hosts of the infection. It has been found
in humans, birds and other vertebrates in Africa, eastern and western Europe,
western Asia and the Middle East, but until 1999 had not previously been docu-
mented in the Americas.

It is likely that WNV was originally introduced into Europe by migratory
birds coming from Africa. Malkinson & Banet (2002) reviewed the role of wild
birds in the epidemiology of WNV and the following observation is taken from
their review. Surveys on wild birds conducted during the last two decades in
Europe, notably Poland, the Czech Republic and the UK have revealed endemic
foci of infection. Some species of seropositive birds were non-migrators while
others were hatchlings of migrating species. Persistently infected avian reser-
voir hosts are potential sources of viruses for mosquitoes that multiply in the
temperate European zone in hot, wet summers. In the past, evidence for geo-
graphical circulation of WNV was based on antigenic analysis of strains from
different countries while more recent epidemiological studies have relied on
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analysis of nucleotide sequences of the envelope gene. With the reappearance
of epidemic WNV in European countries, interest has been focused again on the
African origin of the causal agent carried by migrating wild birds. In some epi-
demics, isolates were made from human cases or mosquitoes and only serologic
evidence for infection was available from domestic and wild bird populations.
It remains to be determined whether the European endemic foci of WNV are in
themselves sources of infection for other birds that migrate across Europe and
do not necessarily reach sub-Saharan Africa.

As has been described above, specific neutralizing antibodies identified by
nucleotide sequencing show three slightly different sequences of WNV RNA in
tissues of magpies and a blackbird in the UK (Buckley et al., 2003).

Juricova (1988) in the then Czech Republic, examined sera from 62 passeri-
form birds of 14 species, during the autumn migration of 1987 in the Krkonose
mountains; 6.4% were positive for antibodies to WNV.

Much remains to be determined about the role of migratory birds in the
introduction of WNV into the countries of Europe. Non-migratory birds are fre-
quently found infected, but unlike North America do not appear to suffer from
massive mortality.

Conclusions on the public health importance of West Nile virus in Europe

Although the presence of WNV in Europe has been recorded since at
least the early 1960s, the disease is now emerging more frequently in outbreaks
with greater virulence. L'vov et al. (2004) believes that the emerging WNV sit-
uation in Russia has, in part, resulted from the introduction of more viru-
lent strains or by evolution of the virus. In the 1990s and up to the present,
encephalitis has been a more prominent feature of WNV infection in Europe,
the Middle East and the USA, suggesting the emergence of more neurovirulent
strains (Johnson & Irani, 2002). Since 1996, epizootics involving hundreds of
humans, horses and thousands of wild and domestic bird cases of encephali-
tis and mortality have been reported in Europe, North Africa, the Middle East,
Russia and the USA. The biological and molecular markers of virus virulence
should be characterized to assess whether novel strains with increased virulence
are responsible for the proliferating outbreaks. In an outbreak in Volgograd,
Russia in 1999, 40 of 84 (48%) patients with encephalitis died (Gelfand, 2003).
Mortality appears to have increased as well among infected animals and birds.
Many recent outbreaks of WNV show increasing virulence to the elderly; over-
all case fatality rates in recent epidemics of WNV ranged from 4% to 14% with
higher rates in elderly patients. In an outbreak in Israel in 2000, the overall
mortality rate in patients aged 70 years or older was 29%, and 32 of 33 deaths
occurred in patients older than 68 years.
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West Nile virus in Europe is of growing public health importance. The virus
appears to be spreading to geographic areas in which human infections have not
previously been reported. Effective surveillance programmes must be considered
an imperative. In the absence of an effective vaccine, control of the transmission
of WNV must depend on effective control of the mosquito vectors. The extent to
which tick vectors are of epidemiological importance remains uncertain.

Batai virus (Calovo virus)

Batai virus, also identified as Calovo virus, a bunyavirus, was first iso-
lated in Slovakia from Anopheles maculipennis in 1960. It has been isolated in
Norway, Sweden, Finland and northern and southern Russia, the Ukraine, the
Czech and Slovak Republics, Austria, Germany, Hungary, Portugal and Romania.
The principal western European vectors appear to be mainly An. maculipennis and
An. claviger; it has been isolated from Aedes communis and other mosquito species
in Sweden (Francy et al., 1989).

Lundstrom (1994) considered that Batai or Calovo viruses are not associated
with human disease in Western Europe and that their potential for human
disease was low (Lundstrom, 1999). Calovo virus has a very low prevalence
in humans in the Czech Republic due to the marked zoophilia of its vectors
(Danielova, 1990). Surveys in the Czech Republic showed a high prevalence of
Batai/Calovo virus in mammals ranging as high as 23% among deer, boars and
hares (Hubalek et al., 1993). The virus is present at a low level in house sparrows
(Passer domesticus) in Poland (Juricova et al., 1998) and at a higher level (10.9%)
in 608 sheep in Slovakia (Juricova et al., 1986). The virus has also been identi-
fied both in otherwise healthy human subjects and domestic animals in Croatia
(Vesenjak Hirjan et al., 1989).

Shcherbakova et al. (1997) did not find Batai virus in a survey of healthy
residents of the Saratov region of Russia, but 61.2% of 80 bovine samples had
antibodies. While Batai/Calovo virus is widespread in Europe, it does not appear,
at present, to be of public health importance and no clinical disease associated
with it has been reported.

Ockelbo virus

Ockelbo virus is a Sindbis-related virus. First described in Sweden in the
1960s, it is probably also the causative agent of ‘Pogosta disease’ in Finland and
Karelian fever in western Russia (Francy et al., 1989). The many strains of the
Sindbis group are widely distributed throughout Europe, Asia and Africa and
are closely related to Ockelbo and other viruses in northern Europe. The virus is
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maintained in nature in a mosquito-bird transmission cycle and is transmitted
in endemic areas by migratory birds and ornithophilic Culex species and Culiseta
morsitans as vectors (Lundstrom et al., 1992).

The identification of Ockelbo virus as a Sindbis virus was confirmed when
an alphavirus isolated from Culiseta mosquitoes was associated with Ockelbo dis-
ease, an exanthema arthralgia syndrome occurring in Sweden. The isolate was
made from mosquitoes collected in an area of central Sweden with a consider-
able Ockelbo morbidity and was indistinguishable from Sindbis virus. Patients
with Ockelbo disease developed neutralizing antibodies to the virus in their con-
valescent sera, suggesting that it is the aetiologic agent of the disease (Niklasson
et al., 1984).

In the 1980s Ockelbo disease caused outbreaks involving hundreds of cases
in parts of northern Europe. Russia reported 200 and Finland 300 laboratory-
confirmed cases in 1981. An outbreak occurred again in Finland in 1995 when
1400 laboratory confirmed cases were reported. In Sweden, an annual average
of 31 laboratory confirmed cases were diagnosed during the period 1981-1988
although it is believed that as many as 600-1200 cases a year occur (Lundstrom
et al., 1991). In 1982 an outbreak of Ockelbo disease with rash, arthralgia and
moderate fever reactions occurred in Sweden. A virus, designated Edsbyn 5/82,
isolated from mosquitoes and closely related to Sindbis virus, was the probable
aetiologic agent. Most cases occurred in central Sweden. The frequency of anti-
body in healthy individuals (blood donors) within the endemic area was 2-3%
and in foci with a high incidence, reached 8%. Arthralgia is the dominating
feature of Ockelbo disease and may immobilize patients for a week or up to a
month or more (Niklasson et al., 1988).

Ockelbo virus is also identical to Karelian fever, an infection reported from
western Russia. Lvov et al. (1988) examined the causative agents of Ockelbo dis-
ease in Sweden, Pogosta disease in Finland and Karelian fever in Russia; the
results indicated that Ockelbo and Karelian fever viruses are essentially identi-
cal and that Ockelbo disease, Pogosta disease and Karelian fever are synonyms
for the same disease.

The virus has been isolated from many species of mosquitoes including Aedes
cantans, Ae. cinereus, Ae. communis, Ae. excrucians, Ae. intrudens, Culex pipiens, Culiseta
morsitans and Culex torrentium, species which feed upon Passeriformes bird reser-
voir hosts and man.

In Sweden, the incidence of Ockelbo disease and the prevalence of Ockelbo
virus antibodies were investigated in 100-250 human sera from out patient vol-
unteers in each of 21 towns in 11 counties. The disease was found to occur
throughout most of Sweden but with higher incidence and antibody prevalence
in the central part of the country. It generally affects middle-aged men and
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women and is uncommon in people younger than 20 years of age. It occurs
each year between the third week of July and the first week of October, with a
peak during the second half of August. During the 8 years studied (1981-1988),
an average of 31 Ockelbo patients per year were diagnosed. Antibody prevalence
rates were highest in the oldest age groups. It is suggested that many cases are
asymptomatic and/or unreported (Lundstrom et al. 1991).

Sera from 324 birds collected in an Ockelbo endemic area in central Swe-
den were examined for specific antibodies to Ockelbo virus. Birds examined
belonged to the orders Anseriformes, Galliformes and Passeriformes. Ockelbo
virus antibodies were detected in 8% of the specimens, including species from
each of the three orders tested. Specific antibodies found in caged birds and
in 6- to 10-week-old birds suggested local transmission. The highest prevalence
(27%, 14/51) was observed in the Passeriformes in which 5 of 9 species tested con-
tained antibodies. The high antibody prevalence in Passeriformes and the very
large populations of this group in relation to other avian groups in Sweden gives
them a high potential as amplification hosts for Ockelbo virus (Lundstrom et al.,
1992).

In northern Finland, a disease given the name of Pogosta disease and charac-
terized by arthritis, rash and fever was described in 1974. As indicated above, this
disease was later found to be closely related if not identical to Ockelbo disease.
Some 93% of the patients had joint inflammation, 40% with polyarthritis. Rash
was seen in 88% of the patients, and 23% had fever. A follow-up study found
that 50% of the patients suffered from chronic muscle and joint pain at least
2.5 years after the initial symptoms. Outbreaks of Pogosta disease in Northern
Karelia seem to occur every 7 years. A study was made of antibodies in 2250
serum samples in Finland; 400 of the sera were from healthy blood donors and
1850 samples from patients from different parts of Finland suspected to have
a viral infection. Antibody prevalence was almost equally distributed through-
out the country, but highest in western Finland (17%). The authors concluded
that (1) Pogosta disease is more common than previously thought; (2) it is not
restricted to eastern Finland but is spread throughout Finland; and (3) it is
also common in children. In Finland the yearly incidence of Sindbis virus is
2.7/100 000 (18 in the most endemic area of northern Karelia). The annual average
was 136 (varying from 1 to 1282) with epidemics occurring in August-September
with a 7-year interval (Brummer Korvenkontio et al., 2002). As with other virus
infections of the group, the main symptom in humans is a febrile arthritis-like
disease (Toivanen et al., 2002).

While the number of cases of Ockelbo virus in Sweden has recently declined,
the magnitude of the outbreaks in the 1980s demonstrates that there is a con-
siderable potential for further outbreaks. As has been noted in Finland, what
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has been termed Pogosta disease in that country is much more widely spread
than earlier believed (Toivanen et al. 2002) and this may also be the case for
Ockelbo virus.

Inkoo virus

Inkoo virus is a member of the California serogroup of the bunyaviruses,
and has been reported from Estonia, Finland, Norway, Russia and Sweden. Inkoo
virus is transmitted by Aedes communis and Ae. punctor in Scandinavia; it has
been isolated from Ae. communis in Sweden (Francy et al., 1989). In Russia the
virus has been isolated from Ae. hexodontus and Ae. punctor (Mitchell et al.,
1993). The virus is quite common in Finland with its prevalence increasing
towards the north where its prevalence rises to 69% of the population (Brummer
Korvenkontio & Saikku, 1975). Antibody prevalence is also high in parts of
Sweden (Niklasson & Vene, 1996) but in neither country is there any evidence of
human disease caused by this virus. However, in Russia, Demikhov (1995) noted
that patients with antibodies to Inkoo virus had chronic neurological disease;
16.7% of convalescents after the febrile form of the disease and 30.7% of conva-
lescents after the neuroinfection form had for 1-2.5 years (the follow-up period)
after the initial disease developed neurological disturbances and neurological
symptoms. Demikhov & Chaitsev (1995) described severe illness ascribed to infec-
tion with the virus but there was no mortality. While the true incidence of
Inkoo virus is not known, Inkoo and, as will be seen below, Tahyna virus are the
most common California group viruses in Eurasia and must remain under close
surveillance.

Tahyna virus

In 1958 a virus transmitted by a mosquito was isolated in the Slovakian
village of Tahyna (Bardos & Danielova, 1959). The virus was unknown in Europe
and was found to belong to the California group and eventually found to occur
in most European countries. It was considered possible that young hares (Lepus
species) are the hosts for this virus, and that it multiplies in them. Foals and suck
ling pigs are also hosts and possibly also increase the virus. In human patients,
infection with the Tahyna virus appears with influenza-like symptoms. In some
cases, meningoencephalitis and atypical pneumonia were observed but no fatal
cases have been reported (Bardos, 1976). There are no significant clinical dif-
ferences between Tahyna and Inkoo viruses. The symptoms seen in 41 patients
were fever in 25 patients, neuroinfection in 13, and in 3 subjects the infection
was unapparent. Of the patients with the neuroinfectious form of the disease,

27



28

The Vector- and Rodent-borne Diseases of Europe and North America

3 presented with aseptic meningitis, 2 with meningoencephalitis and 5 with
encephalitis.

Butenko et al. (1995) examined 221 healthy persons and 520 patients suf-
fering from acute fevers and neurological infections in four districts of the
Ryazan region of Russia. Of the healthy subjects, 40.7% reacted positively with
Tahyna and Inkoo viruses, indicating many contacts of the population with these
viruses. The aetiological role of viruses of the California encephalitis complex
was demonstrated in 9.8% of 520 patients suffering from acute fevers and neu-
rological infections. The disease was frequently preceded by a visit to woodlands
where the patients had been bitten by mosquitoes. The incubation period lasted
3-7 days and the morbidity was sporadic. In 1991, antibodies to Tahyna virus
were found in 60% of the population of the Sverdlovsk region (Glinskikh et al.,
1994).

Kolman et al. (1979) examined a human population from the southern Mora-
vian region of Czechoslovakia for antibodies against Lednice, Sindbis, TBE, WNV,
Tahyna and Calovo. No antibodies to Sindbis, WN and Calovo viruses were found
but 17.8-42.0% of antibodies to Tahyna virus were detected in all age groups.
The total infection rate was 26.0%. Serum samples from 475 men from differ-
ent districts of the West Bohemian region were examined for the presence of
antibodies against viruses of TBE, Tahyna and Tribec; antibodies against Tahyna
were detected in 4.4% of the sera (Januska et al., 1990).

After the 1997 floods in the Czech Republic, serosurveys were carried out in
the Breclav area. In sera of 619 inhabitants, antibodies to Tahyna virus were
detected in 333 (53.8%) and to WNV in 13 (2.1%).

The vectors of Tahyna virus are mainly pasture-breeding Aedes species; most
isolations of the virus have been made from Ae. vexans. The anthropophilic nature
of this species accounts for the high antibody rates in humans in countries where
the infection is endemic and there is wide distribution of the virus (Danielova,
1990). Table 4.3 presents a listing of countries in which Tahyna virus has been
isolated or in which antibodies have been detected.

Usutu virus

In the summer of 2001, a massive die-off of birds occurred in Austria;
it was first feared that this was due to WNV as a similar massive die-off had
occurred in the USA. A virus was subsequently isolated from birds which exhib-
ited 97% identity to Usutu virus (USUV), a mosquito-borne Flavivirus of the
Japanese encephalitis virus group; USUV had never previously been observed
outside of Africa nor had it been associated with fatal disease in animals or
humans. It seems likely that the virus was brought to Europe by migrating birds
from Africa. It was first isolated from bird-biting mosquitoes (Coquillettidia aurites)
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Table 4.3 Reports of Tahyna virus found in surveys in Europe

Country Results - isolations or antibodies Reference

Austria Aedes caspius Pilaski & Mackenstein, 1989
Austria Aedes caspius, Aedes vexans Pilaski, 1987

Croatia humans Vesenjak Hirjan et al., 1989
Croatia bears Madic et al., 1993

Czech Rep. Aedes cinereus, Aedes vexans Danielova et al., 1976

Czech Rep. Aedes sticticus, Culex modestus Danielova & Holubova, 1977
Czech Rep. birds Hubalek et al., 1989

Czech Rep. Aedes spp., humans Danilov, 1990

Czech Rep. game animals-deer, boars Hubalek et al., 1993

Czech Rep. birds-cormorants Juricova et al., 1993

Czech Rep. birds-ducks Juricova & Hubalek, 1993
Czech Rep. Aedes cinereus, Aedes vexans, humans Hubalek et al., 1999

Czech Rep. birds-sparrows Juricova et al., 2000

France Aedes caspius, humans Joubert, 1975

Germany Aedes caspius Pilaski & Mackenstein, 1989
Germany domestic animals, humans Knuth et al., 1990

Hungary Aedes caspius Molnar, 1982

Italy small mammals Le Lay Rogues et al., 1983
Poland birds-sparrows Juricova et al., 1998
Portugal cattle and sheep Filipe & Pinto, 1969

Russia Anopheles hyrcanus L'vov, 1973

Russia humans Kolobukhina et al., 1989
Russia humans Butenko et al., 1990

Russia humans Glinskikh et al., 1994
Russia Aedes communis, Aedes excrucians Lvov et al., 1998

Romania Cx. pipiens Arcan et al., 1974

Romania cattle, sheep, goats, humans Draganescu & Girjabu, 1979
Slovakia humans, hares (?) Bardos, 1976

Serbia Aedes vexans Gligic & Adamovic, 1976
Slovakia Aedes vexans Danielova et al., 1978
Slovakia humans Kolman et al., 1979

Slovakia sheep Juricova et al., 1986
Slovakia Culiseta annulata larvae Bardos et al., 1978

Spain rodents Chastel et al., 1980

in South Africa in 1959 (Williams et al., 1964) and isolations have been made from

birds, mosquitoes, from a Praomys rat, and one from a man with fever and rash.

In Africa, the virus circulates between birds and mosquitoes with mammals

being inadvertent hosts if bitten by infected mosquitoes. There are no reports of

severe disease in man.
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Usutu virus now appears to be established in central Europe, and may have
considerable effects on avian populations; whether the virus has the potential
to cause severe human disease is unknown (Weissenbock et al., 2002). In 2002 the
virus continued to kill birds, predominantly blackbirds (Turdus merula); it is esti-
mated 30% of the blackbirds around Vienna have died since spring 2001. High
numbers of avian deaths were recorded within the city of Vienna and in sur-
rounding districts of the federal state of Lower Austria, while single mortalities
were noticed in the federal states of Styria and Burgenland. Laboratory-confirmed
cases of USUV infection originated from the federal states of Vienna and Lower
Austria only. Usutu virus has over-wintered and established a transmission cycle
in Austria and seems to have become a resident pathogen of Austria with a
tendency to spread to other geographic areas (Weissenbock et al., 2003b).

By 2004 the virus had spread across the entire east of the country and prob-
ably as far as Slovakia and Hungary. While nuthatches, owls, sparrows, swallows,
thrushes and tits were also dying, blackbirds (Turdus merula) have been by far
the worst-hit species, accounting for 95% of the deaths.

Buckley et al. (2003) reported the presence of virus-specific neutralizing anti-
bodies to WNV, Usutu virus and Sindbis virus in the sera of resident and migrant
birds in the UK, implying that each of these viruses is being introduced to UK
birds; however, no decrease has been seen in avian populations in the country.
The appearance of an arbovirus not previously seen in Europe emphasizes the
need for continual surveillance.

Dengue virus

Dengue was once endemic in the countries of southern Europe where
Aedes aegypti was present. The occurrence in 1927-1928 of a massive epidemic
of dengue with high mortality in Athens, Greece has already been described.
Dengue is the most important arboviral human disease globally, but it has disap-
peared from Europe as an endemic disease. The disappearance of dengue trans-
mission was mainly due to the virtually universal availability of piped water
supplies in Europe and the disappearance of containers such as water jars and
barrels which had been used for storing water for household use and which
served as larval habitats for Ae. aegypti. Grist & Burgess (1994) pointed out that
while the spread of Ae. aegypti in Europe is limited by its cold intolerance, this
is not the case with Ae. albopictus; the reintroduction of dengue transmission
must be considered as a possibility as Ae. albopictus, a species which has been
invading Europe, is a vector of dengue in some parts of the world (Gratz, 2004).
Aedes albopictus strains from Albania have readily transmitted dengue in the lab-
oratory (Vazeille Falcoz et al., 1999). Dengue is often introduced into Europe by
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travellers from endemic countries; a viraemic traveller bitten by Ae. albopictus
could be the source of renewed transmission in Europe (Ciufolini & Nicoletti,
1997), particularly in areas where the density of Ae. albopictus populations is
high.

Each year, an estimated 3 million German residents spend time in dengue-
endemic countries. Schwarz et al. (1996) studied 249 German tourists returning
from tropical areas with a febrile infection. Acute infection with dengue was
diagnosed in 26 (10.4%): most infections were acquired in Thailand (57.7%). In
a study of 670 German aid workers who had spent 2 years in the tropics, 49
(7.3%) were positive for antibodies to dengue, none (1.3%) to chikungunya and 1
(0.1%) to Sindbis virus. The steady increase in case reports of imported dengue
in Germany in early 2001 likely reflects a recently improved surveillance system.
The further steep rise in German case reports, particularly during late 2001 and
the first half 0of 2002, corresponds to a surge of local dengue reporting from many
dengue-endemic areas and probably reflects a true increase in the number of
imported cases. In the number of reports of travel-associated infectious diseases,
dengue fever is second only to malaria (about 1000 cases per year, with a 15% drop
in cases from 2001 to 2002) in Germany. The increase in cases from the fourth
quarter of 2001 to the first quarter of 2002 is mainly due to cases imported from
Brazil. During the first quarter of 2002, the state of Rio de Janeiro recorded
an incidence that was 6.5 times higher than it had been in January through
March of 2001. This state alone accounted for almost 50% of the total cases in
Brazil during this period, including an urban epidemic in the city of Rio de
Janeiro. The city draws large numbers of German tourists, especially during the
festival of Carnival, which may well have contributed to the high number of cases
acquired in Brazil in February and March 2002. The peak in cases imported to
Germany in the second and third quarter of 2002 reflects the dengue season in
Thailand and other parts of South East Asia. In Thailand, dengue transmission
is associated with the rainy season, which varies regionally but in most areas of
the country starts around April. In mid-April 2002, an out-of-season outbreak of
dengue was reported at the island resort of Koh Phangan, which may explain
the high incidence among German travellers in March and April (Frank et al.,
2004).

Lopez Vélez et al. (1996) carried out a clinical study on 37 travellers returning
to Spain from dengue-endemic areas. Anti-dengue antibodies were found in 24
of 37 patients. In 71.4% of the cases seen, dengue was acquired in Asia.

The European Network on Imported Infectious Disease Surveillance has noted
that 45% of dengue cases among returning travellers were acquired by patients
in South East Asia, 19% were imported from South and Central America, 16%
from the Indian subcontinent, 12% from the Caribbean and 8% from Africa. This
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distribution reflects worldwide dengue activity, as well as the popularity of these
countries as tourist destinations. Thailand alone was the place of acquisition
for 134 cases (28%) of all travel-associated dengue infections. In 2002 there was
a proportional rise in the number of infections acquired in South East Asia
compared with 2001. Most patients were European-born travellers (94%), but
immigrants born outside Europe and foreign visitors had a 4.3 times higher risk
of developing dengue haemorrhagic fever compared with those born in Europe
(Wichmann & Jelinek, 2003).

There are many records in the literature of cases of dengue which have been
imported into Europe. The possible renewal of dengue transmission in Europe
would depend on either Ae. aegypti populations being re-established at high
density, which appears unlikely, or the possibility that Ae. albopictus, a species
that has recently been introduced into several European countries where it has
become established, begins to transmit the virus.



5

Mosquito-borne diseases of
Europe - malaria

Until well after the end of World War II, malaria was endemic in much
of southern Europe. The Balkans, Italy, Greece and Portugal were particularly
affected though seasonal epidemics or outbreaks occurred as far north as Scan-
dinavia, e.g. Finland in 1944. The area of malaria distribution in Europe was
greatest at the end of the nineteenth and beginning of the twentieth century.
At that time, the northernmost limit of malaria in Europe ran from central
England to southern Norway, central Sweden, central Finland and Northern
European Russia along the 64° N parallel. The marshlands of coastal southern
and eastern England had unusually high levels of mortality from the sixteenth
to the nineteenth century attributed to an endemic disease known as ‘marsh
fever’ or ‘ague’. The ‘marsh fever’ was, in fact, malaria. Malaria in these coastal
marshlands had a striking impact on local patterns of disease and death (Dobson,
1994). The first noticeable decline of malaria was seen in Europe during the nine-
teenth century due to new agricultural practices and changed social conditions.
The final disappearance of the disease in Europe and North America was due
more to the changed ecological conditions than to the use of DDT (de Zulueta,
1994).

Soon after the end of World War II intensive control measures were initiated
in the malaria endemic areas of southern Europe and, by 1970, malaria transmis-
sion had been virtually eradicated from the continent, an achievement which
contributed to the economic development of the some of the worst affected
areas in south-east Europe. The last indigenous cases occurred in Macedonia in
1974 and the World Health Organization (WHO) declared malaria as eradicated
from Europe in 1975.
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Table 5.1 Number of autochthonous malaria cases registered in the countries of WHO
European Region (the other 37 countries did not register any cases)

Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Armenia 0 0 0 0 1 0 149 567 542 329
Azerbaijan 24 113 27 23 667 2840 13135 9911 5175 2311
Bulgaria 0 0 0 0 0 11 7 0 0 0
Georgia 0 0 0 0 0 0 3 0 14 35
Greece 0 0 0 0 0 0 0 0 n/a 1
Italy 0 0 0 0 0 0 0 2 0 0
Kazakhstan 0 0 1 0 1 0 1 0 4 1
Kyrgyzstan 0 0 0 0 0 0 1 0 5 0
Republic of 0 0 0 0 0 0 2 0 0 0
Moldova

Russian 7 0 0 1 1 4 10 31 63 77
Federation

Tajikistan 175 294 404 619 2411 6103 16561 29794 19351 13493
Turkey 8675 12213 18665 47206 84321 81754 60634 35376 36780 20905
Turkmenistan 0 13 5 1 1 0 3 4 115 10
Uzbekistan 3 1 0 0 0 0 0 0 0 7
Total 8884 12634 19102 47850 87403 90712 90506 75685 62049 37169

Source: Sabatinelli et al., 2001.

Recrudescence of autochthonous malaria in Europe

Autochthonous malaria transmission, albeit on a limited scale, is again
occurring in some countries of Europe as shown in Table 5.1.

Small-scale autochthonous malaria has actually occurred in many countries
of Western Europe in recent years. Most cases have been airport malaria which is
transmission by an infected mosquito arriving aboard an aircraft from a malaria-
infected country; other cases have resulted when a local vector which had fed on
a malaria-infected migrant or returning traveller then transmitted the disease.
In view of the developed public health systems in the countries of Europe, it
is unlikely that malaria transmission will be renewed in Europe other than as
occasional cases. This does not, however, exclude the necessity of a continuing
surveillance of human cases of malaria or of potential vector populations. As will
be discussed later, the possibility that global warming may allow transmission
to resume in Europe, if even on a limited scale, cannot be excluded.

Malaria transmission disappeared from Belgium in 1938 but there have been
several autochthonous cases over the last two decades; all of them were associ-
ated with ‘airport malaria’, the most serious of them a cluster of six cases which
occurred in 1995 (Van den Ende et al., 1998).
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Malaria was eradicated from Bulgaria in 1965. However, in 1995-1996, 18
autochthonous cases of Plasmodium vivax were found in southeast Bulgaria, near
the border with Greece and Macedonia. It was thought likely that the cases
originated from an African migrant who had travelled through the area on his
way to Greece. Anopheles maculipennis is common in the area and may have been
the vector (Vutchev, 2001).

Malaria disappeared spontaneously in France in 1943 except for Corsica. It
was eradicated from that island by residual insecticide applications to houses
carried out in 1959-1960 (Danis et al., 1996). Both as ‘airport malaria’, and by local
transmission, autochthonous malaria has frequently occurred in several parts of
France. In Corsica in 1970-1971, there was an outbreak of 30 cases of P. vivax; An.
labranchiae was still present and local transmission was confirmed by seroepi-
demiological studies (Ambroise Thomas et al., 1972). Nine unexplained malaria
cases occurred in 1969-1978 in northern and central France and appeared to
have been transmitted by indigenous mosquito vectors (Gentilini & Danis, 1981).
In 1991, a farmer who had never travelled outside of the Fréjus area of south-
ern France and who had no history of blood transfusions, fell ill; examination
confirmed that he had P. falciparum. No breeding of Anopheles mosquitoes was
found within a radius of 3 km. There was no international airport close by but a
military camp and a public camping ground were close; it is possible that one of
their inhabitants carried an infected mosquito in their luggage on return from
an endemic area (Marty et al., 1992).

In Germany, malaria transmission was at one time common in the regions of
Friesland and Schleswig Holstein; transmission in these regions disappeared by
1950 and from Berlin in 1951. In 1994, two cases of P. falciparum occurred in Berlin
in patients who worked at a sewage plant and who had no history of travel to
malaria-endemic areas or of blood transfusions. Airport malaria seemed unlikely
as the patients worked 20 km away from Schonfeld international airport. The
most likely origin of the cases was thought to be importation of an infected
mosquito in luggage of a colleague returning from holiday or of a resident of
an international migrant camp located 1500 m from the sewage plant (Mantel
et al., 1998). Two German children with no history of travel or blood transfusion
contracted malaria during a stay in a hospital in the city of Duisburg; a child
from Angola with chronic P. falciparum was also hospitalized at the same time. An.
plumbeus was found breeding nearby and as the temperature was relatively high
during the period the conditions were suitable for autochthonous transmission
which appears to have occurred within the hospital as a nosocomial infection
(Kruger et al., 2001).

In Greece in 1997-1999 four presumably autochthonous malaria cases were
diagnosed in Evros Province, in northern Greece; a further nine persons out of
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1102 tested had specific antibodies against plasmodial parasites (Kampen et al.,
2002). Shortly thereafter, two German tourists fell ill and were diagnosed as
infected with P. vivax after having spent a one-week holiday in Greek Macedonia
south of Thessalonica. The infections most probably were transmitted by the
same mosquito as the patients developed symptoms simultaneously. The most
probable explanation is infection from an asymptomatic carrier of P. vivax ga-
metocytes, who infected the mosquito sometime in the beginning of June before
the visit of the couple.

Malaria-infected travellers from endemic areas are also very frequent in Italy.
These include returning tourists and business travellers, migrants and immi-
grants who have returned from visits to their families in endemic countries. Spo-
radic autochthonous cases have appeared in Italy; Baldari et al. (1998) described
a case of introduced malaria; a woman in Maremma who had no history of
travel to a malaria-endemic area fell ill with P. vivax. House-to-house investi-
gation identified a 7-year-old girl who had had a feverish illness a few days
after her arrival in Italy from India, and who, 3 months later, still had P.
vivax in her blood; she and her mother had antimalarial antibodies. The child’s
father later developed a high fever and parasitaemia. The index case of malaria
was possibly the result of transmission by local anophelines, most probably
An. labranchiae.

An unusual case of what was termed ‘baggage malaria’ was seen in a 2-year-
old infant who contracted P. falciparum malaria in the absence of the usual risk
factors for imported malaria. The clinical history suggested a primary infection
acquired during the winter in his home village near Brescia, Italy (100 km from
Milan international airport). Among families living within 500 m of the child’s
house, four reported having travelled to malaria-endemic areas and seven had
been visited by travellers from the tropics in December-January. Also, in a vil-
lage 3 km away there was a large community of migrants from sub-Saharan
Africa (600 subjects of a total population of 8000). This suggests that infected
mosquitoes can reach areas far distant from international airports having been
packed in baggage in countries with a high density of infected Anopheles (Castelli
et al., 2001).

The importation of active cases of malaria into Italy constitutes a special risk
due to the high population densities of Anopheles vectors of malaria in many
areas of the country especially in rice-field areas.

Large areas of Russia, including the Moscow region, were endemic for malaria
until the implementation of a DDT vector control programme combined with
active case detection, in 1945. Malaria transmission was prevalent in the regions
of Russia where average daily temperatures were above 15°C for more than 30
days a year. Since 1966 the number of imported cases of malaria has increased
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and led to renewed local transmission. During 2000 a total of 763 cases of malaria
were registered in the Russian Federation, 47 of which were autochthonous
(Sokolova & Snow, 2002), including locally transmitted cases of P. vivax in the
area of Moscow (Makhnev, 2002). The incidence of autochthonous malaria cases
in the region of Moscow, has risen from 112 in 1997 to 214 in 2001 and has
necessitated the implementation of an active vector control programme.

Malaria was considered as eradicated in Spain by 1964 and all cases thereafter
were imported. However, a case of P. ovale has been reported by Cuadros et al.
(2002) from central Spain in a woman who had never travelled outside of the
country and had no other risk factors for malaria. This case is the first locally
acquired P. ovale infection in Europe. There were international airports 4 and
18 km from the patient’s home, possibly within the flight range of a mosquito
introduced aboard an aircraft. Transmission may have also occurred after one of
the local potential vectors, An. labranchiae or An. atroparvus, had bitten a migrant
worker.

The most serious problems of resurgent malaria is in the newly indepen-
dent states of Eastern Europe; due to a number of factors including an influx
of refugees from malaria-endemic areas, the breakdown in health services, espe-
cially vector control services, in most of these states and the failure to carry
out adequate malaria surveillance, there has been a return of malaria to coun-
tries from which it had previously disappeared. While a considerable effort is
now being made to control transmission by vector control, the incidence of
autochthonous malaria for the period 1996-2000 remains quite high in some of
these countries (Table 5.2).

Most of the resurgent cases of malaria in Eastern Europe are due to Plasmodium
vivax but there have been an increasing number of cases of P. falciparum. In view
of the mobility of human population, the increased number of autochthonous
malaria cases constitutes a threat to the affected areas of Europe, particularly
the Balkans.

The problem of imported malaria in Europe

Between 10 000 and 12 000 cases of imported malaria are notified in the
European Union each year. Inasmuch as at least an equal number of cases are
not properly diagnosed or reported, the actual number of imported cases may
be as high as 20000 per year. The WHO European Regional Office for Europe
reports that there were a total of 15528 cases of imported malaria in Europe
in the year 2000. The majority of the cases were imported from Africa and
most of these were from West Africa. A study by Muentener et al. (1999) on
the reliability of the reporting of imported malaria cases in Europe showed
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that there was gross under-reporting and marked heterogeneity in the type and
availability of national data. Only Finland, France and the Netherlands have
estimated the level of under-reporting (respectively 20%, 55% and 59%) (Legros et
al., 1998). The largest numbers of cases are recorded in continental France and
the UK among tourists, businessmen, military personnel etc. These imported
cases constitute both a serious public health problem for the recipient countries
and often a grave medical problem for the infected patients. Most of the cases
are P. falciparum and the most common area of origin is Africa. The number
of imported cases has been steadily increasing; there has been an eight-fold
increase in imported cases since the 1970s: 1500 cases were reported in 1972,
13000 cases in 1999. France, Germany, Italy and the UK are the west European
countries with the largest numbers of cases (Sabatinelli et al., 2001). Within the
decade (1989-1999), 680 people have died from imported cases of P. falciparum
infection in the European region; death is often a result of delayed diagnosis as
most physicians are not often confronted with malaria and may have relatively
little familiarity with its symptoms. The increasing frequency of drugresistant
strains of P. falciparum malaria among imported cases complicates treatment and
has probably led to an increase in mortality among the imported cases.

Table 5.2 shows the number of cases of imported malaria from 1996 to 2000 in
the most affected countries though imported cases are reported from virtually
every country of Europe. The situation in some of the countries from which
significant surveillance data are available, will be discussed below. Malaria is a
notifiable disease in all European countries.

Austria

During the period 1990-2000, a total of 924 cases of malaria were
reported as being introduced into Austria or an average of 84 cases of malaria
per year. Of this number, 12 patients died. Almost half the patients had taken
no chemoprophylaxis (333/691); of those travellers who did take prophylaxis,
88 people (30%) had taken insufficient and 29 patients (10%) had stopped their
prophylactic regimen before the full course. Among the reasons given for not
taking chemoprophylaxis were unpleasant side effects, complicated regimens
and incorrect information provided by tour operators, pharmacists or doctors
(Eurosurveillance Weekly, 2001).

Belgium

Most malaria cases imported to Belgium are Plasmodium falciparum
acquired in Africa due to the country’s close ties with some countries of Africa;
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Table 5.2 Imported cases of malaria in Europe 1996-2000

Country 1996 1997 1998 1999 2000
Austria 87 75 80 93 62
Belgium n.a. n.a. 334 369 337
Denmark 191 213 174 207 202
France 5109 5377 5940* 6127* 8056*
Germany 1021 1017 1,008 918 732
Italy 760 814 931 1006 986
Netherlands 308 223 250 263 691
Norway 101 107 88 74 79
Russia 601 798 1,018 715 752
Spain 224 291 339 260 333
Sweden 189 183 172 153 132
Switzerland 292 319 339 313 317
UK 2500 2364 2073 2045 2069
*Preliminary.

van den Ende et al. (2000) studied the epidemiology of imported malaria in
Belgium; the number of reported imported malaria cases remained almost sta-
ble between 1988 and 1997 (249 cases in 1992, 320 cases in 1993). In 1997, there
were more African patients, less infections from Central Africa and 50% less in
residents of Belgium. Fewer patients reported use of malaria prophylaxis. The
causative agent shifted from P. falciparum to other species. In 1988/1989, there
were no deaths, and severe malaria did not increase significantly. Treatment
of imported malaria cases was considered inadequate. Kockaerts et al. (2001)
reviewed the clinical presentations of 101 imported cases at the Leuven Univer-
sity Hospital between 1 January 1990 and 31 December 1999. A serious finding
was that in 48 of the patients (47%), malaria was not suspected by the referring
physician. Only 13% of the malaria patients had taken correct chemoprophy-
laxis according to WHO recommendations. Eighty-three per cent of the patients
were admitted to the hospital with a median duration of hospitalization of
4 days.

Denmark

The number of malaria cases imported to Denmark has been increasing
for some years. In 1999, there were 207 imported, confirmed cases of malaria
in Denmark, a figure that is largely unchanged from 1998 (174), 1997 (213)
and 1996 (191). There was an increase in the number of cases of P. falciparum
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malaria in travellers from Africa to 130 in 1999 as against 90 in 1998, 119 in
1997 and 97 in 1996. Concerned by the low degree of compliance with pro-
phylactic regimes by Danish travellers, Christensen et al. (1996) studied the con-
tributing causes of malaria among them. They found that about 20% of the
patients with P. falciparum malaria had taken no chemoprophylaxis at all while,
in many, inadequate prophylaxis was proscribed or the patients themselves had
under-dosed. Ronne (2000) reported on a survey of the malaria prophylaxis com-
pliance among some 4500 Danish travellers. On journeys of less than 3 weeKks,
about 3%, 6% and 6% stopped taking chloroquine, chloroquine + proguanil and
mefloquine, respectively. On journeys of over 3 weeks, about 5%, 12% and 8%
stopped the respective prophylactic regimens. Molle et al. (2000) gave post-travel
questionnaires during hospitalization to malaria patients, and sent question-
naires by mail to their travelling companions. In total, 142 persons replied.
Only 32% of the travellers used chemoprophylaxis according to Danish recom-
mendations. Twelve per cent of the travellers did not use chemoprophylaxis
at all. The average compliance was 52%. Insufficient drug dosage was reported
by 13%, and use of non-recommended drugs by 7% of the travellers. Thirty-
seven per cent used inadequate anti-mosquito precautions, a problem which
often coincided with irregular use of chemoprophylaxis. The authors concluded
that increased attention from physicians in educating travellers is important
for optimizing malaria prophylaxis. Gjorup (2001) evaluated all patients treated
for malaria at the Department of Infectious Diseases, Rigshospitalet, in 1999-
2000; 70% of the patients had P. falciparum. Of these, 95% had been infected in
Africa and 46% of these patients were Africans living in Denmark. Only 50%
of all patients had taken chemoprophylaxis and of these only half had been
compliant.

Kofoed & Petersen (2003) reviewed imported cases in 320 permanent residents
in Denmark who returned from abroad with malaria from 1997 to 1999. Two
hundred cases of P. falciparum malaria were notified of which 103 had used
chloroquine and proguanil, 16 mefloquine and 3 atovaquone and proguanil as
prophylaxis, whereas the rest had taken other drugs or no prophylaxis. Risk
increased with increasing exposure and compliance was lower especially for
mefloquine users in malaria cases compared with controls. Data showed that
the risk of malaria varied from 1 per 140 travellers to Ghana to 1 per 40 000 to
Thailand.

France

The number of cases of malaria imported into France shows an
increasing trend (Table 5.2); epidemiological data from the French National
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Reference Center for Imported Diseases showed that the estimated cases of
imported malaria in France increased from 5940 in 1998 to 6127 in 1999 and
8056 in 2000. In 2001 the number of estimated cases fell back to 7223. The
regions from which cases originated were tropical Africa (95%), Asia (2.2%) and
Latin America (2.7%). During the 3-year period from 1998 to 2000, there were a
total of 13 autochthonous cases of malaria in France involving patients with no
history of travel to tropical areas.

Of the known, imported malaria cases in France, 83% were due to Plasmodium
falciparum, 6% to P. vivax, 6.5% to P. ovale and 1.3% P. malariae. Less than 10% of the
45% of patients claiming use of prophylaxis complied with the correct regime.
Many of the imported cases were African migrants or African residents of France
returning from a visit to their countries of origin. As more than 20 deaths a year
are due to imported malaria and the average length of hospital stay is a costly
period of 4 days, the public health importance of imported malaria in France
is considerable (Danis et al., 2002). The number of cases of paediatricimported
malaria being seen in France seems to be in constant increase. All paediatric
malaria cases diagnosed by a positive thin or thick blood film at the Versailles
Hospital, from January 1997 to December 2001, were studied retrospectively.
They were 58 cases of uncomplicated malaria and two cases of severe malaria;
85% of the children had travelled to sub-Saharan Africa and 15% to Oceania;
90% of the children were of African origin. Plasmodium falciparum was found
in 84% of the cases. Chemoprophylaxis was inappropriate in 92% of the cases.
No child had profited from preventive measures against mosquitoes (Eloy et al.,
2003).

Germany

Some 3 million Germans go for a 3-4 weeks’ trip to some malaria-
endemic area every year. Around 700-1000 of them are known to fall ill with
malaria, two-thirds of whom are infected with Plasmodium falciparum. Grossly
2% of patients die (Rieke & Fleischer 1993). A total of 1008 imported cases of
malaria were reported in 1998, 918 cases in 1999 and 732 cases in 2000, and in
2001, 1040 malaria cases were introduced into Germany. Most of the infected
patients were 24-45 years of age. Studies on German travellers have shown
that the percentage of travellers above the age of 60 is increasing and that
the number of persons with severe malaria complications is also much higher
among persons above this age. The duration of hospitalization increased with
age from an average of 5 days for the group below 45 years to 21 days for the
elderly of 60 years and above. These findings suggest a higher risk for a severe
course of malaria in the elderly and extensive advice on the correct use of
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precautions against exposure and chemoprophylaxis of malaria is especially
important for travellers above the age of 60 (Stich et al., 2003). Muhlberger et al.
(2003) found that the risk of death due to P. falciparum malaria, of experiencing
cerebral or severe disease in general, and of hospitalization increased signifi-
cantly with each decade of life. The case-fatality rate was almost six times greater
among elderly patients than among younger patients, and cerebral complica-
tions occurred three times more often among elderly patients. Eighty per cent of
the cases acquired infection in Africa, 8.5% in Asia and 5% in Central and South
America. Plasmodium falciparum accounted for the largest number of cases (80%)
followed by P. vivax (12%). In 1999, 60% of all malaria cases were Germans. Most
of them travelled for holidays or study purposes. Twenty deaths, all attributed
to P. falciparum malaria, were notified in 1999, most of them (19) were Ger-
man citizens. In 1999, 61% of the patients had not taken chemoprophylaxis at
all while travelling abroad. Harms et al. (2002) found that among the patients
at a travel medicine clinic in Berlin, only 34% of the returnees from malaria-
endemic areas had taken chemoprophylaxis; in case of travel to Africa and Asia,
chemoprophylaxis corresponded to international standards in only 48% and 23%,
respectively.

Of the imported cases, 82% of the infections had been acquired in Africa
and 11% in Asia. The predominant parasite was P. falciparum (70%), followed by
P. vivax (12% in 2000, and 16% in 2001, respectively). The majority of infections
occurred among tourists, fewer in immigrants or business travellers. Some two-
thirds of all patients had not taken any chemoprophylaxis showing that com-
pliance continued to be low. Mortality decreased from 18 in 2000 to 8 deaths in
2001 (Schoneberg et al., 2003).

Italy

A total of 1992 imported malaria cases were reported in Italy in 1999-
2000. Epidemiological analysis of malaria cases reported in Italy from 1986 to
1996 shows that, despite an increase in the number of people who travelled to
malaria-endemic areas (about 314 000 in 1989 compared with about 470 000 in
1996), the number of cases in Italian travellers remained stable. On the other
hand, the prevalence of cases among immigrants is increasing. The number of
immigrants to Italy from malaria-endemic countries doubled from 1986 to 1992
and is estimated to number about 1.3 million. By 2002, migrants constituted
2.5% of Italy’s population of 50000 000. In 1997, 60% of the 875 malaria cases
registered were among migrants mostly from Africa. About 80% of the migrants
failed to obtain pretravel advice and did not use malaria prevention measures
when travelling back home despite a relatively high knowledge about malaria.
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Many of the children of migrants born in Italy are taken to visit relatives in
their parent’s country of origin and they have never been exposed to malaria
(Scolari et al., 2002). Most of the malaria-infected travellers had taken inappro-
priate treatments or no prophylaxis at all.

Reports from 1989 to 1996 show that half of Italian patients and only 7% of
foreign citizens took chemoprophylaxis while travelling (Sabatinelli and Majori,
1998). Ninety-three per cent became infected in Africa, 4% in Asia and 3% in
Latin America. Plasmodium falciparum accounted for 84% of the cases, followed
by P. vivax (8%), P. ovale (5%) and P. malariae (2%). Deaths corresponded to an
annual case fatality rate of 0.3% in 1999 and 0.5% in 2000. In general, imported
malaria cases reflect the number of Italian travellers who underestimate the risk
of becoming infected on visits to endemic countries and permanent residents
of African origin who visit their relatives in their native countries (Romi et al.,
2001). In the summer of 2000, 22 imported malaria cases, 21 caused by P. falci-
parum, were observed among illegal Chinese immigrants in northern Italy. The
rate of severe disease was high because the patients were not immune and they
sought health-care services late in their illness because of their clandestine sta-
tus. Recognition of the outbreak was delayed because no regional alert system
among infectious diseases hospitals was in place (Matteelli et al., 2001).

Netherlands

The number of cases of malaria imported into the Netherlands has been
increasing, especially among migrants (Makdoembaks & Kager, 2000). The actual
number of cases appears to be seriously under-reported; Van Hest et al. (2002)
found that the number of cases of malaria diagnosed by laboratories in the
Netherlands was much greater than the number of cases notified by physicians
and estimated that as many as one third of the cases of imported malaria may
go unreported. Reep Van den Bergh et al. (1996) concluded that the degree of
under-notification of malaria in the Netherlands was at least 59% in the period
January 1988 to June 1993 inclusive and has increased by 10% each year; by
this estimation at least 3170 travellers returned to the country infected with
malaria in the period. Most cases seen were P. falciparum. Wetsteyn et al. (1997)
noted that the degree of compliance with proper chemoprophylaxis by Dutch
travellers was actually decreasing, and among migrants returning to Africa or
Asia for visits compliance was very poor. The lack of chemoprophylaxis compli-
ance among migrants and hence the number of imported malaria cases among
migrants coming to or returning to the Netherlands is changing; in the Nether-
lands, for the period 1979-88, only 15% of cases were persons originating in a
malaria-endemic area, whereas for the period 1991-94, about 40% of cases were
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in persons from malaria-endemic areas and 8% of cases were in children born to
settled immigrants resident in the Netherlands (Schlagenhauf & Loutan, 2003).

Portugal

In 1985-1995, Portugal recorded 964 cases of imported malaria
(Muentener et al., 1999); in a survey of 205 cases diagnosed as malaria in the Infec-
tious Diseases Hospital in Lisbon during 1989-1995, 47% of the cases originated
from Angola and 95% were due to P. falciparum; 19% of the patients developed
severe complications and 6 patients died (Proenca et al. 1997). The number of
imported cases has not exceeded 100 since 1991. However, Hanscheid et al. (2003),
concerned by the possible misdiagnosis of malaria in the country, checked a
cohort of patients at a teaching hospital in Lisbon by blind screening of all sam-
ples with <100 000 thrombocytes/uL by thick-blood film microscopy and found
5 unsuspected cases of malaria including 3 of P. falciparum. The authors felt that
the problem of clinically unsuspected malaria seems to be more common than
generally expected.

Romania

In the decade 1985-1995, only 146 cases of imported malaria were
reported in Romania; however, in 1999, 32 cases of imported malaria were
recorded, most of them P. falciparum imported from Africa. The remainder of
the cases were P. vivax originating in Turkey. The vectors An. atroparvus and An.
sacharovi have disappeared from the previously endemic areas of malaria in the
Danube Plain and Dobrudja; this is thought to be due to ecological changes
including water management and changed agricultural practices as the increase
in mechanized farming has led to reduced numbers of draught animals in the
region. Bilbie et al. (1978) considered that the development of a new malaria
epidemic in this area was now unlikely.

Russia

The eradication of malaria in what was then the USSR was certified by
the WHO in 1961. The problem of imported cases of malaria began soon after;
Dashkova et al. (1978) recorded that among 294 cases of malaria introduced into
Moscow, in 1974-1976 from 45 countries, P. falciparum was the most common
(60.8%), mainly from West Africa, and mostly by residents of the countries of
that region. A high percentage (72.9%) of carriers of malaria was found among
persons visiting the USSR for the first time. The increase in imported cases of
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malaria was also noted in Lenningrad (St. Petersburg) among students coming
to study, among African students returning from holidays in their home coun-
tries and among Soviet citizens returning from missions to malaria-endemic
countries (Shuvalova & Antonov, 1982). A more serious source of imported cases
of malaria was the Soviet military action in Afghanistan. Between 1981 and
1989, a total of 7683 cases of P. vivax malaria were imported into the USSR
from Afghanistan, mainly by demobilized military personnel. For 23.8% of these
cases the clinical manifestations appeared within a month of returning to the
USSR, for 22.5% after 1-3 months, for 20% after 4-6 months, for 2% after >1
year, and for 0.6% after >2 years. In 13 patients the clinical manifestations of
malaria appeared 3 years after returning from Afghanistan (up to 38 months).
Nearly 69% of the patients did not take malaria prophylaxis at all while in
Afghanistan, and 19% took chloroquine irregularly. Only 12.5% of the patients
received a full course of prophylactic treatment with primaquine before leaving
Afghanistan (Sergiev et al., 1993). From 1992 the numbers of imported and local
cases of malaria have further increased in Russia and in the countries included
in the former USSR. The increase is attributed to migrations, wars, insufficient
supplies of antimalarial drugs and insecticides and a reduction in the num-
bers of specialists in malaria. Plasmodium vivax malaria is present in Dagestan,
Azerbaijan, Turkmenistan, Uzbekistan and Tajikistan and accounted for most
cases imported into Russia since 1993. Plasmodium falciparum malaria is present
in parts of Tajikistan adjoining Afghanistan. It has been noted that the num-
ber of cases of P. vivax malaria with long incubation periods has increased. In
1997, 760 cases of imported malaria, 20 of which were local and 13 of which
were secondary to imported cases were recorded in Russia (Baranova et al.,
1998).

Moscow itself has been experiencing a rising number of autochthonous cases
of malaria. The number of registered malaria cases rose from 112 in 1997 to
214 in 2001. A total of 728 people have been infected between 1997 and 2001
in the area. The presence of seasonal workers from Azerbaijan and Tajikistan
is a factor that has led to an increase in local transmission. Under suitable
climatic conditions, vectors such as An. messeae and An. maculipennis mosquitoes
will transmit malaria. The greatest number of cases to be acquired locally (94)
was reported in 2001 in the Moscow and Moscow Region.

Spain

Over the 10-year period 1985-1995, Spain reported 1927 cases of
imported malaria (Muentener et al., 1999). Lopez Vélez et al. (1999) noted that the
number of Spanish travellers visiting malaria endemic areas, and the number of

45



46

The Vector- and Rodent-borne Diseases of Europe and North America

immigrants from malarial countries arriving in Spain is continually increasing;
of the imported cases, one third occurred in immigrants and two-thirds in
nationals. Among the Spanish nationals, 44% did not follow any prophylaxis,
29% followed a correct prophylaxis, 27% were considered defaulters, and 39%
took self-treatment without cure. In a hospital in Barcelona, 80% of the imported
malaria cases seen were due to P. falciparum, and only 10% of the patients had
taken a correct course of chemoprophylaxis (Bartolome Regue et al., 2002). Most
of the imported cases of malaria in Spain originate from sub-Saharan Africa and
a large proportion of these among immigrants from Equatorial Guinea. Rotaeche
Montalvo et al. (2001) reviewed the imported cases of malaria in Spain between
1996 and 1999; the annual number of imported cases is increasing and was 224,
291, 389 and 260 for the years 1996, 1997, 1998 and 1999, respectively. Most cases
were recorded in the 21- to 40-year age group and almost twice as many males
as females were infected. Tourists were responsible for most of the imported
cases, closely followed by immigrants; religious pilgrims, temporary workers
and sailors were also responsible for a significant number of cases. Most cases
originated in Affrica, especially in Equatorial Guinea.

The origin of a locally acquired case of P. ovale in central Spain (Cuadros et al.,
2002) remains unresolved but emphasizes the possibility of local transmission
of malaria occurring with its origin as an imported case.

United Kingdom

There are a large number of yearly cases of imported malaria in the
UK. In the decade 1985-1995, 21 919 cases of malaria were imported into the UK
(Muentener et al., 1999). In 1999 a total of 2045 cases of malaria were imported
and there were 14 deaths, and in 2000 there were 2069 cases. Most of the cases
originate in Africa.

Despite the large number of malaria cases imported into the UK, there is
evidence that surveillance remains unsatisfactory. Therefore, an active surveil-
lance system was established and data on malaria cases diagnosed between
1 January and 31 December 2000 were gathered from local laboratories, the
Malaria Reference Laboratory and local neighbouring health authorities. In total,
320 cases were identified in local residents (42.33 per 100 000). Of these 320, 293
were laboratory confirmed (38.75 per 100 000) and there were 47 notifications
on clinical suspicion. Only 6.8% (20) laboratory-confirmed cases were formally
notified. Males of African descent aged 25-39 years who travelled to West Africa
were most affected, and 92.5% of the cases were of P. falciparum infection. The
surveillance programme confirmed that formal malaria notifications in the UK
are unreliable (Cleary et al., 2003).
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Children travelling to malaria endemic countries are at particular risk of con-
tracting the disease. Ladhani et al. (2003) carried out a retrospective study of all
children with malaria admitted to two East London hospitals between 1996 and
2001 using notifications and hospital discharge data. A total of 211 children,
with a median age of 9 years (range, 11 to 179 months) were identified. Children
living in the UK who acquired malaria while visiting a malaria-endemic country
on holiday accounted for 82% of cases, whereas the rest were children visiting
the UK from endemic areas. Three-quarters of children who had travelled to a
malaria-endemic area were born in the UK, and 93% were of Black African eth-
nicity. P. falciparum acquired in Africa accounted for 91% of cases. Although 42%
of children took antimalarial prophylaxis, only 15% of medications were accord-
ing to recommended guidelines. Another family member, most often a sibling,
was found to have concurrent malaria in 23% (49 of 211) of cases. Fortunately,
most children had a low level parasitaemia and uncomplicated malaria, and
they responded rapidly to antimalarial treatment.

Childhood malaria also constitutes a problem in other areas of the city of
London; Williams et al. (2002) examined the changes in the presenting number
and species of imported malaria in children in southwest London. A study over a
period of 25 years (1975-1999) of all cases of paediatric malaria seen at St George’s
Hospital was carried out. A confirmed diagnosis was made in 249 children (56%
boys; 44% girls; median age 8.0 years). Of these, 53% were UK residents and
44% were children travelling to the UK. A significant increase was noted in the
number of cases over the 25 years (1975-1979: mean 4.8 cases/year; 1990-1999:
mean 13.7 casesfyear). Over the 25 years P. falciparum was seen in 77%, P. vivax
in 14%, P. ovale in 6%, and P. malariae in 3% of cases. Plasmodium falciparum had
increased in frequency (1975-1979: P. falciparum 50%, P. vivax 50%; 1990-1999:
P. falciparum 82%, P. vivax 6%), associated with an increase in the proportion
of children acquiring their infection in sub-Saharan Africa. Over the 25-year
period there has been no improvement in chemoprophylaxis use or time to
diagnosis.

The Gambia is a popular winter holiday destination for UK and other
European travellers; in 1999, The Gambia recorded 40 588 arrivals of UK nation-
als at its borders, 25393 German nationals, and 9625 Dutch nationals. Between
1997-2002, The Gambia was the source of 385 cases of malaria in the UK inclu-
ding 8 deaths, a case fatality rate of 2%. This represents around 4% of all imported
cases of P. falciparum malaria and over two and a half times the overall case fatal-
ity rate of P. falciparum malaria reported in the UK. The Gambia, a very small
country, is therefore the source of almost 12% of all deaths from malaria that
occur in the UK. Most visitors to The Gambia are non-immune holidaymakers,
often unaware of the potential severity of malaria. Without use of appropriate
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chemoprophylaxis, non-immune travellers to West Africa are at a high risk of
contracting malaria (Bradley & Lawrence, 2003).

Moore et al. (2004) conducted a case-control study to investigate risk factors
for malaria among travellers to The Gambia; the participants had visited The
Gambia between 1 September and 31 December 2000, travelling with the largest
UK tour operator serving this destination. Forty-six cases and 557 controls were
studied. Eighty-seven per cent of all participants reported antimalarial use. The
strongest risk factors for disease were: early calendar period of visit, longer dura-
tion of stay, non-use of antimalarial prophylaxis, non-use of mefloquine, lack of
room air-conditioning, less use of insect repellent, prior visit to another malar-
ial area and accommodation in a certain hotel in the country. These findings
are probably applicable to persons visiting most of the highly malaria-endemic
countries in AfTica.

The question has been frequently raised as to whether the importation of
large numbers of cases of malaria into the UK carries the risk that local trans-
mission might again be established. Kuhn et al. (2003) analysed temporal trends
in malaria in Britain between 1840 and 1910, to assess the potential for re-
emergence of the disease. Their results demonstrated that at least 20% of the
reduction in malaria was due to increasing cattle population and decreasing
acreage of marsh wetlands. Although both rainfall and average temperature were
associated with year-to-year variability in death rates, there was no evidence for
any association with the long-term malaria trend. Model simulations for future
scenarios in Britain suggest that the change in temperature projected to occur
by 2050 is likely to cause a proportional increase in local malaria transmission
of 8-14%. The current risk is negligible, as the >52 000 imported cases since 1953
have not led to any secondary cases. The projected increase in proportional risk
is clearly insufficient to lead to the re-establishment of endemicity.

Behrens & Roberts (1994) made an economic appraisal of the benefits of
chemoprophylaxis against malaria; the high incidence of imported malaria
(0.70%) and low costs of providing chemoprophylaxis gave a cost-benefit ratio
of 0.19 for chloroquine and proguanil and 0.57 for a regimen containing
mefloquine; they concluded that costs of treating malaria greatly exceed costs of
chemoprophylaxis, and therefore that prevention is highly cost effective. How-
ever, a survey of 172 general practitioners practicing in the West Yorkshire area
of the UK who have travelled to South Asia showed that of the 145 (84%) respond-
ing to the survey, 50 (35%) took no chemoprophylaxis, 28 (19%) did not complete
the chemoprophylaxis course, and 67 (46%) were fully compliant (Banerjee &
Stanley, 2001).

The low compliance with recommended malaria prophylaxis is due in great
part to the fact that many travellers simply do not seek advice. The European
Travel Health Advisory Board conducted a cross-sectional pilot survey to evaluate
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current travel health knowledge, attitudes and practice (KAP) and to determine
where travellers going to developing countries obtain travel health information,
what information they receive and what preventive travel health measures they
employ. A total of 609 responses were collected at the departure gates of three
international airports: London Heathrow, Paris Charles de Gaulle and Munich.
The study showed that more than one-third of travellers questioned had not
sought pretravel health advice and of those who did, over 20% sought advice 14
days or less prior to travel. One-third of the respondents were aged 50 or more,
and 20% had planned their trip less than 2 weeks before leaving. Only a minority
had taken chemoprophylatic drugs as per the World Health Organization or
national recommendations. Respondents often misperceived both the risk of
malaria at the destination and recommended preventive measures (Van Herck
et al., 2003).

Imported malaria in other countries of Europe

Obviously, the number of imported cases of malaria in other countries
of Europe is a function of the number of travellers from those countries visiting
malaria-endemic countries and the degree of their compliance with effective pro-
phylactic measures. The number of tourists and persons travelling for business
is steadily rising in the countries of Eastern Europe; the degree of compliance
is similar to that of the countries described above and will surely result in a
steady increase in imported cases.

More effort should be devoted to making travellers aware of the necessity
of complying with a correct regime of chemoprophylaxis when travelling to
countries where they will be exposed to malaria; in view of the growing prob-
lem of P. falciparum drug resistance, physicians and health clinics should have
information on the most appropriate antimalarial drugs for chemoprophylaxis
and treatment. A large proportion of the cases of malaria introduced by trav-
ellers will be resistant to one or, frequently, several, of the antimalarial drugs,
thus presenting a therapeutic challenge to health-care professionals. Virtually
every review of imported malaria in Europe emphasizes the low percentage com-
pliance with chemoprophylaxis among travellers to malaria-endemic countries
and, in particular among those persons who fell ill with malaria on return from
travel.

Airport malaria

Local transmission has frequently occurred in Europe in the form of
airport malaria; this is the transmission of malaria as a result of the inadver-
tent transport of live, malaria-infected mosquitoes aboard aircraft arriving from
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tropical malaria-endemic countries. Some 90 cases of airport malaria have been
recorded, most of them in Europe; most of the cases in Europe have occurred
in countries which have the most air transport connections with Africa, i.e. Bel-
gium, France, Switzerland and the UK (Gratz et al., 2000). In the summer of 1995
six cases of airport malaria occurred at the international airport of Brussels, Bel-
gium. Of the 6 patients 3 were airport employees and 3 were occasional visitors.
One patient died and the diagnosis was made by PCR amplification and DNA
sequencing after exhumation. Two different species of Plasmodium were detected,
and infections occurred on at least two different floors of the airport. An inquiry
revealed that the cabins of aeroplanes were correctly sprayed, according to the
WHO recommendations, but that the inside of the hand luggage bins, the cargo
hold, the animal compartment, the wheel bays and the containers remain pos-
sible shelters for infected mosquitoes (van den Ende et al., 1998). In the Nether-
lands, P. vivax malaria has recently been reported in a woman who had never
travelled to an endemic area but lives near Schiphol airport, Amsterdam (Thang
et al., 2002). Airport malaria poses a particular health risk as it can occur among
people living near international airports but who have had no travel exposure to
malaria; consequently diagnosis is often delayed which may result in prolonged
illness and even death. Many cases of airport malaria occur in countries where
malaria transmission has long since been eradicated and may go undiagnosed
and unreported.

The transport of mosquitoes, and other vectors, aboard aircraft has also
resulted in the introduction of vector species into countries in which they have
not previously been found, though this has not occurred in Europe. The number
of mosquitoes which may be imported aboard aircraft can be substantial. Karch
et al. (2001) conducted a survey between August and September 2000 of aircraft
arriving at Paris Roissy airport, France. Cabin and cargo areas of 42 aircraft arriv-
ing from tropical Africa were examined upon arrival. Several live mosquitoes
were found: 2 Anopheles gambiae, one in the passenger cabin, engorged with fresh
blood and one in the walkway, non-bloodfed; 3 Culex quinquefasciatus, 1 in the
passenger cabin, 1 in the cargo hold and 1 in the walkway. In Africa for every 100
female An. gambiae an average of 3 are infected and able to transmit malaria,
which might also apply on aircraft on arrival at an airport. There has been
opposition expressed to the spraying of aircraft in the belief that the pyrethroid
insecticides recommended by the WHO may constitute a health hazard; this was
considered by Aitio (2000) who concluded: ‘At present, there is no information
that would contradict WHO’s advice that aircraft disinfection is necessary when
there is a risk of vector spread and that permethrin and phenothrin, when used
for this purpose in accordance with WHO recommendations are safe.
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Malaria may also be introduced as a result of mosquitoes imported aboard
vessels; P. falciparum malaria occurred during the summer of 1993 in two inhab-
itants living close to Marseille harbour. History of blood transfusion and travel
outside France were excluded as was airport malaria. Entomological investiga-
tions confirmed the absence of Anopheles breeding sites in the port area. An
hypothesis is that transmission occurred following the introduction of Anopheles
on a ship coming from tropical Africa (Delmont et al., 1994). Indigenous malaria
disappeared from Belgium in 1938 but indigenous malaria was detected in a
patient living 3.5 km from the port of Ghent. An infected Anopheles mosquito
from a cargo load or baggage aboard an incoming vessel could have flown this
distance (Peleman et al., 2000).

Autochthonous malaria does not constitute a grave problem in Europe though
sporadic cases and even small outbreaks continue to occur. It is likely that nor-
mal medical surveillance and reporting would detect any sizeable outbreak rela-
tively quickly ensuring that appropriate chemotherapy and vector control meas-
ures were undertaken. However, imported malaria is a serious and growing prob-
lem in Europe, often under-reported and incorrectly diagnosed. Such cases can
be the source of local outbreaks. The surveillance of malaria should remain a

priority.
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Mosquito-borne filarial infections

Dirofilaria immitis and D. repens, the agents of human pulmonary and
subcutaneous dirofilariasis respectively, may coexist in areas of southern Europe.
They are the only filarial parasites in Europe occasionally transmitted to man.
The usual hosts of these nematodes are domestic and wild carnivores. Dogs are
the most common host though cats, foxes (Vulpes vulpes) and wolves among other
carnivores may also serve as hosts. In their canine and feline hosts these para-
sites are commonly known as canine heartworm. The vectors include mosquito
species in the genera Aedes, Anopheles and Culex.

Canine subcutaneous and cardiopulmonary dirofilarioses are widely extended
through the southern countries of the continent and are less frequent or com-
pletely absent toward the north. Italy, Spain, France, Portugal and Greece are the
countries where epidemiological studies have demonstrated the presence of both
D. immitis and D. repens in domestic (dogs and cats) and wild carnivores (mainly
foxes). Italy is the European country where Dirofilaria species are most frequently
found. The northern limit in which these two species have been reported, is the
area of Cherbourg, France (Doby et al., 1986). There is clear evidence that Dirofi-
laria infections are spreading in animal populations (Rossi et al., 1996). Mosquito
density and large numbers of microfilaraemic dogs are the most important risk
factors for the transmission of the infection to humans. Dirofilaria repens infec-
tion is the most frequent and widespread dirofilariasis species.

Human infection manifests with either subcutaneous nodules or lung
parenchymal disease that may be asymptomatic. The significance of infection
in humans is that pulmonary and some subcutaneous lesions are commonly
labelled as malignant tumors requiring invasive investigation and surgery before
a correct diagnosis is made. The pathology of the condition is associated with
aberrant localization of immature worms that do not reach maturity and if
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they mate microfilariae are rarely formed and so microfilariae are almost always
absent in the blood. The most common reported manifestation of human diro-
filariasis is subcutaneous nodular disease caused by Dirofilaria repens, with more
than 400 case reports in the medical literature. There are endemic foci for D.
repens in southern and eastern Europe, Asia Minor, central Asia and Sri Lanka.
Dirofilaria immitis infection is usually associated with pulmonary lesions or coin
lesions of the lung.

Italy has the highest prevalence of human dirofilariasis in Europe (66% of
the total cases), followed by France (22%), Greece (8%) and Spain (4%). Cases of
canine and human disease have been described in northern European coun-
tries, but these have all been the results of patients having been exposed during
a southern European visit. The prevalence of human dirofilariasis due to D.
repens in Italy is relatively high especially in the area of Piedmont comprising
the provinces of Alessandria, Asti, Novara and Vercelli, which is one of the most
severely affected areas of the world (Pampiglione et al., 2001). In the Piedmont
region, four mosquito species (Aedes caspius, Anopheles maculipennis s.1., Culex mod-
estus and Cx. pipiens) play a role in the transmission of canine filariasis (Pollono
et al., 1998).

Human dirofilariasis due to D. immitis is less common in Europe than D.
repens-induced disease. Dirofilariasis is endemic in canine populations in several
countries from which human cases have also been reported including Hungary,
Portugal, Serbia and southern Switzerland (Bucklar et al., 1998). The true preva-
lence of human exposure and disease with D. immitis is probably underestimated
as canine infection is widespread.

A seroprevalence study of humans in Spain, where 33% of dogs are infected
with D. immitis, revealed that 22% of the human population had antibodies to
the parasite. IgG seroconversion was most prevalent in people older than 60
while IgM seropositivity was most commonly observed in those younger than
19 years. The authors concluded that human contact with D. immitis in this
endemic population begins at an early age (Nissen & Walker, 2002).

In the Ticino region of southern Switzerland dirofilariasis is common among
dogs; of blood samples taken from 308 local dogs, 10.7% were circulating microfi-
lariae for D. immitis and 5.5% for D. repens. Infective stages of D. immitis were found
in local strains of Aedes geniculatus and Culex pipiens, following engorgement on a
microfilaraemic dog; Ae. vexans was the most abundant mosquito species in the
area (Petruschke et al., 2001).

The public health importance of dirofilariasis

No fatality directly due to dirofilariasis has been recorded in the medical
literature. Infection is symptomatic in 38-45% of cases. The primary significance
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of infection in adults is the confusion and invariable radiological misdiagnosis
of a primary or metastatic lung tumour, which usually leads to thoracotomy
with open lung biopsy or resection of the lung to obtain the correct diagnosis.
Infections can remain unidentified due to poor knowledge of the parasite on
the part of physicians. Considering the high rates of seropositivity found in
serological surveys for the parasites the number of human cases is probably
considerably underestimated. Contact of humans with these parasites is more
frequent than shown by the number of clinical cases published, and, as most
individuals do not develop symptoms, the infections are not diagnosed.
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Sandfly-borne diseases

Sandfly-borne diseases - viruses

The sandfly-transmitted viruses are all in the Bunyavirus group, the
Phleboviruses; some 45 viruses are associated with sandflies globally. Some Phle-
boviruses are transmitted by mosquitoes, e.g. Rift Valley fever, and some by ticks,
such as Crimean-Congo haemorrhagic fever. The sandfly-transmitted fevers iden-
tified in Europe include Arbia virus, Corfou virus, Naples virus, Radi virus, Sicil-
ian virus and Toscana virus. Arbia virus has been isolated from the sandflies
Phlebotomus perniciosus and P. perfiliewi in Italy, and Corfou virus from P. major
on Corfu Island, Greece. Neither of these viruses appear to be of public health
importance.

The three sandfly-transmitted Phleboviruses in the Mediterranean region
causing human disease are Sicilian virus, Naples virus and Toscana virus. Sand-
fly fever is an acute, selflimited flu-like illness of 2-5 days duration. Onset is
sudden with a fever, severe frontal headache, low back pain, myalgia, marked
conjunctival secretion, malaise and occasionally nausea. Recovery is complete.
No deaths from sandfly fever have been reported although weakness and depres-
sion may persist for a week or more after acute illness (Tesh, 1989). The public
health importance of sandfly fever lies in the large numbers of non-immune
persons, such as tourists or military, who may fall ill with the infection after
entering an endemic area.

Sandfly fever in Europe

Naples and Sicilian viruses are largely responsible for the sandfly-borne
diseases widely known as ‘pappataci fever’ or sandfly fever. Both are common
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throughout southern Europe, the Balkans, the eastern Mediterranean including
Cyprus, along the Black Sea coast and extending eastwards. The two viruses
frequently overlap. In Europe they are found mainly in areas where the sandfly
Phlebotomus papatasi occurs (Tesh et al., 1976). After the end of World War II and
with the widespread application of DDT residual house-spraying for control of
malaria vectors in much of southern Europe, Sicilian and Naples viruses virtually
disappeared (Nicoletti et al., 1996). However, with the cessation of house-spraying,
transmission resumed and the incidence of these two viruses is now high in
most endemic areas; illness from these viruses is a significant public health
problem although clinical data are sparse. In a survey of the Adriatic littoral of
Croatia, 23% of the persons surveyed were positive for the Naples virus (Borcic &
Punda, 1987). Surveys in Greece in 1981-1988 showed antibodies to Naples virus
in 16.7% and to Sicilian virus in 2% of the population. In Cyprus high antibody
prevalence rates of 57% and 32% to Naples and Sicilian viruses, respectively,
show that the sandfly fevers pose a significant public health problem in the
country (Eitrem et al., 1991a). The importation of sandfly fevers by tourists and
soldiers returning from endemic areas is a growing problem. Many Swedish
tourists returning from Cyprus and Spain were antibody positive in 1987; serum
from a group of 95 tourists indicated that only 20% of the real number of
sandfly fever infections had been correctly diagnosed by physicians (Eitrem et al.,
1991b).

Toscana virus was isolated from P. perniciosus in Tuscany in Italy in 1971 (Nico-
letti et al., 1996). It has been associated with acute neurological disease; clinical
cases of aseptic meningitis or meningoencephalitis caused by Toscana virus are
observed annually in Central Italy during the summer. Acute meningitis is per-
haps the most frequent central nervous system infection in Tuscany. Valassina
et al. (2000) found that a high percentage of such cases were due to infections
with Toscana virus and concluded that Toscana virus is the most common viral
agent involved in acute infections of CNS in children in central Italy. Braito et al.
(1998) determined that the virus is responsible for at least 80% of acute viral
infections of the CNS in children in Siena during the summer.

Toscana virus is widely distributed in Italy; a serological survey was carried
out on 360 serum samples from a high-risk population occupationally exposed
to Toscana virus in two regions of Italy, Tuscany and Piedmont; the results indi-
cated a high seroprevalence of Toscana virus of 77.2% in the forestry workers,
particularly in the Tuscany region. The distribution and prevalence of the virus
correlated with the ecological niches specific for the survival of the sandfly vec-
tor (Valassina et al., 2003b). Francisci et al. (2003) reported the circulation of
Toscana virus in the Umbria region of Italy for the first time; from 1989-2001,
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specific antibodies were found in 36.6% of cases of aseptic meningitis, in 6.06%
of meningoencephalitis and in 16% of healthy subjects. Because of the serious
illness that may result from infections with Toscana virus, it is an important
public health problem. Cases have been detected among tourists returning home
from holiday in Italy (and other endemic areas).

Toscana virus has also been reported from France, Portugal, Cyprus and Spain.
In Cyprus, 20% of the antibodies collected from 479 healthy people were posi-
tive for Toscana virus (Eitem et al., 1991a). The frequency of neuropathic infec-
tion due to Toscana virus infection increases in the summer months, peaking
in August in the endemic Mediterranean areas of Italy, Portugal, Spain and
Cyprus (Valassina et al., 2003b). In Spain, Mendoza-Montero et al. (1998) stud-
ied 1181 adults and 87 children from different regions of Spain and found
high prevalence rates of 26.2% compared to 2.2% for Sicilian virus and 11.9%
for Naples virus. Echevarria et al. (2003) studied a collection of 88 sera and 53
cerebrospinal fluid samples from 81 patients with acute aseptic meningitis of
unknown aetiology, residing in Madrid or the southern Mediterranean coast of
Spain. Anti-TOSV (Toscana) IgG was also investigated in 457 serum samples from
healthy individuals from the south of Madrid. Specific IgM in serum and anti-
TOSV IgG were detected in 7 patients, 3 were residents of the Mediterranean
region and 4 came from the Region of Madrid. The overall prevalence of anti-
bodies among the healthy population studied was 5%. These results confirm
the role of Toscana virus as an agent causing illness on the Spanish Mediter-
ranean coast and extend the findings of Toscana virus to the central region of
the country; they suggest that the virus might be producing infection and neu-
rological disease in every area of Spain having dense populations of the sandfly
vectors.

Sandfly-borne diseases -- Leishmaniasis

Leishmaniasis is a protozoan disease whose clinical manifestations are
dependent both on the infecting species of Leishmania and the immune response
of the host. Transmission of the disease is by the bite of a sandfly infected
with Leishmania parasites. Infection may be restricted to the skin in cutaneous
leishmaniasis (CL), limited to the mucous membranes in mucosal leishmaniasis,
or spread internally in visceral leishmaniasis (VL), also called kala-azar.

Leishmaniasis is found in more than 100 countries, mainly in tropical and
subtropical areas but is also widespread in southern Europe. The overall preva-
lence of leishmaniasis is 12 million cases worldwide, and the WHO estimates
that the global yearly incidence approaches 2 million new cases (WHO Fact Sheet
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no. 116, 2000). In Mediterranean Europe, VL was traditionally a childhood dis-
ease whereas today the disease strikes immunocompromised patients. In these
atypical forms of VL, diagnosis and treatment are particularly difficult and the
infection presents a serious problem. Surveillance and accurate diagnosis of VL
are of the utmost importance as classic VL is usually fatal if untreated.

In Europe, VL is found in Albania, Bosnia, Croatia, Cyprus, France (southern
regions: Nice, Marseille, Montpellier, Toulon, Avignon, Alpes-Maritimes), Greece,
Hungary, Italy, Macedonia, Malta, Montenegro, Portugal, Romania, Spain, Serbia
and Turkey. Leishmania infantum, (Leishmania donovani infantum of some authors) is
the causative organism of VL, or kala-azar, in Europe and in most of the Mediter-
ranean basin. The main reservoir host is the dog and, to a lesser extent, foxes
(Vulpes vulpes) and rodents. The distribution of L. tropica, the agent of urban, or
anthroponotic, cutaneous leishmaniasis is limited in the Mediterranean region,
being restricted to the Middle East, Tunisia and Greece (Gradoni et al., 1994). The
global distribution of leishmaniasis is shown in Figure 7.1.

Distribution and incidence of visceral leishmaniasis

The following section reviews the distribution and reported incidence
of VL in the populations of the most affected countries of Europe. It must be
emphasized that reporting of the infections is not obligatory in most countries
and data are therefore taken almost entirely from the literature rather than
national health services reports.

Albania

Leishmaniasis is an important public health problem in Albania. From
1984-1996 a total of 1230 cases were reported (1136 were of VL and 94 were of
CL). Following the cessation of indoor insecticide applications for malaria con-
trol, the number of observed cases of VL has increased each year, probably due
to the increase of sandfly and dog populations along with poor hygienic and
sanitary conditions, especially in the outskirts of cities. Leishmaniasis consti-
tutes a widespread endemic infection, affecting 32 of 36 districts in the country.
About 3 cases/100000 inhabitants are identified each year, and infection has
spread to new districts (only 23 districts were affected before 1992). The ratio
between cutaneous and visceral leishmaniasis cases is 1:12, and between urban
and rural areas 1:2. About 40% of cases are in the age group 0-4 years (Kero
& Xinxo, 1998). It is estimated that there are some 200 new cases of VL per
year.

Velo et al. (2003) carried out a retrospective analysis of recent VL cases in 2001.
From January 1997 to December 2001, 867 VL cases were recorded in 35 of 36
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Distribution of Old World and New World Cutaneous Leishmaniasis

Figure 7.1 The global distribution of cutaneous and visceral leishmaniasis. Public
Health mapping Group Communicable diseases (CDS). World Health Organization,
October 2003.

Albanian districts, an average of 173 cases/year and a cumulative morbidity of
2.8/10 000 population. The incidence is increasing and has almost doubled during
the past 10 years. A high proportion of patients (67.6%) were children below
5 years of age. The increase in VL morbidity in Albania is 20-40-fold higher than
in other southern European countries.
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France

The incidence of both human and canine leishmaniasis is increasing in
France; infections are widespread throughout the south of the country and most
cases occur on or near the Mediterranean coast. However, an autochthonous case
of visceral leishmaniasis has been reported from Brest in an 18-month-old child
who had never left the city (Castel et al., 1982). The reservoir host is the dog and
the prevalence of canine Leishmania infection is particularly high in the Provence
and Cevennes regions of the south. All ages of humans may be affected by this
disease. In the southeast of France between 1965 and 1975, 972 cases of canine
leishmaniasis and from 1968 to 1975, 89 cases of human VL were reported. The
sandfly vector, Phlebotomus perniciosus, is found in the suburbs of towns, the hills
in the centre of Marseilles or in villages surrounding Toulon.

In serological surveys in the Marseilles region, the number of seropositive
dogs detected rose from 240 to 2278 between 1976 and 1986. At that time there
were from 40 to 50 cases of human leishmaniasis yearly in the region and the
visceral form was more common than the cutaneous form; it was also noted that
there were an increasing number of cases in immunocompromised adults rather
than among children (Marty & Le Fichoux, 1988). Nevertheless, the incidence of
infantile VL is also increasing in the Mediterranean region and both teenagers
and young children may be affected by the disease. Although the number of
cases of VL is relatively small, the occurrence of autochthonous cases persists;
there were 22 cases of human VL in France in 1999, 30 in 2000 and 31 in 2002,
mostly in the southeast.

Germany

Although Germany was thought to be free of autochthonous leishmani-
asis transmission, there is now a concern about the possibility that leishmaniasis
transmission is occurring in Germany. The new findings of Phlebotomus mascit-
tii, an experimental vector, in Baden-Wurttemberg in the south of the country
during 1999-2001 and P. perniciosus (a proven vector of L. infantum) in Rhineland-
Palatinate in 2001, may explain the sporadic cases of autochthonous leishmani-
asis in animals and humans and indicate transmission via a sandfly vector in
Bavaria (Naucke & Schmitt, 2004).

Leishmaniasis has not been a notifiable disease in Germany. In Septem-
ber 2000, a national advice and reference centre was therefore created at
the Institute of Tropical Medicine in Berlin to monitor the frequency, ori-
gin, and type of leishmaniasis seen in Germany, to provide advise physicians
and to improve information for travellers to disease-endemic areas. Within
2 years, 70 cases of leishmaniasis were reported from Germany (43 cutaneous
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or mucocutaneous/mucosal; 27 visceral). For 58 case-patients (35 cutaneous or
mucocutaneous/mucosal; 23 visceral), data were available on the age, sex, resi-
dence, travel destination, possible exposure location, reason for travel, duration
of stay, duration and type of symptoms, concomitant diseases or therapies, type
of diagnosis and treatment received. A total of 18 of the 23 VL patients were
German tourists; three were immigrants from Angola, Iran and Togo; and two
were visitors from Italy and Portugal. Six cases of VL occurred in children aged
2 to 11 years of age. Four German tourists and two immigrants had long-known
HIV infection (median duration 3 years, range 8 months-6 years). Of the visceral
cases, 78% were contracted in the European Mediterranean area and Portugal,
and most of the infections were caused by a species of the L. donovani complex,
probably L. infantum. Thirteen infections (22%) were acquired on the Mediter-
ranean islands of Ibiza, Ischia, Majorca, Malta, Corfu or Sicily.

This distribution reflects the fact that the Mediterranean countries - Spain,
Italy and the Mediterranean islands in particular - are the favourite vacation
areas for Germans. Annually, Germans take 18 million vacations to the Euro-
pean Mediterranean area (including 8 million to Spain and 6 million to Italy)
with a median duration of 2 weeks. Sixty per cent of travel to Italy and 90%
of travel to Spain are to Leishmania-endemic areas. The maximum northern lat-
itude for sandfly survival and hence transmission of leishmaniasis may move
further to the north, even beyond Germany, due to global warming. Should
this occur, imported cases may serve as a source of infection for sandfly vectors.
Dogs imported from disease-endemic areas, or dogs that contract the infection
when accompanying their owners for vacation, are a potential source of infection
(Harms et al., 2003).

Greece

Before World War II, VL was common throughout Greece; after initia-
tion of malaria control activities in 1946 by indoor application of residual insec-
ticides, there was a significant decline in the incidence of VL. When malaria
vector control spraying was stopped, sandfly densities remounted and VL inci-
dence then increased. From 1962-1992, 1005 cases of human kala-azar from the
Athens basin were reported to the Greek Ministry of Health. However, VL seems
to be present in practically all areas of the country, both continental and insular.

There are three major foci of VL in Greece; Athens with 33.4% of the
cases, Epirus with 20.6% and the Peloponnese with 14.8%. In the Athens
region there are two zones of transmission; one a high zone occupying the
foothills of the mountains surrounding or traversing the Athens basin and the
other a low urban zone consisting of the plains. Ninety per cent of the cases
occurred near quarries in the foothills bordering the city and hills within the
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metropolitan area. The presence of stray dog reservoir hosts of L. infantum and
a susceptible human population provide favourable conditions for transmission
(Tselentis et al., 1994).

The role of dogs in the transmission of VL to man was recognized very early
in Greece. From December 1910 to March 1911 more than 200 stray dogs were
screened for Leishmania infection; 8.2% of the dogs from Athens, 7.5% from
Piraeus and 1.7% from the provinces were found positive. Early studies carried
out between 1912 and 1939 reported that 5-20% of all dogs were infected in
Athens and other areas of Greece (in Sideris et al., 1996). Tzamouranis et al. (1984)
typed 3 human and 19 canine leishmanial stocks and showed them to be iden-
tical with L. infantum thus verifying that the parasites which cause human and
canine visceral leishmaniasis in Greece are the same organism and that dogs are
the reservoir hosts for human infection. A survey was carried out in 1986-1994 to
investigate the prevalence of canine visceral leishmaniasis in apparently healthy
dogs in Athens. Of 1638 dogs examined, 366 (22.4%) had anti-L. infantum antibod-
ies at titres greater than, or equal to 1/200 which were considered positive; 53
(3.2%) had antibody titres of 1/100 and these were considered uncertain; and
1219 (74.4%) dogs were seronegative. The rate of asymptomatic, chronic infec-
tion with L. infantum in dogs in the greater Athens area is high (Sideris et al.,
1999).

Human leishmaniasis is a persistent and important public health problem in
Greece and is likely to remain so as long as a large reservoir of asymptomatic
infected dogs is present in the country.

Italy

There has been a marked increase in the incidence of canine leishma-
niasis in Italy. Canine leishmaniasis due to L. infantum is a disease of great vet-
erinary importance and a serious public health problem. In humans, L. infantum
causes visceral and cutaneous leishmaniasis and the distribution of VL overlaps
that of canine leishmaniasis. The dog is the only domestic reservoir host of the
infection. Canine leishmaniasis is endemic, particularly in the central and south-
ern regions of Italy, including islands. Until 1983, all regions of northern Italy
except Liguria and some territories of Emilia Romagna were considered free of
the infection. From the early 1990s new stable foci of canine leishmaniasis have
appeared, most of them located within classical endemic areas including terri-
tories of Emilia Romagna, Tuscany, Umbria, Marche and Abruzzi regions. But
the most relevant aspect, from an epidemiological point of view, has been the
appearance of stable foci in northern Italy, in the Veneto and Piedmont regions.
In these two foci, entomological surveys showed the presence of P. perniciosus
and a second vector, P. neglectus, which may play a role in the diffusion of the
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infection. Autochthonous human VL cases also have occurred in these areas.
There is a real risk that canine leishmaniasis could rapidly spread through north-
ern latitudes of the country and beyond (Capelli et al., 2004).

In the first half of the twentieth century, VL was a common infantile syn-
drome in coastal territories of the Campania region of Italy. After World War II,
the incidence dropped to a few cases/year for 3 decades; in the late 1980s the
disease re-emerged among both children and adults. By now the VL focus of the
Naples-Caserta area is probably responsible for the highest number of infantile
cases among any VL foci described in southern Europe. Considering the limited
efforts being given to canine reservoir host control, rapid diagnosis and treat-
ment of patients remain the first-line control measures aimed at reducing the
health impact of the disease (di Martino et al., 2004).

Malta

Visceral leishmaniasis in Malta was recognized at the beginning of the
twentieth century. In 1946, when human diseases became compulsorily notifi-
able, the leishmaniasis figures were 1264 visceral cases, 36 cutaneous cases and
5 unspecified (Headington et al., 2002).

During the period 1947-1962, a total of 901 cases of kala-azar were notified
(Cachia & Fenech, 1964). Visceral leishmaniasis was the only form of the disease
recorded in Malta until the early 1980s, when CL was recognized. Five cases
of cutaneous infection were reported in 1997 and 23 cases of CL and 3 of VL
in January-October 1998 but there may be considerable underreporting of the
disease. As dogs are the reservoir hosts of the infection, the incidence of canine
leishmaniasis is an important indicator of the risk of leishmaniasis to the human
population. In Malta, figures of between 18-47% have been reported for the
prevalence of canine leishmaniasis. However, in a recent survey, as many as 62%
of 60 dogs were seropositive for L. donovani by polymerase chain reaction (PCR)
(Headington et al., 2002).

A centre for the immunodiagnosis of leishmaniasis has been established on
Malta and several hundred dog sera have been examined by immunofluorescence
antibody (IFA). Isolation and isoenzyme characterization of Leishmania from man
(VL and CL cases), dogs and sandflies have shown that leishmaniasis in Malta
is due to viscerotropic and dermotropic strains of the same species, L. infantum
(Gradoni & Gramiccia, 1990). In a further study on leishmaniasis and sandflies of
the Maltese islands, 22 Leishmania stocks were isolated from human visceral and
cutaneous cases, dogs and sandflies. The commonest Mediterranean L. infantum
zymodeme, MON 1, was the cause of human and canine visceral leishmaniasis;
L. infantum MON 78, which has so far been isolated only in Malta, was the agent
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of human CL. Both zymodemes were isolated from the same sandfly species, P.
perniciosus (Gradoni et al., 1991).

Although the incidence of CL has recently increased, the overall numbers of
cases of human leishmaniasis have markedly decreased since the 1960s. Prior to
1963, almost all cases were among children aged <10 years. Although leishma-
niasis in Malta has been primarily a disease of children, the proportion of adult
cases is increasing (Fenech, 1997). The case records of all 81 paediatric patients
with VL between 1980 and 1998 were analysed. The annual incidence of VL has
declined for all cases of VL, and declined significantly for paediatric cases. From
1994-1998, the overall incidence of VL was 0.9 per 100 000 total population and
the paediatric incidence was 2.5 per 100 000 population. The decreased incidence
is attributed to the eradication of stray dogs (Grech et al., 2000).

Portugal

During the period 1910-1950, 1616 cases of VL had been reported in
Portugal; the year of highest incidence was 1950 when 448 cases of VL were
reported. In the same year a malaria vector control programme was started
with the residual application of insecticides to homes; as a result, by 1970 only
20 cases of VL were reported. After cessation of malaria vector control, there has
been an increase with 20-30 cases a year of VL now being reported. Sporadic
infection is present in the whole of the country though more than 80% of
the cases occur in the north (Abranches et al., 1993). Kala-azar has always been
endemic in the sub-region southwest of Lisbon (45 cases from 1961-1978). In the
Setubal peninsula the disease has always had a low incidence (10 cases from
1961-1978). The Alcacer do Sal subregion was, in the past, the second most
active endemic zone in the country but after 1950 there was a sudden fall in
prevalence (only two cases reported from 1961-1978) (Abranches et al., 1982).
Autochthonous VL was first reported in the Algarve region in the 1980s.

Abranches et al. (1991) examined the prevalence of canine leishmaniasis in
1823 dogs from the Lisbon metropolitan region. The breeds most affected were
Doberman and German shepherd. Young adults (12.2%) and older dogs (14.7%)
had higher prevalences of infection; 53.8% of the dogs with significant anti-
body titres (greater than or equal to 1:128) showed no symptoms, suggesting
that canine leishmaniasis has a prolonged asymptomatic period. There is also
evidence that there is a wide spectrum of clinical diseases in dogs and that
the prevalence of canine leishmaniasis infection is higher than was presumed
(Cabral et al., 1993). The area of the city of Evora appears to be a new focus for
canine leishmaniasis in Portugal. In a serological survey to determine the preva-
lence of anti-Leishmania antibodies in the local human and canine populations
residing in Evora town and 14 adjacent villages, blood samples collected from
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885 children and 3614 dogs were tested. None of the children screened showed
an antibody level indicative of VL; however, antibody rates ranging from 0.7% to
6.9% were obtained in dogs residing in Evora and 11 adjacent villages (Semiao
Santos et al., 1995). Cabral et al. (1998) studied 49 asymptomatic mixed breed dogs
from a region of high incidence of VL in Portugal for the presence of Leishmania-
specific cellular immunity. Of the 49 dogs, 20 had demonstrable parasite-specific
cellular immunity. The study showed that the infection rate of canine leishma-
niasis is higher than previously thought using serological tests alone. Visceral
leishmaniasis has, in the past, primarily involved children: between 1993 and
September 1997 there were 87 cases of VL, of which 57.5% were in children <15
years old; 36.8% of all cases were in the age group 1-4 years. In 1996 and 1997
there was an increase in the number of adult cases, mainly due to cases among
persons with HIV immunosuppression. In co-infected VL/AIDS patients, the most
affected risk-group was that of intravenous drug users. Leishmania infantum MON-
I was the most common zymodeme, but other zymodemes have been isolated
from co-infected cases. Three VL endemic areas are known, with canine leishma-
niasis prevalence between 7.0 and 11.3%. The relatively high number of positive
serological reactions with low titres (as found in the population of Alto Douro
endemic region) suggests previous contact with the parasite or asymptomatic
infections (Santos Gomes et al., 1998).

Spain

Leishmaniasis is a compulsory notifiable disease in Spain and relatively
complete data are available; nevertheless, there are indications that the actual
incidence is considerably higher than that notified. Arnedo Pena et al. (1994)
studied the sandfly vectors and canine reservoir hosts of VL in Castellon where
the incidence of leishmaniasis is among the highest in Spain. They found that
there was under-reporting by the hospitals in the region.

The infection is endemic over much Spain with foci of transmission near
Madrid and in Catalonia, in the east as well as in provinces and regions of
Alicante, Almeria, Aragon, Castellon, Granada, Guadalajara, Huelva, Huesca,
Malaga, Murcia, Navarra, Salamanca and Zaragoza and on the Balearic Islands.
Leishmaniasis was first discovered in Spain in 1912 on the Levante coast. It has
been estimated that before 1985 approximately two-thirds of leishmaniasis cases
were in patients less than 15 years of age. However, since then, almost 80% of
cases have been in immunodepressed patients, 60% being HIV positive. With the
increase in the number of cases of VL in Spain, patients with unusual cutaneous
manifestations are also being seen.

The epidemiology of canine leishmaniasis was studied in the Madrid
Autonomous Region by Amela et al. (1995); 591 dogs were screened, revealing
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a prevalence of 5.25% with no difference between rural and periurban areas.
Age-specific prevalence exhibits a peak at 2-3 years and another at 7-8 years.
There was a 70% greater risk of infection among pet than among working dogs.
An epidemiological survey was carried out in the leishmaniasis endemic area of
Axarquia region in southern Spain between February and May 1992. The preva-
lence of Leishmania was determined in 1258 individuals by the leishmanin skin
test (LST) and in 344 randomly selected dogs by immunofluorescence. The LST
showed that 533 (42.4%) of the individuals tested were positive. There was an
increase in positivity with age, ranging from 21% at 4 years to 58% at 14 years.
Seroprevalence in dogs was 34.6% (119 of 344) and longhaired breeds showed
a significantly lower seroprevalence (20.9%) than shorthaired breeds (37.6%). A
discrepancy in disease prevalence between two rural districts was thought to
result from the design of the houses; houses in the area with greater prevalence
(54.8%) were associated with stables which provided an ideal habitat for sand-
flies, whereas houses in the area with lower prevalence (25.1%) rarely had stables
attached to them (Morillas et al., 1996). In the region of the Alpujarras (south-
ern Spain, in Granada province), nine villages were chosen at random in five
bioclimatic zones and leishmaniasis in the canine and human populations was
studied, concentrating especially upon schoolchildren. A total of 615 dogs were
screened, which was almost 100% of the canine census. Of the screened dogs,
33 showed an antibody titre > or = 1/160 when tested by immunofluorescence
assay (seroprevalence of 5.3%). Among the human population, infection from
Leishmania was studied using the LST. Of 1286 people tested, 568 (44.16%) were
positive. Most of the subjects were schoolchildren (878; practically 100% of the
pupils), of whom 288 (32.8%) tested positive. A close relation was seen to exist
between the percentage of positive LSTs and age. Finally, a close relationship was
also observed between canine seroprevalence and percentage of schoolchildren
who tested positive in the LST (Acedo Sanchez et al., 1996). A high prevalence
of canine leishmaniasis was also found in a survey over a period of 10 years
(1985-1994) in the Priorat, a rural region in the northeast of Spain in Cata-
lonia province. Seroprevalence throughout the region was 10.2% (8-12%). Forty
per cent of the dogs had a low level of anti-Leishmania antibodies, whereas
only 50% were seronegative. Only one-third of the seropositive dogs had evident
symptoms of the disease. Annual incidence of the disease was 5.7% (Fisa et al.,
1999).

A high prevalence of leishmaniasis was also found among 100 dogs on the
island of Mallorca. The prevalence of the infection, 67%, was calculated using all
animals seropositive and/or positive by PCR with any tissue. The results showed
that the majority of dogs living in an area where canine leishmaniasis is endemic
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are infected by Leishmania and that the prevalence of infection is much greater
than the prevalence of overt Leishmania-related disease (Solano Gallego et al.,
2001).

An epidemiological study was carried out in 1997-1998 in the leishmaniasis-
endemic Alicante region of southeast Spain to estimate the magnitude of and
the factors related to subclinical L. infantum human infection. In the main focus
of leishmaniasis in the region, 11.5% of the children and 52.8% of the adults
reacted as positive to the skin test. Among the adults, the response was signifi-
cantly greater for males and for those who had resided in the area for 15 years
or more. In the region, 3.7% of 14-year-old students reacted to the skin test, with
no gender differences. The main factors related to a positive skin test result were
having a parent or sibling recovered from leishmaniasis and living in the rural
periphery of the region as opposed to the metropolitan area. Results indicate
a high frequency of subclinical leishmaniasis in the region. The authors postu-
lated that the decline in childhood visceral leishmaniasis in southern Europe
in the second half of the twentieth century is related to social changes, which
gave rise to a less frequent exposure at a young age and lowered susceptibility
to disease through nutritional and immune improvements (Moral et al., 2002).
Cascio & Colomba (2002) reviewed childhood Mediterranean visceral leishmani-
asis in France, Italy and Spain and observed that in comparison with the past,
when VL was observed more frequently in children, the current ratio of child to
adult cases is approximately 1:1.

Martin Sanchez et al. (2004) found considerable polymorphism of L. infantum in
southern Spain. Over a period of more than 10 years they isolated and classified
161 Leishmania strains from cases of human visceral, cutaneous and mucosal
leishmaniasis in immunocompetent subjects, from cases of visceral leishmani-
asis in immunocompromised individuals with HIV, from dogs with leishmaniasis
(visceral and cutaneous), from Rattus rattus (black rat) and from sandflies. The
strains were all L. infantum, the only species endemic in Spain, and corresponded
to 20 different zymodemes.

Cutaneous leishmaniasis

Although L. infantum usually causes visceral disease, cutaneous lesions
may be the only manifestation along the Mediterranean coast in Spain, France,
Italy and Greece where dogs are the main reservoir host. A large number of cases
of cutaneous leishmaniasis in the Old World go unreported or undiagnosed.

Cutaneous leishmaniasis has been reported from Albania, Austria, Bosnia
Herzegovina, Bulgaria, Croatia, Cyprus, France, Greece, Italy, Malta, Monaco,
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Portugal (with the Azores and Madeira), Romania, Spain (with the Canary
Islands), Macedonia and Yugoslavia. The causative organisms are Leishmania infan-
tum, L. major and L. tropica. Koehler et al. (2002) reported a case of CL due to L.
infantum in a horse in southern Germany. Since neither the infected horse nor its
dam had ever left their rural area, the presence of autochthonous CL infection
in Germany cannot be excluded.

Cutaneous leishmaniasis is endemic in Greece. Cases collected between the
years 1975 and 1979 were analysed. Prevalence is highest in the Ionian Islands
and Crete. The disease most commonly affects individuals 10 to 20 years of age.
Exposed parts of the body are most commonly involved, particularly the face.
The highest incidence is mid-winter (Stratigos et al., 1980).

Human CL has been known in Spain since 1914, when it was described in the
Alpujarras region (Andalusia). The causative agent was characterized in 1986 for
the first time by isoenzyme electrophoresis and identified as a zymodeme of
L. infantum.

Leishmaniasis/HIV

In the last two decades, leishmaniasis, especially VL, has been recog-
nized as an opportunistic disease in the immunocompromised, particularly in
patients infected with HIV (Choi & Lerner, 2001). As the AIDS pandemic spreads
to rural areas and human VL becomes more common in suburban areas, there
is a growing degree of overlap between the geographical distributions of the
two diseases and, in consequence, an increasing incidence of Leishmania/HIV co-
infection. Cases of the co-infection have been reported from 35 countries around
the world but most of the cases to the present, have been recorded in south-
western Europe. A total of 1911 cases have been detected in Spain, France, Italy
and Portugal (Desjeux & Alvar, 2003) with Spain reporting the greatest number
of cases. In southern Europe 25-70% of adult VL cases are related to HIV and
1.5-9% of AIDS cases suffer from newly acquired or reactivated VL. Of the first
1700 cases of co-infection reported to the WHO up to 1998, 1440 cases were in
southwestern Europe (Paredes et al., 2003). The distribution of leishmaniasis/HIV
co-infection is shown in Figure 7.2.

The incidence of Leishmania/HIV co-infection is expected to continue to
increase in eastern Europe but to fall in south-western Europe as increasing
numbers of HIV-positive patients in the latter region are given the new, highly
active antiretroviral therapy (HAART). In 1996, HAART was started in France
and resulted in a significant decrease in the incidence of leishmania/HIV co-
infections (del Giudice et al., 2002). A marked decrease in the annual incidence
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Figure 7.2 Countries reporting leishmaniasis/HIV co-infections (dark shading).

of VL relapses among the patients attributable to HAART was also reported from
Catania, Italy (Russo et al., 2003). The appearance of relapses may differ in Spain;
in Madrid, HAART appears to have decreased the annual incidence of VL. among
local AIDS cases, from 4.81 cases/100 to just 0.8 case/100 (p < 0.0005), a first
episode of VL now appearing only when there is obvious HAART failure. Unfor-
tunately, it does not seem to be very good at preventing VL relapses; within
24 months of antileishmanial treatment, 70% of patients who were receiving
HAART had relapses. Visceral leishmaniasis also seems to hamper the immuno-
logical recovery of the HIV-positive, although HAART appears to have little effect
on the clinical manifestations of VL (Lopez Vélez, 2003).

Leishmania/HIV co-infection is changing the epidemiology of VL. HIV infection
modifies the traditional zoonotic/anthroponotic patterns of Leishmania transmis-
sion. The poor therapeutic outcome, the higher rate of relapses, and the polypara-
sitic nature of VL in HIV-infected persons, as well as the atypical manifestations
of the disease that make diagnosis difficult and impaired access to health-care
resources of co-infected patients, make HIV-infected individuals prone to enlarge
the number of human reservoir hosts in areas where transmission of leishmani-
asis is already anthroponotic. In addition, these characteristics help create a new
focus of anthroponotic transmission in areas where the spread of leishmaniasis
has traditionally been zoonotic (Paredes et al., 2003). The levels of transmission
of the parasites causing such leishmaniasis were previously dependent on the
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conventional zoonotic cycle, in which sandflies transmitted the parasites from
infected canids to other canids or humans. The Leishmania/HIV co-infection, how-
ever, has led not only to marked increases in the sandfly transmission of the
parasites from immunodepressed individuals directly to other humans but also,
probably, to artificial transmission between immunodepressed intravenous-drug
users, as the result of needle sharing (Molina et al., 2003). In fact, Cruz et al. (2003)
looked for parasites in syringes discarded by intravenous drug users (IVDUs)
using two different PCR techniques. Leishmania species were detected in 65 (52%)
of 125 syringes collected in southern Madrid, Spain, in 1998, and in 52 (34%) of
154 collected in southwestern Madrid in 2000-01. They found shared restriction
fragment length polymorphisms in 12 of 65 positive samples of syringes tested,
suggesting that syringe sharing can indeed promote the spread of leishmania
clones among IVDUs.

Between 1988 and 1998, 258 Leishmania strains from patients infected with
HIV were characterized by iso-enzyme electrophoresis at the Istituto Superiore
di Sanita (ISS) in Rome. Most (227) of the isolates came from 80 Italian patients
with VL, the rest from cases of Leishmania/HIV co-infection in other Mediter-
ranean countries. Every strain was found to be L. infantum. Other changes in VL
epidemiology include the visceralization in HIV-positive individuals of variants
considered to be dermotropic in the immunocompetent, and the appearance
of new zymodemes among the HIV-positive human population (Chicharro et al.,
2003). Marty et al. (1994) reported that in the department of Alpes-Maritimes of
France, cases of VL are increasing in adults and 40% of the adult cases are in
HIV positive patients.

The number of HIV-positive patients infected by leishmaniasis remains
unknown both globally and in Europe especially inasmuch as subclinical cases
of VL appear to be common in AIDs patients. Pineda et al. (1998) studied this ques-
tion in southern Spain and found that VL is very prevalent among HIV-1-infected
patients and that a high proportion of cases were subclinical. Like other oppor-
tunistic infections, subclinical VL can be found at any stage of HIV-1 infection,
but symptomatic cases of infection appeared mainly when a deep immunosup-
pression is present. The disease is associated with male sex and intravenous drug
use.

The sandfly vectors of leishmaniasis in Europe

Despite the influence of man on the ecology of the leishmaniasis-
endemic countries with the destruction of forests and expansion of crop and
grazing land, studies show that phlebotomine sandfly populations continue to
thrive even in areas under cultivation. In the Mediterranean area of southern
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Europe, five species are known to transmit VL, Phlebotomus ariasi, P. neglectus, P.
perfiliewi, P. tobbi and P. perniciosus. The sandfly vectors of cutaneous leishmaniasis
are Phlebotomus perfiliewi in Italy, P. ariasi in the Cévennes of southern France and
Spain, and P. perniciosus in France, Italy, Malta and Spain.

In the foci of southern France, P. ariasi is the vector of Leishmania infantum.
The species is distributed throughout the western Mediterranean but its area of
main vectorial importance appears to be restricted to southern France west of
the Rhone valley. To the east it is limited to eastern France and the Piedmont
and Liguria in Italy but in the west it is present in Portugal and Spain. While
mainly exophilic, it occasionally enters houses and feeds on man and dogs. It
has a relatively large flight range of up to 2200 m.

Phlebotomus perniciosus is found from Portugal to Turkey, particularly in coastal
areas and on islands with a semi-arid Mediterranean climate. Populations of
this species are associated with sporadic cases of VL and possibly CL (Martinez
Ortega, 1984). It is endophilic and zoophilic. In France P. perniciosus was first
found infected in the region of Nice in 1991 (Izri et al., 1992). It is the confirmed
vector in several areas of Italy including on Sardinia and Sicily. It is found nat-
urally infected in Malta where it is the established vector of VL and represents
a large proportion of the sandflies caught (Leger et al., 1991). It is probably the
vector of VL in the Algarve, Portugal and in much of Spain including the Balearic
Islands; in the province of Salamanca it is the main vector of VL (Encinas Grandes
et al., 1988). Although the species is present in southern Switzerland where it
has been found feeding on humans, no leishmaniasis has been transmitted in
that country (Grimm et al., 1993) though there is concern that this could take
place in the warm, southern canton of Ticino.

Phlebotomus papatasi occurs throughout the Mediterranean region from Por-
tugal in the west and eastwards to southern Russia and to India. It is endophilic
and readily feeds on man but reaches high densities only in urban areas. It is
mainly important as a vector of CL in the eastern Mediterranean, the near east
and Russia.

Phlebotomus perfiliewi has been found in southeast France, in Monaco and four
neighbouring French communes (Izri et al., 1994) but reaches its highest densities
in Italy and the countries of ex-Yugoslavia. It is a vector of both VL and CL. In
Italy, population densities of P. perfiliewi may be very dense and it is the vector of
CL. In 1948, DDT sprayings of houses in some villages of the Abruzzi region for
malaria vector control brought about a dramatic decrease in P. perfiliewi densities
followed by a drop in the incidence of CL. It feeds on dogs, horses, sheep and
birds; it has been incriminated as a vector of VL in Italy (Maroli & Khoury, 1998)
and is probably the vector of CL in the Adriatic area. It is considered the vector
of CL in Sicily and was present in high densities in collections in Agrigento and
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Palermo provinces; of 2410 specimens collected, 77.5-9% were P. perfiliewi, 12.78%
were P. perniciosus, 0.74% P. major and 2.07% Sergentomyia minuta (a sandfly that
feeds on reptiles not mammals) (Maroli et al., 1988). Infection rates in P. perfiliewi
are generally much lower than those in P. perniciosus.

A study in 1997 investigating how climate may be influencing the distri-
bution of Phlebotomus and leishmaniasis in Europe, focused on Italy due to
unexplained increases in VL cases in that country; the abundance of P. perni-
ciosus and P. perfiliewi were different, P. perfiliewi being distributed in regions
with relatively cold winter temperatures and high summer temperatures while
P. perniciosus was found in regions with comparatively warm winters, but mild
summers. Models predicted that P. perfiliewi would be positively affected by tem-
perature increases, extending its distribution, while P. perniciosus would decrease
in currently inhabited areas but spread further into Switzerland. Human dis-
ease models predict a dramatic increase in the incidence of VL and a slight
increase in CL. Climate change would most likely also affect parasite develop-
ment and the infection rate in dogs and thus overall disease incidence (Kuhn,
1999).

The species and ecology of sandflies present in the coastal district of Bar, in
Montenegro, an endemic focus of VL, were investigated in 1996-1999. P. perfiliewi
was recorded for the first time in Montenegro (Ivovic et al., 2003). In southeast
Serbia P. perfiliewi was the most abundant phlebotomine, making up some 80%
of the total. Naples sandfly fever and Jug Bogdanovac viruses were also isolated
from the species (Milutinovic et al., 1989).

Phlebotomus sergenti is present in Albania, Cyprus, France, Italy, Portugal and
Spain and is a vector of CL (L. tropica and L. major) in some of the areas where it
is found in high densities.

Conclusions on the public health importance of
leishmaniasis in Europe

To ensure better monitoring of leishmaniasis it would be desirable if
the reporting of human or canine cases of leishmaniasis were made obligatory
in all countries of Europe. Because of the recent increases in the incidence of VL,
surveillance activities should be strengthened as a basis for the implementation
of control measures. While HAART may result in a decline of leishmaniasis/HIV
co-infections, VL may continue to increase as a result of the persistent sandfly
vector populations present in endemic areas. In any event, human (and canine)
leishmaniasis remain a serious problem in southern Europe and the infections
may be spreading to more northern countries as has been reported in Germany.
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Global warming as a result of climate change would likely result in further
spread.

Relatively neglected in the past, more attention should be given to the control
of the sandfly vectors; while control is generally difficult it can be achieved
(Gradoni et al., 1988), and the use of pyrethroid-impregnated dog collars has
been shown to be an effective method of controlling sandflies in urban areas of
Italy (Maroli et al., 2002).
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Ceratopogonidae - biting midge-borne
diseases

Members of this family of biting midges can be severe nuisances; they
are also the vectors of two important animal diseases in Europe, bluetongue
virus and African horse sickness. Culicoides biting midges are among the most
abundant of haematophagous insects, and occur throughout most of the inhab-
ited world. Across this broad range they transmit a great number of assorted
pathogens of humans and domestic and wild animals, but it is as vectors of
arboviruses, and particularly arboviruses of domestic livestock, that they achieve
their prime importance. To date, more than 50 such viruses have been isolated
from Culicoides species and some of these cause important diseases, particularly
in animals (Mellor et al., 2000). As regards human infections in Europe, there has
only been a single isolation of Tahyna virus from Culicoides species in Czechoslo-
vakia (Halouzka et al., 1991). The group has no apparent importance as vectors
of human disease in Europe; however, Culicoides are vectors of human diseases
such as Oropouche virus in Brazil and vesicular stomatitis in the Americas, and
surveillance of the activity of this group is necessary in Europe.

Haemoglobins in the midge family Chironomidae are potent human allergens
and have been identified as causative allergens in asthmatic patients. Eriksson
et al. (1989) concluded that Chironomidae might be allergens of clinical impor-
tance in asthma and rhinitis, in that cross-allergy exists between chironomids
and shrimp and that cross-allergy also might occur among chironomids, crus-
taceans and molluscs.
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Dipteran-caused infections - myiasis

Myiasis is the infestation of live human and other vertebrate animals
with dipterous larvae, which, at least for a certain period, feed on the host’s
dead or living tissue, liquid body substances or ingested food (Zumpt, 1965). The
animal importance of myiasis is well known and well described in the veterinary
literature; the frequency of human myiasis is greater than generally realized in
Europe or North America. Inasmuch as infestations are self-limited, the presence
of larvae may go unnoticed and unreported unless there is a secondary bacterial
infection. The diagnosis of myiasis is easily overlooked in Europe because of its
relative rarity.

Most myiasis-causing flies belong to one of three major families: Oestridae,
Sarcophagidae or Calliphoridae, although representatives of other families, such
as Muscidae and Phoridae, also are known to cause myiasis.

An aetiological classification of myiasis-causing flies separates them into three
forms of myiasis: obligate, in which it is necessary for the maggots to feed on liv-
ing tissues; facultative, where flies opportunistically take advantage of wounds
or degenerative necrotic conditions as a site in which to incubate their larvae;
and accidental, which occurs when egg-stage flies are ingested on contaminated
food or come in contact with the genitourinary tract. In general obligate myiasis
of humans is tropical in origin, whereas facultative and accidental myiasis can
occur anywhere in the world. In the furuncular form, boil-like lesions develop
gradually over a few days. Each lesion has a central punctum, which discharges
serosanguinous fluid. The posterior end of the larva is usually visible in the
punctum and its movements may be noticed by the patient. The lesions are
often extremely painful. There is an inflammatory reaction around the lesions
that may be accompanied by lymphangitis or lymphadenopathy. These symptoms
rapidly resolve after the larva has been removed. The flies causing furuncular
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myiasis in humans are the human botfly, Dermatobia hominis, the rabbit or rodent
botflies, Cuterebra spp., the tumbu fly, Cordylobia anthropophaga, Lund’s fly, Cordy-
lobia rodhaini, Wohlfahrtia spp. and the warble flies, Hypoderma spp.

Another common clinical form is a ‘creeping eruption’. The larva lies ahead
of the vesicle in apparently normal skin. This form of myiasis is produced by
Gasterophilus larvae, the horse botflies.

Wound or traumatic myiasis is the infestation of animal and human wounds
by dipterous larvae. It may be benign, as when secondary species confine
their activities to diseased and dead tissue, or it may be malign, as when the
obligate and primary species attack living tissue. The three major species of
obligate parasites encountered in wound myiasis are the New World screw-
worm, Cochliomyia hominivorax, the Old World screwworm, Chrysomya bezziana
and Wohlfahrt’s wound myiasis fly, Wohlfahrtia magnifica. One must also distin-
guish between autochthonous myiasis acquired in Europe and introduced cases
of myiasis which will be considered below.

The cause of autochthonous cases of myiasis reported in Europe have
included, among others, the drone fly Eristalis tenax in Belgium; the lesser house
fly, Fannia canicularis in Bosnia Herzegovina; the blowflies Calliphora erythrocephala
and C. vicina in Denmark; the sheep botflies, Hypoderma bovis and H. lineatum, and
the greenbottle fly, Lucilia sericata in France; Fannia scalaris, the latrine fly and C.
vicina, in Germany; Calliphora vomitoria, the blue bottle fly, the sheep botfly Oestrus
ovis and Wohlfahrtia magnifica in Italy; C. vicina and O. ovis in Spain. Unfortunately
cases of myiasis may occur among the elderly or injured during hospitalization.
Daniel et al. (1994) described a case in the Czech Republic in which 50 larvae of
Lucilia sericata were discovered in the oral cavity, nose, paranasal sinuses and enu-
cleated eye-socket. Timing indicated that the eggs were laid while the patient was
hospitalized. The development of myiasis was facilitated by the mental and phys-
ical debility and dependency of the patient, numerous and deep facial necrotic
wounds and a lengthy period of hot weather which led to prolonged open win-
dow ventilation of his room. When myiasis occurs in a patient after hospital-
ization the disease is termed nosocomial myiasis. In another case in the Czech
Republic, Minar et al. (1995) described a case of nosocomial myiasis of cavities
caused by larvae of the fly L. sericata in a patient hospitalized at the resuscitation
unit after a motor car accident. On the fourth day in hospital, in the nasal and
oral cavity of the patient 1st and 2nd instar larvae were detected in his wounds.
The eggs of the fly had been laid in hospital. They noted that 7 other cases of
human myiasis had been reported in the country up to that time and 3 of them
had also been nosocomial myiasis. Mielke (1997) found records in the literature
of 23 cases of myiasis as hospital infections, which have occurred in a number of
countries.



Dipteran-caused infections - myiasis

Doby et al. (1985) collected information on all the human cases of human
hypodermosis in France (myiasis due to Hypoderma bovis and H. lineatum - the
common cattle grub) and found that there were 266 cases either reported in the
literature, or as unpublished records.

Maggot debridement therapy (MDT) is the medical use of live maggots (fly
larvae) for cleaning non-healing wounds.

In maggot debridement therapy (also known as maggot therapy, larva ther-
apy, larval therapy, biodebridement or biosurgery), sterile fly larvae are applied to
the wound within special dressings. Medical grade maggots have three primary
actions: they clean the wounds by removing dead and infected tissue (‘debride-
ment’), they disinfect the wound (kill bacteria) and they speed the rate of healing.
In 1996, the International Biotherapy Society was founded in Wales. Today, over
3000 therapists are using maggot therapy in 20 countries. Approximately 30 000
treatments were applied in the year 2003.

In January 2004, the US Food and Drug Administration (FDA) issued licence
*510(k) #33391’, allowing the production and distribution of ‘Medical Maggots’
as a medical device. In February 2004, the British National Health Service (NHS)
permitted its doctors to prescribe maggot therapy. Patients no longer have to
be referred to one of a few regional wound-specialty hospitals to get maggot
treatments.
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The flea-borne diseases

Plague

The best known of the human infections transmitted by fleas is plague,
whose causative organism is Yersinia pestis. The reservoir hosts are various species
of rodents and historically the black rat (Rattus rattus) was considered the main
reservoir host during the great epidemics that ravaged Europe from the sixth
century to until 1720, when the last major outbreak occurred in Europe, in
Marseille. The pandemics of plague from the thirteenth century resulted in the
deaths of tens of millions of people in Europe. Though plague remains endemic
in many foci in Africa, Asia and the Americas, there are now no foci in Europe
other than the natural foci of plague in the North Caucasus.

There are, however, a number of other flea-borne diseases of man endemic
in Europe, some of which are emerging diseases while others, like murine or
endemic typhus, are well known.

Flea-borne rickettsial diseases

Murine typhus

Murine typhus (endemic typhus), whose causative agent is Rickettsia
typhi, has a worldwide distribution. Rodents, most often rats (Rattus norvegicus, R.
rattus) are the reservoir hosts. Transmission from rodent to rodent or to humans
is by contamination with rickettsia-infected flea faeces or tissue during or after
blood-feeding by the flea by the faeces or tissues being rubbed into skin abra-
sions or into delicate mucous membranes. Murine typhus is usually a benign
acute, febrile disease, characterized with headache and rash and a fever that per-
sists for about 12 days. Mortality is low and more common in elderly patients.
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Misdiagnosis is frequent and the infection is probably much more common than
reported (Azad et al., 1997).

In Europe, the main reservoir host is the brown rat Rattus norvegicus and
the most common flea vector is the Oriental rat flea, Xenopsylla cheopis and, less
frequently, the cat flea Ctenocephalides felis. Murine typhus has been reported from
Bosnia, Croatia, the Czech Republic, France, Greece, Italy, Macedonia, Portugal,
Romania, Russia, Serbia, the Slovak Republic, Slovenia and Spain and is probably
present in other countries as well.

Surveys in the northwestern part of Bosnia-Herzegovina found that among
231 human sera tested the rate for R. typhi was 61.5% (Punda Polic et al., 1995).
Foci of murine typhus were known to exist on the Dalmatian Islands of Croatia;
in a serological survey in 1985, from 63.3% to 68.1% of the inhabitants were
found positive for R. typhi with immunity being detected from the age of 10
years on (Dobec & Hrabar, 1990).

In Evia Prefecture, Greece, 92% of the 53 rat sera tested by IFA were positive
for anti-R. typhi antibodies (Tselentis et al., 1996) and human cases were common
in the Island’s hospital. In a follow-up study in Evia, the transmission cycle of
the disease in Greece was elucidated for the first time. In 1993, 53 R. norvegicus
were trapped in localities where the cases of murine typhus had occurred. Some
300 fleas, probably all X. cheopis, were found on the rats. Eight of the fleas were
positive for R. typhi by polymerase chain reaction (PCR). Anti-R. typhus antibodies
were found in the sera of 48 (91%) of the rats at high titres. The commensal rat
population in the general area of study was both ubiquitous and abundant. It was
concluded that murine typhus was obviously endemic in the area and probably
of much greater public health significance than the number of reported cases
indicates (Chaniotis et al., 1994). Daniel et al. (2002) found that the prevalence of
antibodies to R. typhi was 2% of 1584 human sera collected in northern Greece
in an area which had never been surveyed before for this infection.

A high antibody prevalence for murine typhus has also been found among
rat populations in Spain and Portugal; a death from murine typhus has been
reported of an English tourist after her return to the UK from the Costa del
Sol in Spain (Pether et al., 1994). Murine typhus is a re-emerging disease on the
Canary Islands of Spain. Cases in the Las Palmas hospital showed a rather distinct
clinical pattern characterized by higher incidence of complications, especially
renal damage (including acute failure and urinalysis abnormalities). The greater
clinical severity could be related to different strains of R. typhi or other cross-
reactive species (Hernandez Cabrera et al., 2004). In Soria province, central Spain
9 of 73 dogs (12.3%) checked carried antibodies against R. typhi. The gender, age
and breed of the dog, and whether it was used for hunting, shepherding, guard-
ing or simply as a pet, apparently had no significant effect on the probability
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of it being seropositive. Being infested with fleas or having a history of such
infestation was, however, significantly associated with seropositivity (Lledo et al.,
2003).

A long-term, 17-years study was carried out in the south of Spain, 1975-1995
on 104 patients with persistent fevers. Murine typhus was the cause in 6.7% of
926 cases of fevers of intermediate duration, characterized by a febrile syndrome
lasting from 7 to 28 days. Most patients had a benign course of the diseases but
some developed severe complications (Bernabeu Wittel et al., 1999).

Murine typhus appears to be re-emerging in Portugal; the disease was fairly
common in Portugal until the 1940s, when several cases were diagnosed in the
Lisbon area. In 1993, antibodies against R. typhi were detected for the first time in
serum from a patient in the Madeira Autonomous Region, an archipelago with
two major islands: Madeira and Porto Santo. The patient was an HIV-positive
woman with no clinical features of murine typhus. In November and December
1996, antibody titres against R. typhi exceeding 1:128 were detected in sera from
several patients at Madeira Central Hospital; antibodies to R. typhi were also
found in the local rats, Rattus norvegicus and R. rattus. The outbreak of 1996 was
probably facilitated by conditions on the island in that year favourable to an
increase of the rat population; the high level of rain allowed an increase of
vegetation, food and shelter and hence the rats (Bacellar et al., 1998).

Northern Europe seems to be largely free of murine typhus although the tale
of the Pied Piper of Hamelin in Germany has already been referred to earlier.
Small numbers of cases of the disease have been reported from France and from
Germany though the validity of the diagnostic methods was uncertain (Traub
et al., 1978).

The ELB agent

A flea-borne disease, the ‘ELB agent’ caused by Rickettsia felis, was reported
in 2000 in a couple in Diisseldorf, Germany with the symptoms of a high fever
and rash and confirmed by PCR testing; this is the first report of this agent in
Europe. The cat flea, Ctenocephalides felis, transmits the infection, first identified
in the USA in 1990. Studies have shown that cat fleas can maintain the infection
for up to 12 generations by vertical (transovarial) transmission (Wedincamp &
Foil, 2002). In the cases in Germany, the agent was probably contracted from
fleas on the couple’s dog (Richter et al., 2002). The same infection has also been
identified in a cat flea in southwestern Spain (Marquez et al., 2002). ELB agent was
also identified in two patients with fever and rash in France (Raoult et al., 2001)
and has also been isolated from the cat flea in that country (Rolain et al., 2003a).
In a survey in the UK, DNA extracted from fleas was analysed using genus- and
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species-specific PCR and amplicons were characterized using DNA sequencing.
Fifty per cent of flea samples were PCR positive for at least one pathogen and
21% were positive for R. felis (Shaw et al., 2004).

In view of the wide distribution of the cat flea through Europe, the infection
will almost certainly be found to be common in more countries; its diagnosis
should be considered with patients with a murine typhus-like disease with rash
and fever following fleabites.

Cat scratch disease

The causative agent of cat scratch disease is Bartonella henselae. While
the disease itself was first described in France in 1950, it was only in 1992 that
the bacterial agent was described. Infection with this agent can give rise to bacil-
lary angiomatosis in humans, a vascular proliferative disease most commonly
associated with long-standing HIV infection or other significant immunosuppres-
sion. Bartonella henselae has also been associated with bacillary peliosis, relapsing
bacteraemia and endocarditis in humans. Cats are healthy carriers of Bartonella
henselae, and can be bacteraemic for months or years. Cat-to-cat transmission of
the organism by the cat flea, Ctenocephalides felis, with no direct contact trans-
mission, has been demonstrated (Chomel, 2000). Bartonella henselae is widespread
in Europe. About 10% of pet cats and 33% of stray cats harbour the bacterium in
their blood. In immunocompetent patients, B. henselae is responsible for human
cat scratch disease, characterized by lymph node enlargement near the entry
site of the bacteria (Piemont & Heller, 1998).

In Europe, B. henselae and clinical cat scratch disease have been reported from
Belgium, Bulgaria, Croatia, Czech Republic, Denmark, France, Germany, Greece,
Italy, the Netherlands, Poland, Russia, Spain, Sweden, Switzerland and the UK.

Cats may harbour three Bartonella species, B. henselae, B. clarridgeiae and B.
henselae genotype/serotype Marseille (type II) which has been isolated from cats
and cat fleas in France (La Scola et al., 2002). Despite the serious clinical infec-
tions sometimes seen in infected patients, both B. henselae and B. quintana (an
infection transmitted by human lice to humans causing trench fever) have been
found in many healthy persons in an urban area of Greece; of 500 individuals,
99 (19.8%) and 75 (15%) were IgG seropositive to B. henselae and B. quintana respec-
tively. A high percentage (12.4%) of cross-positivity between the two species was
seen. The prevalence of both Bartonella species was high. Cat owners had signifi-
cantly higher antibody titres only to B. henselae and not to B. quintana (Tea et al.,
2003).

The prevalence of B. henselae in cat populations was evaluated by serological
and bacteriological tests in northern Italy. A total of 769 stray cats from three
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urban and three rural areas were sampled between January 1999 and Decem-
ber 2000. Of these, 540 cats were tested by serology; 207 (38%) were seropositive
(Fabbi et al., 2004). Considering the high percentage of cats positive for B. henselae,
the finding by Massei et al. (2004) that the infection is common among children
in central Italy and occurs early in life is not unexpected. In most cases, how-
ever, the infection is asymptomatic, and resolves spontaneously. This was not
necessarily the case in Poland where Podsiadly et al. (2002) reported that B. hense-
lae and B. quintana infections resulted in illnesses with symptoms of severity
ranging from mild lymphadenopathy to systemic disease. Most cases of the dis-
ease were in children 8-16 years old. The number of detected and reported
B. henselae infections in Poland is low but may be underestimated. Cat scratch
disease is the most frequently clinically and serologically identified bartonellosis
in Poland.

In Italy, Bartonella DNA was amplified and sequenced from four Ixodes ricinus
ticks (1.48%) removed from humans in Belluno Province. This report indicates
that the role of ticks in the transmission of Bartonella species should be further
investigated (Sanogo et al., 2003).

Cat scratch disease is an emerging infection in Europe; its incidence in
humans and its prevalence in cat populations are now recognized as high. Its
public health importance may grow as the infection is more frequently diag-
nosed.
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The louse-borne diseases

Of the 200 or so species of sucking lice, only three infest man: the body
louse, Pediculus humanus, the head louse, P. capitis and the pubic louse, Pthirus
pubis (also known as the crab louse). Only the body louse is a vector of disease. In
Europe, infestations by body lice have, until recently, been uncommon for some
time; head lice infestations on the other hand are extremely common, mainly
among children, while infestations by pubic lice appear to be increasing to the
extent that they may be considered a marker for sexually transmitted diseases.
Head lice infestations are found virtually only on the hairs of the head; body lice
attach to garments where they feed on the skin and attach their eggs to clothes,
most frequently along the seams of clothing. Pubic lice, as indicated by their
name, are generally found only in the pubic areas though many infestations of
eyelids and eyebrows have been reported.

Louse-borne rickettsial diseases

Epidemic or louse-borne typhus

Epidemic typhus or louse-borne typhus due to Rickettsia prowazekii is
transmitted by the human body louse, Pediculus humanus. The infective agent is
transmitted from person to person through contaminated faeces of the human
body louse which is the only known vector. Until World War II, the disease was
periodically responsible for an enormous number of cases and a great many
deaths especially among armies, refugees and inmates of camps of all types.
Russia suffered heavily from epidemic typhus during the World War II with as
many as 20 million cases (Rydkina et al., 1999). In 1943 an outbreak of typhus in
Naples, Italy was controlled by mass dusting of the population with DDT powder;
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there were outbreaks of louse-borne typhus in Bosnia-Herzegovina between 1946
and 1949 and these were also successfully controlled by DDT. There were scat-
tered cases up until the 1960s, but there had been no important outbreak in
Europe since that time until an outbreak occurred in Russia in 1997 in a hospital
in Lipetsk. A total of 23 patients and 6 members of the staff suffered symptoms
of typhus with 22 shown to be seropositive for R. prowazekii. The clothes of the
patients were infested with body lice and these tested positive for typhus. It is
thought that poor public health practices following breakdown of the hospital’s
heating system led to body louse infestations (Tarasevich et al., 1998). This out-
break demonstrates that epidemic typhus has the potential for recrudescence
even in areas where it has been absent for a number of years. In view of the
recrudescence of body lice populations in several countries of Europe (Gratz,
1997; Rydkina et al., 1999) the risk of the recrudescence of louse-borne infec-
tions such as louse-borne typhus and trench fever is increasing.

In areas where louse-borne typhus was once epidemic, Brill-Zinsser’s disease
may occur; this disease is actually a recrudescence of an earlier infection with
epidemic typhus and may occur many years after the initial illness. It may affect
people long after they have recovered from epidemic typhus. The disease may be
due to a weakening of the immune system such as by ageing, surgery or illness.
Brill-Zinsser disease tends to be extremely mild and there is no mortality. How-
ever, as the disease arises from rickettsia retained in the body, lice that feed on
patients may acquire infection and transmit the agent. Rickettsia prowazekii may
even be isolated from the blood by animal inoculation. The disease is sporadic,
occurring at any season and in the absence of infected lice. There have been
recent reports of the disease in France in 3 patients, all of whom had a history
of body louse infestations at one time (Stein et al., 1999). Cases are also reported
in eastern Europe, generally among older persons with a history of louse-borne
typhus. Twenty-five cases of Brill-Zinsser’s disease were reported from 1 January
1980 through 31 December 2000 in Croatia. Fifteen of these cases (60%) had a
history of a primary attack of epidemic typhus during or after World War II.
During the course of the disease in the patients aseptic meningitis was verified
in 21 (84%) patients, rash in 17 (68%), liver lesion in 14 (56%), pneumonitis in
7 (28%), myopericarditis in 7 (28%) and 5 (20%) had renal lesion (Turcinov et al.,
2002). In populations infested with body lice, a person falling ill with this disease
may thus trigger a recrudescence of louse-borne typhus.

Trench fever

Trench fever, whose causative organism is Bartonella quintana (previously
Rochalimaea quintana), affected as many as a million soldiers during World War I;
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body louse infestations were very common among the troops in the trenches
facilitating the transmission of the infection. After the end of the war, the dis-
ease apparently disappeared after 1918; it later reappeared to infect substantial
though smaller numbers of soldiers and camp inmates during World War II. Like
epidemic typhus, it is transmitted from person to person through contaminated
faeces of the human body louse, which is the only known vector. Infection can
give rise to fever, cutaneous bacillary angiomatosis and endocarditis. Mortality
is rare but the disease may be the cause of prolonged disability.

The disease apparently disappeared again after World War II. However, in
the early 1980s, trench fever reappeared, generally among homeless, often HIV-
infected men, in Europe and North America (Foucault et al., 2002) and has since
been reported in Australia, Burundi, France, Germany, Mexico, Peru, Portugal,
Russia, the UK and the USA. Infections with this agent are associated with poor
personal sanitation and lousiness; Bartonella quintana has been isolated from lice
on some of the patients (Roux & Raoult, 1999; La Scola et al., 2001). The current
epidemiology of this infection is not well understood other than that the disease
appears to mainly affect the homeless. Drancourt et al. (1995) searched for this
organism in 3 alcohol-dependent homeless men with endocarditis in France.
Bartonella quintana was isolated from 1 patient in the blood-agar culture and
from the other 2 patients in the endothelial-cell culture. As part of a survey
for trench fever among homeless people in Marseilles, France, B. quintana was
isolated from 15 of 161 body lice and was detected in 41 of 161 lice by PCR (La
Scola et al., 2001). Rolain et al. (2003b) compared the growth and the number
of bacteria per erythrocyte in vitro in laboratory-infected red blood cells from
alcohol-dependent patients versus normal blood donor erythrocytes. They found
that erythrocytes from alcohol-dependent patients contain significantly more
bacteria per cell than erythrocytes from blood donors suggesting that there is
a link between alcoholism and infections of B. quintana that may be due to the
macrocytosis of erythrocytes.

During the last decade, pediculosis increased markedly in Russia; in a study
carried out by Rydkina et al. (1999), lice were collected at the Moscow Municipal
Disinfection Center, where the homeless wash and delouse themselves, as well
as disinfect or change their clothes, and examined for the presence of the agents
of typhus, trench fever and relapsing fever; 19% of the persons examined at the
shelter were infested with body lice. The study showed that 12.3% of studied lice
samples were B. quintana-positive.

The resurgence of a disease long thought to have disappeared is, in itself, seri-
ous. It is also serious that a resurgence of populations of body lice which serve
as vectors of trench fever is occurring in many countries. If body lice infesta-
tions are found, especially among homeless and alcohol-dependent individuals,
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a serological examination should be made to determine if B. quintana is present
to ensure that appropriate treatment is provided if necessary.

Louse-borne relapsing fever

The aetological agent of louse-borne relapsing fever, otherwise known
as epidemic relapsing fever, is Borrelia recurrentis. The vector is the human body
louse, P. humanus. At one time the infection was widely spread in Europe but
after outbreaks, which occurred during and immediately after World War II,
the disease has disappeared from Europe. It remains common in Africa and
has recently caused major epidemics in Burundi and Ethiopia. Inasmuch as the
reappearance of body lice infestations in Europe has resulted in the reappearance
of trench fever, the possible resurgence of louse-borne relapsing fever, a disease
with a high mortality, cannot be excluded.

Body louse infestations

The body louse, P. humanus, is, as noted above, the vector of epidemic
typhus, epidemic relapsing fever and trench fever. Until shortly after World
War II, body lice infestations were common in Europe. With the advent of DDT
and other modern insecticides which provided easy and persistent control, body
louse infestations and the diseases associated with them virtually disappeared.

The presence in many large cities of sizeable populations of homeless persons
with low levels of personal sanitation has resulted in what appears to be a grow-
ing recrudescence of body lice infestations. Such increases have been reported in
the Czech Republic, France, the Netherlands and Russia; the return of body lice
has been associated with the reappearance of trench fever in some countries.
During 1993 and 1994, body lice were found 41 times on 31 patients at a clinic
for the homeless in Utrecht in the Netherlands (Laan & Smit, 1996).

Head louse infestations

Head lice, Pediculus capitis, are not regarded as vectors of disease although
Robinson et al. (2003) considered that they are potential vectors of R. prowazekii;
there is, in fact, little evidence that head lice have a vectorial role for epidemic
typhus or any other infection. However, their feeding activity irritates the scalp,
and can cause intense itching; secondary infections may result if the skin is
broken by repeatedly scratching the area.

Infestations are extremely common, especially among school children where
lice are easily passed from one child to another, and infestation rates of
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10-20% or even higher are frequently seen in school classes. All socioeconomic
levels may be infested. A study on the prevalence of head lice in schools in the
UK was made by questionnaires addressed to the parents of students at 235 pri-
mary schools; a total of 21 556 of 43 889 (49%) questionnaires were returned by
parents. Overall 438 children had head lice at the time of the survey, giving a
prevalence of 2.03%; 8059 had had lice at some time in the last year giving an
annual incidence of 37.4% (Harris et al., 2003). Courtiade et al. (1993) conducted
a survey of four schools in the Bordeaux area of France. Between January 1990
and March 1991, 48.7% of children had had at least one episode of head lice,
at rates of 38.8-62.6% depending on the schools. For 30.5% of children, this was
their first infestation; 95% of the cases were detected by parents, and the preva-
lence was 60% in girls and 40% in boys. The highest prevalence was noted at a
suburban school in an area where 17% of the parents were unemployed. Similar
increases in the prevalence of head lice infestations are found in virtually all
the countries of Europe (Gratz, 1997).

Large sums of money are expended for the control of this ubiquitous pest in
most countries of Europe; a UK government review estimated that £25 million
is spent each year in the UK on head louse treatment. Hundreds of thousands
of insecticide preparations are purchased annually for head lice control (Gratz,
1997). The widespread occurrence of insecticide resistance to malathion, carbaryl
and the pyrethroids impedes control. The systemic ivermectin offers promise as
a control agent.

Although head lice are not vectors of disease, the fact that such large sums
of money are spent on their control, detracts from resources that would be
available for other health-care activities. Head lice must, therefore, be considered
a public health problem.

Pubic louse infestations

As is the case with head lice, pubic lice or crab lice, Pthirus pubis, are
not vectors of disease. Accurate information on the prevalence of infestations
of this species of human louse is, understandably, difficult to obtain but from
articles originating mainly from sexually transmitted disease (STD) clinics, it is
apparent that infestations are quite common. Pubic lice are usually found on
the hairs of the pubic region and transmission from one person to another is,
for the most part, through sexual contact. Infestations may cause irritation and,
at times, secondary infections.

Physicians finding pubic lice should consider the possible presence of other
venereal infections as there is a high degree of correlation between the presence
of P. pubis and other venereal infections. Furthermore, the possibility of sexual
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abuse having occurred should be considered in children with pubic louse infes-
tations.

Valle (1988) studied 235 homosexually active men in Finland in 1983. Of this
group, 88.5% reported at least one STD, the most common being pubic lice
(64.7%) followed by gonorrhea (42.9%). Opaneye et al. (1993) found that 37% of
the patients at a clinic in Coventry, UK, who were positive for P. pubis also had
another STD. In the USA, Pierzchalski et al. (2002) compared the rate of Chlamydia
and gonorrhea infections in adolescents with and without pubic lice in order to
evaluate pubic lice infestation as a predictor for concurrent Chlamydia or gonor-
rhea infection. The study demonstrated that pubic lice infestation predicted C.
trachomatis infection (odds ratio = 3.31) and pubic lice infestation was, therefore,
predictive of a concurrent C. trachomatis infection in this population. The authors
recommended that adolescents infested with pubic lice should be screened for
other STDs, including Chlamydia and gonorrhea infections.

In Spain, Lopez Garcia et al. (2003) reported that phthiriasis palpebrarum
(infestation of the eye lashes) caused by P. pubis, is an uncommon cause of
blepharoconjunctivitis; therefore, this condition is easily misdiagnosed. The
number of such cases in their hospital department has increased in recent years.
They also recommended that affected children be searched for signs of child
abuse.
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Tick-borne diseases of Europe

Tick-borne viruses

By 1972 some 68 different viruses had been recorded from more than
80 tick species, 20 of which were believed to cause disease in man or domestic
animals (Hoogstraal, 1973). Since the publication of Hoogstraal’s review, many
other viruses have been isolated from ticks though their role as causative agents
of human, or animal, disease is often unknown or uncertain. Many areas of
Europe remain poorly surveyed and more viruses are likely to be found.

Tick-borne encephalitis TBE

Tick-borne encephalitis (TBE) is the most important and widespread of
the arboviruses transmitted by ticks in Europe; TBE is a member of the family
Flaviviridae. Tick-borne encephalitis should be considered a general term encom-
passing at least three diseases caused by similar flaviviruses, whose range spans
an area from the British Isles (Louping ill), across Europe, as central Europe tick-
borne encephalitis transmitted mainly by Ixodes ricinus, to far-eastern Russia, as
Russian spring-summer encephalitis, which is transmitted mainly by I. persul-
catus. The three diseases differ in severity, with Louping ill being the mildest
and Russian spring-summer encephalitis the most severe. Man is infected by the
bite of infected ticks and, much more rarely, by ingestion of milk from infected
domestic animals (Dumpis et al., 1999). The tick is both a vector and a reservoir
host; once infected, it remains infected throughout its life, through its meta-
morphosis and transmits the virus to its progeny. Small rodents (field-mice or
voles) are the prime vertebrate hosts.

Tick-borne encephalitis is often the cause of serious acute central nervous
system (CNS) disease which may result in death or long-term neurological
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sequelae for a considerable period after recovery from the initial infection. The
case fatality rate in those developing symptomatic disease is 0.5-2% for the
western subtype and 5-20% for the eastern subtype. About 40% of the infected
patients are left with a residual post-encephalitic syndrome. The course of the
disease is more severe in the elderly than in young people. The mortality of
the central European form of TBE is 0.7-2% (Ozdemir et al., 1999) and may be
even higher in severe infections. For the far eastern form, the mortality rate
may be as high as 25-30%. There is no specific treatment for the disease. In
infected persons, the post-TBE recovery lasts about 1 year and sequelae occur in
about one-third of the cases (Laiskonis & Mickiene, 2002). Haglund & Gunther
(2003) considered the percentage of sequelae as even higher; they observed that
a defined post-encephalitic TBE syndrome exists, causing long-lasting morbid-
ity that often affects the quality of life and sometimes also forces the indi-
vidual to a change in lifestyle. The sequelae render high costs for individual
patients and society. Three clinical courses may be identified: one with complete
recovery within 2 months, occurring in approximately one-quarter of patients,
one with protracted, mainly cognitive dysfunction, and one with persisting
spinal nerve paralysis with or without other post-encephalitic symptoms. Up
to 46% of patients are left with permanent sequelae at long-term follow-up, the
most commonly reported residuals being various cognitive or neuropsychiatric
complaints, balance disorders, headache, dysphasia, hearing defects and spinal
paralysis.

Tick-borne encephalitis is a notifiable disease in the entire region except for
Denmark and Iceland. A voluntary reporting system in Sweden has since July
2004 been replaced by mandatory reporting. Estonia, Finland, Lithuania, Norway
and Sweden only report laboratory-confirmed cases. Northwest Russia reports
both laboratory-confirmed cases and cases with a typical clinical picture with-
out laboratory confirmation but with an epidemiological link to risk factors
(seasonal forest visits, goat milk, etc.). In western and central European coun-
tries, TBE is particularly common in forest and mountainous regions of Austria,
Estonia, Latvia, the Czech Republic, Slovakia, Germany, Hungary, Poland, Switzer-
land, western Russia, Ukraine, Belarus and northern Yugoslavia. It occurs at a
lower frequency in Bulgaria, Denmark, France, Romania, the Aland archipelago
and neighbouring Finnish coastline, and along the coastline of southern Sweden,
from Uppsala to Karlshamn. Thousands of cases occur each year from late spring
to early autumn; the total number of annual cases in western European coun-
tries has averaged at least 3000 over the last 5 years although as will be seen,
the incidence may be still higher. The International Scientific Working Group
on Tick-Borne-Encephalitis (2003) estimates that at least 10000 cases of TBE
are referred to hospitals each year, yet the incidence of TBE is so far not fully
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Table 12.1 Tick-borne encephalitis in Europe, most recent year available

Number of cases

Country Most recent year reported Incidence/100 000
Austria 2003 87 1.09
Czech Republic 2003 - 5.9
Finland 2001 >40 -
Germany 2003 276 -
Hungary 2001-2003 63 (annual -
average)
Latvia 2003 - 15.7
Lithuania 2003 763 22
Norway 2003 1 -
Poland 2003 339 0.89
Slovakia 2003 74 1.38
Slovenia 2003 272 13.6
Finland 2003 107 -

Eurosurveillance Weekly Archives 2004 8(29)

recognized. The reason for this is that TBE produces clinical features similar
to those of many other types of meningitis and/or encephalitis. The group also
considered that until recently TBE was believed to be a rather limited problem
in a few well-defined endemic areas; however, this notion has now been revised
(Table 12.1).

Outbreaks often follow periods when voles (Clethrionymus or Microtus species),
the principle reservoir hosts, and ticks are numerous (between May and June and
between September and October). Russian summer-spring encephalitis occurs in
the spring and summer months in eastern Russia, Bulgaria and Iran.

The incidence of TBE in central and eastern Europe has increased sharply, sup-
posedly due, among other things, to climate warming and changes in leisure
activities. The probability of contracting the disease following a viral infection is
about 30%. Some 70% of victims manifest a biphasic course with two fever peaks.
Some 10% will have lasting, sometimes severe, neurological deficits, and 1-2%
will die. Diagnosis is based on confirmed exposure to ticks in a high-risk area, a
tick bite within the previous three weeks, clinical symptomatology, infected cere-
brospinal fluid and FSME-specific IgM and IgG antibodies in the serum. Causal
treatment is not possible, but the disease can be effectively prevented by pro-
phylactic measures and vaccination (Lademann et al., 2003). The commercially
available vaccines in Europe consist of highly purified inactivated whole TBE

virus.

91



92

The Vector- and Rodent-borne Diseases of Europe and North America

Many of the following country summaries are taken from the website euro-
surveillance.weekly@hpa.org.uk, others from the author’s database. The graphs
of TBE incidence (Figure 12.1) are also taken from the web site.

Austria

Meningoencephalitis is a notifiable disease in Austria. There were 87
cases of TBE in Austria in 2003: an incidence rate of 1.09 per 100 000. In 2002,
there were 51 cases, and in 2002, 60 cases. The regions most affected by TBE are
in the south: Steiermark (Styria) and Karnten (Carinthia). All of these cases were
in unvaccinated people, or people who had not had the vaccine according to the
recommended schedule.

Austria is the country with the highest coverage of TBE vaccination (86% of
the total population); this has led to a dramatic reduction in the annual number
of clinical cases, proving that vaccination is an effective means for the prophy-
laxis of TBE (Heinz & Kunz, 2004). Until the early 1980s, TBE was a frequent
cause of CNS infectious disease in Austria. In 1958, the proportion of TBE in the
total number of CNS viral diseases in Austria was 56%. Thus, before the start of
the vaccination programme, it was the most important and most frequent dis-
ease of this type in adults, with several hundred cases being reported each year.
From 1981, voluntary vaccination was encouraged by intensive media campaigns.
As a result the number of hospitalized cases due to TBE declined significantly
from 1981 to 1990 with important savings in health-care costs (Schwarz, 1993).
A study of the rate of vaccination among school children in Austria showed that
the prevalence of at least one TBE vaccination was 91.4% for 7-year-olds, 97.3%
for the 10-year-olds and 97.1% for the 13-year-olds. The prevalence of basic TBE
immunization was 84.0%, 91.7% and 92.3% respectively. The lowest vaccination
rates were found in families with four or more children and for those children
with mothers of the lowest educational level (Stronegger et al., 1998). The cov-
erage rate for very young children, and people over 65, is under 70%. The low
coverage in older people represents a challenge for prevention of TBE in Austria.

Belarus

There have been dramatic increases in TBE incidence in Belarus since
the early 1990s. Tick-borne encephalitis incidence is highest in June and has
been observed predominantly in people between 30 and 39 years of age (Korzan
et al., 1996).

Croatia
In 1984/1985, Galinovic Weisglass & Vesenjak Hirjan (1986) examined
243-paired sera of persons who had been in contact with ticks. Of this group,
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Figure 12.1 Annual case number of tick-borne-encephalitis in European countries,
1970-2001. NB - the data for Russia are expressed as incidence/100 000 population.
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51.85% were positive by complement fixation (CF) and 53.18% by haemagglu-
tination inhibition (HI) tests. The largest number of positive cases was in the
15-49 age group, many of whom were from the Zagreb area. Over a period
of 20 years, 92 patients were treated for TBE in the University Hospital in
Osijek in eastern Croatia, most of them forestry workers. In eastern Croatia
TBE is a relatively common disease, appearing almost every year. In a small
number (9.8%) of cases the clinical picture was aseptic meningitis and in the
majority of patients (90.2%) it presented as an acute meningoencephalomyelitic
form. The course was relatively severe in the majority of the patients analysed,
with disturbances of consciousness (32.6%) and transitory neurological signs
(61.9%). Three patients died (3.3%) in the early phase of the disease (Anic et al.,
1998).

Czech Republic

Tick-borne encephalitis was isolated for the first time in Europe in the
Czech Republic and occurs throughout the country in natural foci where the
virus cycle is easily maintained. The landscape consists of forests and farmlands.
There is an abundance of game and the presence of roe deer (Capreolus capreolus)
plays a key role in TBE natural foci (Danielova, 2002). Laboratory-confirmed cases
of TBE have been reported in the Czech Republic since 1979. In 2003, the approx-
imate incidence of TBE was 5.9/100 000 population. Incidence is higher south of
Prague near the city of Ceske Budejovice and near the town of Pilsen in the west.
Recently, TBE foci have been identified in the northern part of the province of
Bohemia. In the east of the country, incidence is high near Olomouc. Clinical
cases of TBE are notified from April until November every year.

Since 1970, the incidence of TBE has changed twice: during the 1980s, it fell
by about 30% compared with previous levels, but in 1993 incidence doubled to
its present level, about 50% above the pre-1980 level. The increase was character-
ized by: (a) a higher number of cases in areas well known for TBE occurrence;
(b) re-emergence in areas where TBE human cases had not been observed, or
only sporadically, for a long time; (c) emergence of TBE in places unknown
previously including at high elevations (Daniel et al., 2004). No single factor
adequately explains the rising incidence of the disease in the Czech Republic.
Changing weather patterns in the past few years is a possible factor. The aver-
age annual temperature in the Czech Republic increased slightly from 1970, but
then much more markedly from 1989 and rainfall patterns have also changed,
possibly affecting tick survival and development rates (Beran, 2004). Changes
in the geographical distribution of Ixodes ricinus have been observed, with ticks
appearing at higher altitudes in mountains than previously as a possible effect
of global warming (Zeman & Benes, 2004).
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Vaccination is recommended for persons who intend to camp or hike in
endemic areas.

Denmark

Tick-borne encephalitis is not a notifiable disease in Denmark. The only
area where it was considered that there is a risk of acquiring TBE is on the island
of Bornholm. People who live on Bornholm permanently, or have a summer hol-
iday home on the island, are advised to be vaccinated if they leave the desig-
nated paths in woods or scrub land. Tourists and school parties are not generally
required to have a vaccination. However, Skarphedinsson et al. (2005) conducted
a study of the distribution and prevalence of tick-borne infections in Denmark
by using roe deer (Capreolus capreolus), as sentinels. Blood samples from 237 deer
showed that 8.7% were positive for TBE-complex virus. The authors considered
that these findings show that a marked shift has occurred in the distribution
of TBE-complex virus in Denmark, supporting studies that predict alterations in
distribution of TBE due to climatic changes as previously TBE has been found
only on the island of Bornholm.

Estonia

Tick-borne encephalitis is considered as a severe public health problem
in the country. There has been a rising trend of reported cases of TBE in Estonia;
in 1990 only 37 cases were reported and by 1997 there were 404 cases; in 1998
there were 387, in 1999, 185 and in 2000, 272 cases. Occupational exposure in
forests is a risk factor for infections.

Finland

Tick-borne encephalitis is a notifiable disease in Finland. The number
of TBE cases has risen from an annual 10-20 in the 1990s to over 40 cases annu-
ally in 2001 (population 5.2 million). The incidence of identified cases is highest
(i.e. over 100/100 000/year) on the island of Aland, situated between Finland and
Sweden. Approximately one out of five Alanders is infected during his or her life-
time, although TBE infections are rare in children and adolescents. In addition
to the Alanders, approximately 10 Swedes annually fall ill with TBE after visiting
Aland. Foci of TBE exist elsewhere in Finland such as in the Turku archipelago,
in some areas of the southeast around Kokkola, on Isosaari and in coastal regions
close to Helsinki (Han et al., 2001).

The National Public Health Institute recommends vaccination against TBE for
all those over 7 years of age who reside in, or intend to spend long periods in,
the known endemic areas. The vaccine is not, however, currently part of the
Finnish national immunization programme.
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France

In France, natural foci have been detected in the Alsace in the Illkirch
forest, near Strasbourg. Tick-borne encephalitis was determined as a cause of a
case of encephalitis in 1968 and was isolated from Ixodes ricinus in 1970 (Hannoun
et al., 1971). An epidemiological survey carried out from 1970 to 1974 led to the
conclusion that the Alsatian TBE focus is stable as virus activity was detected
every year; the focus is an extended one; virus was isolated from both I. ricinus
and various rodents in five of six study sites, as well as in several control sites
(Perez Eid et al., 1992). Eight new cases of TBE were observed in Alsace between
1985 and 1990. The clinical presentation in these patients and the 2 earlier cases,
was a pure meningitis syndrome in 4 cases and meningo-encephalitis in 6 cases,
very severe in 3 of them. All patients recovered rapidly, and only 3 had slight
sequelae. In a seroprevalence survey conducted in 1989 among 619 professional
foresters of eastern France, 8% were found to be seropositive, which suggests
that the disease is often unrecognized (Collard et al., 1993).

Christmann et al. (1995) noted that between the first report of the presence of
TBE in France in 1968 and 1994, a total of 21 cases were reported in the literature
or through personal observations (by 1996 this had risen to some 30 cases). All
the patients were infected in the Alsace where the rate of infection is probably
underestimated. Because 2 cases of TBE were diagnosed in the Nancy region, a
seroepidemiological survey was conducted in the Lorraine (Meurthe and Moselle,
Moselle, Vosges, Meuse) in 1966 on 1777 persons, of whom 21% had experienced
tick bites. Tick-borne encephalitis serology (IgG) was positive in 19 subjects; 9
sera were positive on Western blot (0.76). No IgM positive serum was found.
Seroprevalence was higher in subjects with a history of tick bites; the authors
concluded that the infection was not a public health problem in the Lorraine
(Schuhmacher et al., 1999). The number of cases and tick population densities
has continued to rise in France since the mid-1990s (George & Chastel, 2002).

Germany

Tick-borne encephalitis is a notifiable disease in Germany. In 2003, 276
cases of TBE were reported (in 2002, 239 and in 2001, 256 cases), mainly in
southern Germany in the federal states of Baden-Wurttemberg (42%) and Bavaria
(38%).

Counties in Germany are classified according to three levels of TBE risk. A
county is classified as a high-risk area if at least 25 TBE cases occurred within a
5-year period between 1984-2003, and as a risk area if at least 2 cases occurred
in a single year, or at least 5 cases occurred within a 5-year period between 1984-
2003. Areas are declared to be TBE endemic based on elevated TBE seroprevalence
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in non-immunized forestry workers. In 2003, three new districts were identified
as risk areas; 74 of Germany’s 440 counties are currently classified as TBE risk
areas, and 9 as high risk areas. They are located in Baden-Wurttemberg (30),
Bavaria (45), Hesse (4), Thuringia (3) and Rhineland-Palatinate. A further five
counties in Baden-Wurttemberg are classified as TBE endemic based on sero-
prevalence studies. There was a change in the definition of risk areas of TBE in
Germany in 1998. In 1998, 63 country and town districts were TBE risk areas,
in 2001, 79 and in 2002, 86. There were new risk districts within Bavaria and
Baden-Wurttemberg and in Thuringia, Hesse and the Rhineland-Palatinate. The
TBE incidence in Bavaria and Baden-Wurttemberg has been stable at a high level
for years; outside these areas it has steadily been climbing (Odenwald, Thuringia)
(Suss et al., 2004).

The German Standing Committee on Vaccination (STIKO) recommends TBE
vaccination for persons exposed to ticks in risk areas.

Greece

Little epidemiological information is available on human infections
with TBE in Greece. The virus has been isolated from goats in the north of
the country and dogs have been found positive at low levels. Blood samples for
serosurveys were collected from healthy farmers, wood cutters and shepherds in
a rural area; 1.7% carried antibodies to TBE (Antoniadis et al., 1990). The virus
circulates in the country but is not a public health problem.

Hungary

Tick-borne encephalitis has been a mandatory notifiable disease in
Hungary since 1977. Samples from patients with aseptic meningitis and
encephalitis have been tested for TBE since 1958. The average yearly incidence
between 1977 and 1996 was 2.5/100 000 population, with the highest incidences
between 1981 and 1990. From 1997 to 2000, a decrease in the number of the
diagnosed TBE cases was seen, with an incidence of 0.5/100 000 in 2000 (Voss,
2000). Since 2001, the incidence has been increasing again. In the last 3 years,
the yearly average of the reported cases was 63. The high-risk areas are in western
and northern Hungary, the known natural foci.

Vaccination for forestry and agricultural workers was introduced in 1977.
Since 1991, TBE vaccine has been available for all through purchase at pharma-
cies, and employers must ensure the vaccination of employees at risk. No detailed
data on TBE vaccination coverage are currently available, although a rough esti-
mate is that 3-5% of the population has been vaccinated, mostly people living
in high-risk areas (Lakos et al., 1996).
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Italy

The first clinical cases of TBE were reported in 1975 and 1978 in north-
ern Italy; the two cases in 1978 were both mild forms. Both patients lived or
frequented rural areas where there are rodents likely to be natural reservoir
hosts, and sheep were hosts of Ixodes ricinus (Amaducci et al., 1978).

Since then, two more endemic areas and five more TBE foci have been re-
cognized in northeast Italy, in the provinces of Trento (Trentino-Alto Adige) and
Belluno (Veneto). The disease initially appeared to be very rare, only 18 cases
having occurred in the period 1975-1991, but this has changed in recent years,
with 84 new cases diagnosed from 1992-2001. Thus, a total of 102 indigenous
TBE cases were recorded in 1975-2001. By comparing the median number of
TBE cases|year recorded in the period 1975-1991 and in 1992-2001, an almost
eight-fold increase in the incidence of the disease can be estimated. Tick-borne
encephalitis predominates in males (M/F ratio = 72.5%), can occur in any age
(age range of 16-73 years) and tends to be acquired during outdoor leisure activ-
ities. Unlike other countries, however, the incidence is seasonally distributed
throughout the year, with the exception of January and March, and displays a
biphasic peak in July and October. Only 58% of Italian TBE patients recalled a
recent tick bite. No fatalities have occurred; however, five patients required res-
piratory support in an intensive care unit and persistent motor deficits affected
4 subjects (Caruso 2003).

The low prevalence of TBE in reservoir hosts and man does not warrant car-
rying out vaccination campaigns.

Latvia

Tick-borne encephalitis is an important public health problem in Latvia.
The disease has been notifiable since 1955. Since 1963, there has been a steady
increase in the incidence with the greatest number of cases occurring in the Riga
district, including cases from inside the city itself (Babenko et al., 1975). During
the period of 1993-2002 there was a significant increase in the incidence of TBE.
The highest increase of morbidity was in 1994 and 1995, and to a lesser extent
in 1998, then this decreased during subsequent years. Both Ixodes ricinus and L.
persulcatus are vectors; L. ricinus is found in the western and central part of Latvia
and rarely in small numbers in the east while I. persulcatus dominates in the east.
The increased incidence of the infection in 1994-1995 was primarily in the area
where I ricinus is the vector. The annual field-collected adult tick infection rate
with TBE from 1993-2002 for I. ricinus adults varied between 1.7-26.6% and for I.
persulcatus between 0-37.3%. Infection levels in ticks removed from humans was
much higher and from 1998-2002 surpassed 30%. A study of the presence of the
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virus in adults and nymphs of L. ricinus in 2002 showed a high TBE prevalence
of 43% (Bormane et al., 2004).

In 1994, a campaign to vaccinate children against TBE began in areas of high
risk. There are five rural areas where child TBE incidence level exceeded the
mean level in the country (20/100 000 children); in areas with the highest inci-
dence, the levels exceeded the mean by six-fold. These areas were a vaccination
priority and 75% of children in these rural districts are now covered. Vacci-
nation in the two highest risk groups of infected territories was completed in
1998. Altogether, children have been vaccinated in more than 100 rural districts.
The immunization coverage for the whole population of Latvia is about 5%, but
results of a survey of TBE prophylaxis awareness (1000 respondents) suggested
the percentage of vaccinated adults was higher: 15% people on low incomes and
26% of all respondents reported that they had been vaccinated (Lucenko et al.,
2004).

Lithuania

Tick-borne encephalitis is a severe public health problem in Lithuania;
from 171 to 645 serologically confirmed cases occurred each year between 1993
and 1999. A sharp increase in TBE cases was observed between 1992 and 1993
and continued in the 1990s. The increase was greatest in 1993-1995. In 2003,
the epidemiology of TBE in Lithuania was very unusual. The incidence rate (763
cases, 22/100 000 population) was double the average incidence over the last 10
years, and was the highest annual rate recorded since notification began at the
end of the 1960s. This rate was also the highest of all the Baltic countries in 2003
with four cases of death in 2003. The highest incidence, about 80% of all notified
cases, is recorded yearly in the northern and central part of the country. People
from rural areas are 1.7 times more affected than people in urban areas. About
40% of all cases of TBE were in retired and unemployed people, who constitute
a particular risk group more likely to go into forests to collect mushrooms and
berries as an additional source of income. Incidence is about 2-3 times higher
in adults than in children; typically, 20% of all cases of TBE in Lithuania are in
people over 60 (Asokliene, 2004).

Clinically, infections in the country are often severe. Mickiene et al. (2002)
examined 250 patients with CNS symptoms during a 1-year-period; TBE presented
as mild (meningeal) in 43.6% of patients and as moderate or severe (encephalitic)
in 43.6% and 12.8% of patients, respectively. Paralytic disease was observed in
3.8% of the subjects, and cranial nerve injury was observed in 5.3%. One patient
died of TBE. Permanent CNS dysfunction after a year was found in 30.8% of
patients; in 8.5% of all TBE cases, severe disabilities required adjustment of
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daily activities. A progressive course of TBE was noted in 2 patients. The risk of
incomplete recovery was significantly higher among patients with the encepha-
litic form of TBE.

Tick-borne encephalitis is, therefore, an important pathogen in CNS infec-
tion in the Kaunas region of Lithuania, and it causes long-lasting morbidity in
one-third of cases. It remains geographically restricted in Lithuania - certain
areas are well-known ‘hot spots’ of infection. A vaccine is available and has been
recommended to people living or visiting high-risk areas.

Norway

All cases of encephalitis are notifiable in Norway, including TBE. In 2003,
one case of TBE was reported. There have only been 8 cases of TBE acquired in
Norway reported. The first case was identified in 1998. All cases were acquired
within a limited area on the southern coast, and four cases were diagnosed in
the municipality of Tromoy. A study done among regular patients in a health
centre in Tromoy showed a seroprevalence of 2.4% with TBE antibodies (4 cases).
This area probably represents a small focus of the disease in Norway. In addition,
2 cases of imported TBE were reported since 1994. These were acquired in Sweden
and Austria.

Vaccination is not recommended as protection against transmission within

Norway.

Poland

Tick-borne encephalitis is a notifiable disease in Poland. Since 1993, the
number of reported cases at country level has ranged from 100 to 350 cases per
year. In 2002 the number of reported cases was 126 (incidence 0.33/100 000),
and in 2003 the number was 339 (incidence 0.89/100000). Eighty per cent of
cases occurred in two northeastern provinces of Poland adjacent to Lithuania
and Belarus. A second focus of the disease is in the southwestern part of Poland,
in districts adjacent to the Czech Republic.

Vaccination, using a 3-dose schedule, is recommended for groups living
in endemic areas, and tourists visiting endemic places. Certain risk groups
(foresters, soldiers, timber industry employees) are immunized in regular cam-
paigns paid for by their employers.

Russia

Tick-borne encephalitis was first observed in the taiga zone of Russia in
1937 and was characterized by a severe illness and high mortality. Endemicity
extends along the southern band of the forest zone of non-tropical Eurasia from
the Atlantic and Mediterranean to the Pacific. A greater part of the range is in
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Table 12.2 Incidence in Russia of tick-borne encephalitis

Incidence
Year Total Per 100 000 Deaths
1992 6310 4.25 112
1993 7520 5.08 101
1994 5593 3.78 89
1995 5982 4.04 111
1996 10298 6.97 166
1997 6702 4.60 102
1998 7520 5.10 118
1999 9955 6.79 134

Russia and 80-90% of the TBE cases occur in Russian territory. Its main reservoir
hosts and vectors are Ixodes persulcatus and I. ricinus. The range of the virus and
the location of natural foci within it are closely associated with the distribution
pattern of these ticks.

There were two epidemic peaks in 1956 and 1964 with 5163 and 5205 cases
respectively (4.1-4.5/100000). From 1965-1971 morbidity gradually decreased
from 3658 cases in 1965 to 1226 in 1971 due to the control of I. persulcatus car-
ried out by DDT applications to vegetation. Since 1972 TBE incidence has been
increasing, in part because DDT applications have been stopped completely. This
was followed by a return of high tick population densities. In 1990 and 1991
there were 5486 and 5225 cases respectively. There were further increases with
6301 cases in 1992 and 7893 cases in 1993 and 9548 in 1996 (6.45/100 000) (Koren-
berg, 1997). In the period from 1995-1999, the number of people contracting TBE
increased 5.7 times in comparison with the period from 1971-1987. The rise in
morbidity of TBE in Russia over the last years is not only explained by the discon-
tinuation of the use of acaricides but also by the changing ecological situation
in the country; this includes urbanization of new territories, increased contact
between the population and ticks in the natural nidi of TBE through visits to
the forests for relaxation, berry and mushroom picking, tourism, etc. At the
same time, the use of specific prophylaxis has sharply decreased. Based on their
analysis of data from 1992-1999, a sharp increase in TBE morbidity was detected
in the Russian Federation (from 6310 to 10 298 cases). In addition to an overall
increase, the number of deaths also rose (Vorobjeva et al., 2001). These authors
also presented a review table (Table 12.2).

Children up to 14 years of age constitute one-fifth to one-third of all reported
cases. From 1995-1999, 27 children under 14 died of TBE in Russia.
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Tick-borne encephalitis is a serious public health problem in Russia and the
incidence is increasing in many foci. Vaccination rates are unsatisfactory and,
as noted above, a well-functioning tick control programme has disappeared.

Slovakia

Tick-borne encephalitis is a compulsory notifiable disease in Slovakia.
Typically, foci occur in forested areas with an average temperature of 8 °C and a
yearly rainfall of 800 mm. The density of ixodid ticks within the foci is relatively
high. The natural foci of TBE are confined to southern slopes of the Carpathian
mountains and to the Danube basin. The foci appear most frequently in western
parts of the country, but also in middle and eastern Slovakia. The morbidity
of TBE, which is actually increasing, ranges from 0.6 to 1.6/100 000 inhabitants.
The TBE virus infection rate of the ticks within Carpathian foci may be as high
as 2.6%; the number of infected ticks within the Pannonian foci at the Danube
never exceeds 0.1%. Four isolates of TBE have been obtained from brains of
small rodents, the long-tailed field mouse Apodemus sylvaticus, and the bank vole
Clethrionomys glareolus (Eleckova et al., 2003).

The number of reported cases has ranged from 54-101 cases/year in the last
10 years. In 2002, the number of reported cases was 62 (incidence 1.15/100 000),
and in 2003, the number of reported cases was 74 (incidence 1.38/100 000). Some
of the reported cases were caused by drinking raw goat and sheep milk (home
production). Longitudinal monitoring of TBE virus in ticks and vertebrate hosts
(including humans) between 1964-1997 identified 37 endemic foci.

Vaccination is recommended for people living, or working in, endemic areas,
and for tourists visiting endemic areas. The cost of vaccination for those who
work in TBE endemic foci is reimbursed by health insurance.

Slovenia
Tick-borne encephalitis is endemic in northern Slovenia and is a notifi-
able disease. In 2003, 272 cases of TBE were reported, an incidence of 13.6/100 000.
In 2002 there were 262 cases and in 2001, 260 cases.
Control efforts are directed towards early diagnosis and awareness campaigns.
A vaccination campaign coordinated by the National Institute of Public Health is
in place throughout the country, from late autumn to spring, annually. Immu-
nization against TBE is recommended and offered by general practitioners and
epidemiologists to anybody who spends time outdoors in the endemic areas,
including short-term visitors.
Vaccination is obligatory for those in military service and other profession-
ally exposed persons, including forestry and agricultural students. The cost of
vaccination is covered by health insurance for students only. Coverage in these
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groups, and in students, is very high (98%). Coverage in the general population
is below 10%.

Sweden

Tick-borne encephalitis is included in voluntary laboratory reporting
for infectious disease surveillance in Sweden. A human case of TBE was first
described in Sweden in 1954 and the virus first isolated in 1958 from a patient
and from Ixodes ricinus. By the late 1980s and early 1990s, around 50-70 TBE
cases were reported annually. The majority of the infected patients are diag-
nosed through hospitals. Since the end of the 1990s, around 100 cases have
been reported annually. During the same period, the disease attracted increased
public attention. It is, therefore, difficult to say whether there has been a real
increase in the number of cases, or increased diagnosis due to a higher clinical
awareness. Cases are being reported more frequently in recent years from areas
where, previously, only occasional cases had been detected.

In 2003, 107 cases of TBE were notified (in 75 men and 32 women). Most of
the infections were acquired in the counties of Stockholm (56%), Sodermanland
(15%) and Uppsala (6%). In the county of Vastra Gotaland (to the south of Lake
Vanern), 5-10 cases are notified annually. Sporadic cases occur in the rest of
Sweden every year.

Lindgren et al. (2000) examined the possibility that a reported northward
expansion of the geographic distribution of I. ricinus and an increased tick den-
sity between the early 1980s and mid-1990s in Sweden was related to climatic
changes. The annual number of days with minimum temperatures above vital
bioclimatic thresholds for the tick’s life-cycle dynamics were related to tick den-
sity in both the early 1980s and the mid-1990s in 20 districts in central and
northern Sweden. The winters were markedly milder in all of the study areas
in the 1990s as compared to the 1980s. Their results indicate that the reported
northern shift in the distribution limit of ticks is related to fewer days during
the winter seasons with low minimum temperatures. This finding has impli-
cations for a likely northward shift of the distribution of TBE transmission as
well.

Vaccination is recommended for high-risk groups residing in endemic areas,
and for people visiting endemic areas during the summer.

Switzerland

Tick-borne encephalitis has been known in Switzerland since 1969 and is
endemic in areas of northern Switzerland and the principality of Liechtenstein;
TBE foci have not, so far, been found in the far western part of Switzerland,
despite the prevalence of Ixodes ricinus in that region. There has been a steady
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increase of cases reported each year during the last 20 years. In addition, the
highest incidence is now found in different geographic regions than previously.

There are two main endemic areas, one covering most parts of the Swiss
midlands, the other one in the upper Rhine valley. The number of yearly reported
new infections in Switzerland ranges between 60 and 120 cases, most of them
with neurological manifestations. From 1984-2004 a total of 1370 cases of TBE
were reported in Switzerland; and from 1999 the incidence was 1.4/100 000, but
was higher in the towns (Zimmmerman & Koch, 2005). Seventy-five per cent of
the diagnosed patients were hospitalized (Schwanda et al., 2000).

In the last 10 years the number of reported cases has risen from 30-70 cases
per year to 60-120 cases per year. This increase was mainly caused by the increase
of cases in the cantons of Thurgau, Aargau and St. Gallen, all located in the
northeastern part of the country. In the canton Thurgau with 223 000 inhab-
itants, between 1990 and 2000, incidence increased from one to 26 registered
TBE-cases per year, an incidence of up to 12 cases per 100 000 inhabitants per
year and the canton became the area of highest risk in Switzerland for TBE.
Between 1970 and 1980 there were only 3 cases in the canton and between 1980
and 1990 not a single case was reported (Krech, 2002). In 1996, 6 cases were
diagnosed, in 1997, 15, in 1998, 10, in 1999, 26, and in 2000, 12 cases, almost all
requiring hospitalization (Baumberger et al., 1996).

UK

Louping ill (LI) disease of sheep has been recognized in Scotland for
centuries. It causes encephalitis and is transmitted by Ixodes ricinus. The LI virus
has been shown to be most closely related antigenically to strains of the Western
European subtype of tick-borne encephalitis virus (Stephenson et al., 1984). A
very similar infection transmitted by I ricinus has been reported from Bulgaria,
Greece, Norway, Spain and Turkey (Gould, 2000).

Louping ill virus is transmissible to humans. Humans can develop any one of
four clinical syndromes: either an influenza-type illness, a biphasic encephalitis,
a poliomyelitis-like illness or a haemorrhagic fever following infection with LI
virus. Transmission can take place by tick bite, exposure to aerosolized infective
material, or through skin abrasions or wounds. Non-laboratory-acquired infec-
tions most frequently result from handling infected carcasses in abattoirs. The
potential for oral transmission of LI virus to humans also exists where milk for
human consumption is obtained from goats or sheep that are in the acute phase
of the infection.

Human infection was first reported in 1934 and more than 31 human cases
have now been described in the UK. Humans, though susceptible to infection
with LI virus, are considered an accidental or tangential host of the virus. The
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occurrence of LI is closely related to the distribution of the primary vector, the
sheep tick. There may well have been more cases but it appears that many cases
are subclinical and, therefore, not recognized or reported. The risk of contracting
the infection is higher for persons who kill infected sheep. A vaccine is avail-
able for sheep which should also reduce human disease among persons most
exposed.

Ukraine

Tick-borne encephalitis is endemic in the steppe regions in the western
part of the country. In the Crimea the most active and potentially dangerous
foci are located in forests of mountainous areas of the peninsula coinciding with
the distribution of Ixodes ricinus. Some 40-50 cases a year are reported. Among
the residents of the Crimean mountain forest zone, 13.9% were found to have
immunity to TBE, indicating wide contact of the population with the pathogen.
Tick-borne encephalitis morbidity had a pronounced seasonal character with a
prevalence of mild clinical forms (Evstafev, 2001).

Tick-borne encephalitis is rare or absent from Portugal and Spain and little

information is available from other possibly endemic countries.

Conclusions on the public health importance of TBE in Europe
Tick-borne encephalitis is a serious public health problem throughout
much of its endemic areas. While use of an effective vaccine has greatly reduced
the number of infections in those areas where vaccination rates are high, such as
Austria, there are many areas where vaccination rates remain low and infections
persist. Randolph (2001) believes that there will be an eventual decline in the
distribution and incidence of TBE due to global climatic changes. On the other
hand, Lindgren (1998), in a model for Sweden based on climate change, concludes
that there will be an increase in TBE incidence in Stockholm County, a high-
endemic region in Sweden, during the next 50 years. According to this simplified
model, the annual vaccination rate needs to increase by three to four-fold during
the next half century to prevent the projected increases in TBE incidence in
the region. Zeman & Benes (2004) concluded that, overall, the fluctuations of
TBE incidence and TBE transmission altitude ceiling are synchronous processes
that correspond with temperature changes. Although the dependence of TBE on
temperature is not a direct one and various factors could be involved, an impact
of climate warming on the vertical disease distribution in the Czech Republic
and Central Europe is evident.
Whatever the effect of climate, both the distribution and incidence of TBE
infection are increasing in most endemic countries as a result of increased
human exposure to ticks and despite vaccine availability. There is a need
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for improved surveillance and vaccination programmes in the most seriously
affected endemic areas.

Crimean-Congo Haemorrhagic fever

The disease Crimean-Congo Haemorrhagic fever (CCHF) is caused by
a Nairovirus, a group of related viruses forming one of the five genera in the
Bunyaviridae family of viruses. All of the 32 members of the Nairovirus genus are
transmitted by argasid or ixodid ticks, but only three have been implicated as
causes of human disease: Dugbe and Nairobi sheep viruses, and CCHF, which is
the most important human pathogen. Crimean-Congo Haemorrhagic fever was
first observed in the Crimea by Russian scientists in 1944 and 1945. At that time
it was established by studies in human volunteers that the aetiological agent
was filterable and that the disease in man was associated with the bite of the
tick Hyalomma marginatum. The agent was detected in the larvae and in adult
ticks, as well as in the blood of patients during fever. This agent, presumably a
virus, was not maintained in the laboratory and was lost. Congo virus was first
isolated in Africa from the blood of a febrile patient in Zaire in 1956 and later
shown to be identical to the infection detected in Crimea.

In Europe CCHF has been reported from Albania, Armenia, Azerbaijan, Bul-
garia, France, Greece, Hungary, Kosovo, Macedonia, Moldova, Portugal, Russia,
Turkey and Ukraine either by the occurrence of human cases, by isolations from
ticks, or in serological surveys.

A severe disease in humans, CCHF has a mortality of approximately 30% or
higher. There is no specific treatment and general supportive therapy is the
mainstay of patient management. When CCHF patients are admitted to the hos-
pital, there is a serious risk of nosocomial spread of infection and a number of
such outbreaks have occurred. Patients with suspected or confirmed CCHF must
be isolated and cared for using strict barrier nursing techniques.

The most recent outbreaks in Europe have been 8 cases in Albania in 2002
(Papa et al., 2002), and in Kosovo in 2001 where the WHO reported 69 suspected
cases, out of which 6 died (WHO, 2001a). From 8 May to 28 July 2002, 12 con-
firmed cases of CCHF were registered in Kosovo and 3 deaths (WHO, 2002b);
CCHF has been persistent in Kosovo including an outbreak in 1995 with 119
cases of which 16 were fatal in Peja. On 26 July 1999 the Ministry of Health of
Russia reported that CCHF in the Stavropol region between the Black Sea and the
Caspian Sea had been confirmed. A total of 65 cases were reported, with 6 deaths
(3 of which were among children). The outbreak appeared to be tick-transmitted.
From 1975 to 1996, 279 cases were reported in Bulgaria with a fatality rate of
11.4%. Since 1997, a total of 124 cases of CCHF have occrred in Bulgaria, 27 of
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them fatal (Papa et al., 2004). No human cases of CCHF have been reported from
Greece.

The virus may infect a wide range of domestic and wild animals which
become infected from the bite of infected ticks. Several tick genera may be
infected, but the most efficient and common vectors for CCHF are Hyalomma
species. Transovarial and venereal transmission have been demonstrated
amongst some ticks species. The most important source for acquisition of the
virus by ticks is believed to be infected small vertebrates on which immature
Hyalomma species feed. Once infected, the tick remains infected through its devel-
opmental stages, and the mature tick may transmit the infection to large ver-
tebrates, such as livestock. Domestic ruminant animals, such as cattle, sheep
and goats, are viraemic for around 1 week after becoming infected. Humans
who become infected acquire the virus from direct contact with blood or other
infected tissues from livestock or may become infected from a tick bite. The
majority of human cases are involved with the livestock industry, such as agri-
cultural workers, slaughterhouse workers and veterinarians (WHO, 1998).

In western Europe and the Middle East, the most frequent vector is Hyalomma
marginatum. In Moldavia, CCHF has been isolated from Ixodes ricinus, Dermacentor
marginatus and Haemaphysalis punctata (Chumakov et al., 1974) but the actual vec-
torial importance of these species is uncertain. However, Markeshin et al., (1991)
found D. marginatus infected with CCHF virus in the Crimea and considered it
to be a vector; CCHF has also been isolated from Rhipicephalus bursa in Greece
(Papadopoulos & Koptopoulos, 1978).

Although an inactivated, mouse brain-derived vaccine against CCHF has been
used on a small scale in eastern Europe, there is no safe and effective vaccine
widely available for human use. Prevention of CCHF must depend on the con-
trol of tick populations in endemic areas or the avoidance of tick bites by per-
sonal protection measures such as insecticide-impregnated clothing or topical
repellents.

Bhanja virus

A Bunyavirus and member of the Bhanja antigen group, the virus is
distributed mainly in southern Europe and the Balkans as well as Africa and Asia.
Its northernmost record in Europe is an isolation from Dermacentor marginatus
in the Czech Republic (Hubalek et al., 1988). Antibodies to the virus have been
detected in Romania in 1986 in ticks, humans and domestic animals (Ungureanu
et al., 1990). The first report of human illness due to Bhanja virus was in Dalmatia,
Croatia in 1977 where an antibody rate of 31% was found on the island of Brac
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and the virus was isolated from Haemaphysalis punctata (Vesenjak Hirjan et al.,
1991).

Antibodies to Bhanja virus have also been detected in animals and humans
or isolations made from ticks in Bulgaria, Italy, Kosovo, Portugal, the Slovak
Republic and Spain. Hubalek (1987) reviewed the isolations or antibody findings
of Bhanja virus and reported that Bhanja virus has been isolated in 15 coun-
tries of Asia, Africa and Europe, and antibodies against it have been detected
in 15 additional countries. Vectors include ixodid ticks and species of six gen-
era (Haemaphysalis, Dermacentor, Hyalomma, Amblyomma, Rhipicephalus and Boophilus)
have yielded the virus. Bhanja virus has rarely been isolated from vertebrates but
antibodies have been detected in a wide range of mammals, mainly ruminants,
in birds (Passeriformes, Galliformes) and in reptiles. Antibodies to the virus were
isolated from brown bears in Croatia (Madic et al., 1993).

Natural foci of the Bhanja virus infections are associated with pastures of
domestic ruminants infested by ticks in the regions of tropical, subtropical and
partly temperate climatic zones. The high incidence of this virus in animals
implies that the risk of human exposure is high. Its overall public health impor-
tance is, at present, small with no evidence of human clinical disease despite
its common presence in human populations.

Thogoto virus

Thogoto virus is an influenza-like tick-borne member of the family
Orthomyxoviridae; it is widely distributed in Africa and in Europe has been
found in Italy (Sicily) and Portugal. Antibodies were found in human sera in
Portugal (Filipe et al., 1985) and it has been isolated from Rhipicephalus bursa in
Sicily (Albanese et al., 1972). Dobler (1996) classes this virus among those known
to be a cause of neurological disorders although overall it does not appear to be
of public health importance in Europe.

Dhori virus

Also a member of the Orthomyxoviridae, both Thogoto and Dhori
viruses share structural and genetic properties with the influenza viruses. Dhori
virus has been isolated from Hyalomma marginatum in Portugal (Filipe & Casals,
1979); antibodies were also found in humans in Portugal (Filipe et al., 1985). Four
strains of Dhori virus were isolated from H. marginatum, and from a hare in the
middle zone of the Volga River delta, in the Astrakhan region in 2001, which
was the first isolation of Thogoto virus from wild vertebrates (L'vov et al., 2002b).
The potential clinical importance of infection by this virus was shown when
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5 laboratory workers were accidentally infected during the preparation of cul-
tural agents. Clinically, Dhori infection is characterized by an acute course with
marked general toxicity and a febrile period of 2-4 days. However, like Thogoto
virus, this agent does not appear to be of public health importance in Europe
at present. Dhori virus is closely related to Batken virus (Frese et al., 1997) and
they may indeed be identical.

Tribec virus

Tribec virus, an Orbivirus, was first isolated from Ixodes ricinus in Slo-
vakia and has been reported from Belarus, Estonia, France, the Czech Republic,
Hungary, Italy, Moldavia, Norway, Romania, Russia and the Ukraine either by iso-
lation or as antibodies (Hubalek & Halouzka, 1996). In the Tribec mountains the
virus circulates among rodents, goats and different stages of L. ricinus. Some 20
patients with CNS infection in Czechoslovakia had antibodies to Tribec (Libikova
et al., 1978) but its overall public health importance is very limited.

Tettnang virus

Three strains of this virus were isolated from Ixodes ricinus in the then
Czechoslovakia; the isolates were lethal for suckling mice (Kozuch et al., 1978).
In Czechoslovakia, a virus, identified as Tettnang virus, was isolated from the
cerebrospinal fluid (CSF) of an 18-month-old child with pharyngitis accompanied
by an encephalitic reaction (Malkova et al., 1980). Although the agent may have
been the cause of disease, its restricted distribution and the few reports of illness
indicate that the virus is not of public health importance.

Eyach virus

This Coltivirus virus, family Reoviridae, is closely related to the American
Colorado tick fever virus. Eyach virus has been isolated from Ixodes ricinus in
Baden-Wurttemberg, Germany (Rehse Kriipper et al., 1976), and from I ricinus
and I. ventalloi in France (Chastel et al., 1984). Eyach virus as well as Erve virus,
also isolated in Western France in 1981-1982 from the long-tailed field mouse,
or wood mouse Apodemus sylvaticus, are able to infect human beings and have
been responsible for severe neurological disorders (Chastel, 1998). Newly devel-
oped serological techniques for the detection of this virus will help clarify its
epidemiological status (Mohd Jaafar et al., 2004). Eyach virus has also been found
in the Netherlands and the Czech Republic. The virus is widespread in hares and
probably in rodent populations.
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A number of other viruses have been isolated from ticks in Europe whose
importance as causative agents of disease is, at present, unknown or uncertain.
Further studies will undoubtedly find still other viruses as many areas of the
continent remain unstudied.

Tick-borne bacterial infections

Since the identification of Borrelia burgdorferi as the agent of Lyme dis-
ease in 1982, 11 tick-borne human bacterial pathogens have been described
throughout Europe. These include five spotted fever rickettsiae, the agent of
human granulocytic ehrlichiosis, four species of the B. burgdorferi complex and
a new relapsing fever caused by a Borrelia species (Parola & Raoult, 2001). The
species of Borrelia causing Lyme disease are closely related to the Borrelia species
causing relapsing fever.

Tick-borne relapsing fever

Several species of spirochaete are the causative agents of tick-borne
relapsing fever (TBRF) in Europe. Globally TBRF can be caused by some 15 dif-
ferent Borrelia species; these should be distinguished from louse-borne relapsing
fever caused by Borrelia recurrentis, a disease generally associated with a higher
mortality. The human body louse transmits an epidemic form and is always asso-
ciated with B. recurrentis, whereas a soft-bodied (argasid) tick transmits endemic
relapsing fever and is caused by several different Borrelia species. Tick-borne relap-
sing fever is a serious disease; if appropriately treated, it has a mortality rate
of less than 5%. If acquired during pregnancy, tick-borne relapsing fever poses a
high risk of foetal loss (up to 50%).

The Borrelia agents of TBRF are transmitted by the soft ticks of the family
Argasidae, primarily Ornithodoros species. The reservoir hosts are rodents and
other small mammals. The infection is widespread in Africa where O. moubata
and O. erraticus are the vectors of Borrelia duttonii and B. crocidurae. The wild reser-
voir hosts of the infectious agents are usually rodents. In Europe, B. hispanica is
the causative agent of relapsing fever in Spain although cases of disease are now
only rarely detected from patients (Anda et al., 1996). There have been no cases of
TBRF in Portugal since the 1960s (Sofia Nuncio, personal communication). The
infection has also been reported from Greece and Cyprus (Goubau, 1984). The
vector in Europe is O. erraticus. In Sweden, Fraenkel et al. (2002) found a Borrelia
closely related to the relapsing fever borrelia species i.e. B. miyamotoi. This is the
first report of a B. miyamotoi-like borrelia in Ixodes ricinus, a hard tick in Europe.

Tick-borne relapsing fever is now of minor public health importance in
Europe and is only seen as an imported disease; however, a survey near
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the Rhine valley of Germany has shown that relapsing fever-like spirochaetes
infected 3.5% of questing I. ricinus. These spirochaetes differed genetically from
American and Asian analogues and their public health importance is still
unknown.

Lyme disease

Lyme borreliosis (LB) or Lyme disease (LD) is the most commonly reported
tick-borne infection in Europe and North America and, indeed, the most com-
monly reported vector-borne disease in these regions. The disease is a multi-
system disorder, which can affect a complex range of tissues including the skin,
heart, nervous system, and to a lesser extent the eyes, kidneys and liver. As
will be seen, the incidence of the disease is clearly increasing in many parts of
Europe.

The first record of a clinical condition associated with this infection was
recorded in Breslau, Germany in 1883, where a physician named Alfred Buchwald
described a degenerative skin disorder now known as acrodermatitis chronica
atrophicans (ACA). In a 1909 meeting of the Swedish Society of Dermatology,
a Swedish physician, Arvid Afzelius, presented his research on an expanding,
ring-like lesion he had observed though he only published his observations 12
years later (Afzelius, 1921); Afzelius speculated that the rash came from the
bite of an Ixodes tick. The condition known as erythema chronicum migrans, or
more commonly, erythema migrans (EM), occurred widely in Europe and was
often found associated in Ixodes ricinus though the causative agent remained
unknown.

In 1972 an outbreak of a disease occurred in the town of Lyme, Connecti-
cut, USA as an epidemic form of arthritis; Steere et al. (1977) described the
infection, observed that ‘Lyme arthritis’ was a previously unrecognized clini-
cal entity, whose epidemiology suggested transmission by an arthropod vector,
possibly ticks (Steere et al., 1978a), specifically by the blacklegged or deer tick
Ixodes scapularis (Steere et al., 1978b). Burgdorfer (1982) later determined that a
spirochaete was the causative agent of EM and it was given the name Borrelia
burgdorferi. Lyme disease in the USA has now spread throughout almost all of
the country.

To date Borrelia burgdorferi can be divided into at least 10 to 12 species:
B. burgdorferi sensu stricto, present in Europe and in the USA but absent
from Asia; B. garinii, B. afzelii, the genospecies B. valaisiana and B. lusitaniae in
Eurasia; B. japonica, B. tanukii and B. turdae restricted to Japan; and B. ander-
sonii and B. bissettii in the USA. Other tick-transmitted Borrelia have been iden-
tified in the USA (B. lonestari), and in Japan and Sweden B. miyamotoi has been
identified.
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Of the different species, only Borrelia burgdorferi s. str., B. garinii and B. afzelii
are undoubtedly involved in clinical cases of LD. There is evidence resulting from
isolations made from patients and PCR and serological data, that the division
of B. burgdorferi s. 1. into genospecies has clinical relevance. Thus, B. burgdor-
feri s. str. is most often associated with arthritis, particularly in North America
where it is the only known cause of LD, B. garinii is associated with neurological
symptoms and B. afzelii with the chronic skin condition, acrodermatitis chronica
atrophicans (ACA). Overlap between species in relation to clinical manifestations
occurs and all cause the symptom erythema migrans, though there is evidence
in Europe that this sign occurs more frequently in B. afzelii infections than in
those caused by B. garinii. B. valaisiana has so far only been associated with ery-
thema migrans. The least information is available for B. bissettii, a species mostly
encountered in California. Rare cases of human disease due to it have been
reported in Europe.

In Europe the Borrelia burgdorferi s. 1. complex is represented by five distinct
genospecies: B. burgdorferi s. str., B. afzelii, B. garinii, B. valaisiana and B. lusitaniae.
These taxonomic entities differ in their associations with vertebrate hosts and in
provoking distinct clinical manifestations in human patients (Derdakova et al.,
2003). In a small proportion of untreated cases serious sequelae may occur, but
LD alone does not cause death.

DNA has been amplified from ticks which have been stored under museum
conditions for nearly a century. Spirochaetal DNA was detected by PCR in six
ticks; the oldest was collected in 1884. Borrelia garinii, which predominates in
modern ticks in the region in Germany, infected three of these older ticks,
and the presently infrequent B. burgdotferi s. str. infected two ticks. These data
indicate that residents of Europe have been exposed to diverse LD spirochaetes at
least since 1884, concurrent with the oldest record of apparent human infection
(Matuschka et al., 1996).

Many mammal species have been found to be reservoir hosts of LB. The major-
ity of these are rodents, the most important probably being field mice (Apodemus
species), voles (Clethrionymus species) and squirrels (Sciuris species). Ungulates are
involved in the epidemiology of borreliosis as maintenance hosts for the ticks.
Among birds, pheasants (Phasianus colchicus) and blackbirds (Turdus merula) are
reservoir-competent and infect ticks with B. garinii, and in the case of black-
birds, with B. valaisiana as well.

The incidence of Lyme disease in Europe

As only a few countries have made LD a compulsorily notifiable disease,
case rates provide only an approximate estimation of the incidence in Europe.
In most countries reporting is mainly from diagnostic laboratories reporting
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Table 12.3 Estimated Lyme borreliosis annual incidence in selected
European countries

Incidence per 100 000

Country population Annual number of cases
UK* 0.3 200
Ireland 0.6 30
France 16.0 7200
Germany 25.0 20000 (++)
Switzerland* 30.4 2000
Czech 39.0 3500
Republic*

Bulgaria 55.0 3500
Sweden (south) 69.0 7120
Slovenia 120.0 2000
Austria 130.0 14 000

*No published figures available. (Based on Report of WHO workshop on Lyme
Borreliosis Diagnosis and Surveillance, Warsaw, Poland, 20-22 June, 1995,
WHO|CDS|VPH/95. (1996) 141-1.)

patients with positive tests results. Human seroprevalence studies probably
represent the best method of obtaining epidemiological data throughout
Europe.

Data presented at a WHO workshop show that there is a gradient of increasing
incidence from west to east with the highest incidences in central-eastern Europe
(Table 12.3).

Although the clinical entity erythema migrans was known in Europe since
the early part of the twentieth century, the incidence of infection appears to
have been relatively stable during most of the century. In the last decades, the
incidence of the disease has been increasing in most of its endemic areas. Koren-
berg (1998) contends that the observed increase is due to improved diagnosis, but
it is generally believed that the increase is a real one. Barbour (1998) noted that
LB infections were more often acquired in suburban residential and recreational
areas and consequently the rise in cases of LD and the other Ixodes tick-borne
infections is, in part, the consequence of reforestation and increased deer popu-
lations in developed countries. Human recreational activities are expanding in
these same areas increasing the chance of being bitten by tick vectors. George
& Chastel (2002) found that the number of persons suffering from tick-borne
diseases has notably increased in the French region of Lorraine since the mid
1990s and that greater awareness of the pathology is insufficient to explain the
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increase; proliferation of ticks is a major factor in the increased incidence and
is mainly due to a modification of the ecosystem.

The human impact on the environment has increased both the habitat suit-
able for ticks and their wildlife hosts, allowing tick populations to multiply. This
probably accounts for a real emergence of LD in both the USA and Europe. The
following section details information for some European countries with a high
incidence of LD.

Austria

Tick densities are high in Austria and the incidence of LD disease is the
highest in Europe, around 120/100 000 population with about 14 000 new cases
reported per year. The IgG seroprevalence of healthy blood donors in Graz/Styria
was 13% (Aberer et al., 1999). The prevalence of antibodies to Borrelia burgdorferi
is generally higher in TBE-endemic areas (7.7%) as compared to TBE non-endemic
areas (3.8%). There was a significant increase in positive antibodies against B.
burgdorferi with age, exposure and the number of tick bites remembered by test
persons (Pierer et al., 1993). The distribution of cases peaks in July and August
but clinical cases are seen throughout the year. The infection is endemic in all
Austrian states.

In 1997, 1163 Ixodes ricinus were collected in three different regions (15 local-
ities) in Styria and examined for spirochaetes. The mean infection rate was
20.8%. Among 310 adults, 24.2% were positive and among 853 nymphs, 19.6%
were positive. All 15 collection areas harboured infected nymphs with a posi-
tivity rate ranging from 5.8% (3/52) to 32.1% (18/56). Species identification by
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
analysis revealed 16 strains of B. garinii, 10 B. afzelii and 2 B. burgdorferi s. str. One
isolate showed a mixed population of B. garinii and B. afzelii. In collection areas,
all three Borrelia species were present in the tick population (Stunzner et al.,
1998).

Because of the importance of rodents in the epidemiology of Lyme disease,
Khanakahg et al. (2003) studied the prevalence of Borrelia species in rodents in
Lower Austria. They found that heart specimens of 226 animals were Borrelia
PCR positive (24%) and of the rodent species the yellow-necked mouse, Apodemus
flavicollis (43%), and the bank vole, Clethrionomys glareolus (38%) were positive.
Borrelia afzelii was most frequently identified, followed by B. burgdorferi s. s. and
by mixed infection of B. afzelii and B. burgdorferi s. str. Borrelia garinii was detected
only once in the common vole, Microtus arvalis.

Belgium
Lyme disease is widely endemic in Belgium. The incidence ranges from
low near the coast to medium in the central part of the country and high
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in the wooded southeastern part of the country, with an overall incidence of
14.1/100 000. The disease is reportable and there is a rising trend in its incidence;
in 1991, 137 cases were reported, and there were 1442 cases in 2000 and 795 in
2001.

There is an ongoing study in Belgium carried out through the general practi-
tioner network (163 practices) which aims at estimating the number of consul-
tations for tick bites and the incidence of LD in Belgium; 18/10 000 inhabitants
consulted for a tick bite in 2003, and EM has been observed in 7.8/10 000 and a
clinically diagnosed LD has been reported in 12.4/10 000.

In addition to infections caused by Borrelia burgdorferi, at least two separate
genospecies have been described in Belgium. A relationship between infection
by strains belonging to different genospecies and clinical outcome is suspected.
Anthonissen et al. (1994) described 9 cases of Lyme arthritis attributed to infec-
tion by B. burgdorferi s. str., 18 cases of neuroborreliosis attributed to B. garinii
and 1 case of ACA attributed to a strain of B. afzelii. Where B. garinii is the infect-
ing agent, half of the reported cases of LD in the country have neurological
manifestations (Machurot et al., 2001).

A total of 489 ticks, collected in four locations of an endemic region of south-
ern Belgium, were examined for the presence of the spirochaete; 23% of the ticks
were found to be infected. Borrelia garinii was most prevalent (53% of infected
ticks), followed by B. burgdorferi s. str. (38%) and B. afzelii (9%). Of the infected ticks,
40% were infected with a single species, 40% were infected with two species, and
5% were infected with all three species. For 15% of the ticks, the infecting species
could not be identified (Misonne et al., 1998).

Bulgaria
Although the reporting of cases of Lyme disease is not mandatory, about
500 cases are reported annually to the authorities.

Borrelia burgdorferi was first isolated in Bulgaria from adult and nymphs of
Ixodes ricinus collected in a park in the centre of Sofia; some 18% of the ticks were
infected (Tomov et al., 1994). The finding of infected ticks in parks in urban areas
has been reported from several cities in Europe and illustrates the urbanization
of both the vector tick and the infective agent.

Angelov et al. (1990) carried out a serological survey of 467 at-risk individuals
in Bulgaria and made observations on 134 patients with LD. Erythema migrans
was the only disease symptom in most patients; 76.9% of the patients were from
the city and had probably contracted the infection from ticks on visits to their
dachas (holiday villas). In a group of animal farmers 15.4% had specific antibodies
as did 17.8% of forestry workers. In wild and domestic animals and ticks in the
LD-endemic area of the country, antibodies were found in 44.5% of sheep, 58% of
goats, 74.5% of dogs and 31.6% of rodents. Of the Ixodes ricinus examined, 35.6%
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of adults, 7.5% of nymphs and 0.6% of larvae captured from various biotopes and
17.5% of adults taken from deer and other wild animals were positive for Borrelia
burgdorferi (Angelov et al., 1993).

Christova & Komitova (2004) studied LB in Bulgarian patients analysing the
clinical data and epidemiological characteristics of 1257 LD patients between
1999 and 2002. The most affected age group was 5-9 years, followed by 45-49
years, 50-54 years and 10-14 years. Most patients (68%) lived in a rural area
or were bitten by ticks during activities in a rural area. Lyme borreliosis cases
occurred throughout the year with two peaks - one in June and a second smaller
one in September. The most common clinical manifestation was EM in 868
(69.1%) of the patients. Neuroborreliosis was the second most common presen-
tation of LD, diagnosed in 19% of the patients. Lyme arthritis was found in 8%.
Heart and ocular manifestations were noted in 1.1% and 0.9% of the patients,
respectively.

The regions of Veliko, Tarnoyo and Burgas were surveyed in 1989-1990. In
the Veliko region 31.5% of 215 engorged ticks of five species and 18.5% of 205
unfed ticks of four species were positive for Borrelia. Further, 34.2% of engorged
and 21.6% of unfed Ixodes ricinus (79.2% of the total ticks taken) were positive for
Borrelia as were a few unfed Rhipicephalus bursa (16.7%). In the Burgas region 6.2%
of 193 engorged ticks of nine species and 4.5% of 285 unfed ticks of six species
were positive. The dominant species was R. sanguineus of which 6.7% of fed and
4.5% of unfed were positive. Only a few fed L ricinus were positive in this area
(Georgieva et al., 1993).

Both Dermacentor marginatus and Hyalomma punctata were found infected with
Borrelia burgdorferi in an area of low endemicity of LB and may be secondary
vectors (Angelov et al., 1996).

Croatia
Croatia has the highest seroprevalence of LB in southern Europe
(Santino et al., 1997); the first case in Croatia was described in 1986. Compul-
sory reporting began in 1991. An annual average of some 150 cases, varying
from 93 (1992) up to 335 (1996) has been reported. About 92% of the cases occur
between May and August. Lyme disease occurs mostly inland and only sporadi-
cally on the Adriatic coast (Borcic et al., 1999) and generally does not occur in
southern Croatia; it has been only sporadically reported in the area south of
Zadar. During the period 1989-91, 1529 cases of LD were reported. Erythema
migrans was seen in 91% of the patients and other clinical symptoms in only
8.5%. Clinical manifestations vary, depending on the type of Borrelia involved.
A study of antibody prevalence in the endemic region in northeast Croatia
comprised 265 subjects: 97 living in the rural region, 51 forest rangers working



Tick-borne diseases of Europe

in the region and 117 members of the army who spent a certain period of time
in the region. Positive titres of specific antibodies were found in 11.3% of the
local inhabitants, 25.5% of forest rangers and 6% of the soldiers (Zivanovic et al.,
1991).

In a study of the prevalence of antibody to Borrelia burgdorferi in Croatia in
various population groups, 263 individuals were examined: 93 healthy subjects
(travellers); 100 controls separated into two subgroups, 50 from a high-risk zone
(endemic) and 50 from a low-risk zone (non-endemic); and 70 members of a high-
risk population (forestry workers). IgG antibodies were detected in 9/93 (9.7%) of
the general population; 22/50 (44.0%) in the control group from the high-risk
zone and 4/50 (8.0%) from the low-risk zone; and 30/70 (42.9%) among forestry
workers, a group which appears to be at high risk to B. burgdorferi infection
throughout Europe (Burek et al., 1992).

Rijpkema et al. (1996) investigated Borrelia burgdorferi s. 1. in Ixodes ricinus col-
lected in a LB-endemic region of northern Croatia. Ticks were collected at five
locations and analysed by PCR. B. burgdorferi s. 1. DNA was detected in 56 out of
124 ticks (45%). Four genomic groups were identified: B. afzelii (n = 26), B. garinii
(n = 5), group VS116 (n = 5) and B. burgdorferi s. str. (n = 1). Mixed infections of
B. afzelii with group VS116 (n = 10) and B. afzelii with B. burgdorferi s. str. (n =
1) were also detected. Eight ticks contained B. burgdorferi s. 1., which could not
be typed.

Czech Republic

The presence of LB in what is now the Czech Republic was confirmed
in the mid 1980s; Jirous (1987) presented evidence that the newly found agent
was very common in the country.

In 1988 Pokorny (1990) collected nearly 3000 Ixodes ricinus from Prague. Infec-
tion rates with B. burgdorferi varied from 1.9% to 22.0%. Positive ticks were found
virtually in the centre of the city showing a risk of urban transmission. In a later
survey in Prague, Basta et al. (1999) again studied B. burgdotferi s. 1. and its indi-
vidual genospecies in an urban park; the incidence of B. burgdorferi s. 1. was 9.2%
in 1995, 3.4% in 1996, 4.5% in 1997 and 2.8% in 1998. The B. garinii to B. afzelii
ratio was 1.4:1 and it did not differ significantly throughout the study period.
Borrelia burgdorferi s. str. was not detected. Borrelia garinii/B. afzelii co-infection
was found in 5.7% of positive ticks. Among some 1000 I. ricinus collected in 13
localities in the city of Brno, infection rates varied between 0.9-18.6% (Pokorny
& Zahradkova, 1990). Zeman et al. (1990) analysed the co-infection of TBE and LB
in the Central Bohemian region based on clinical cases; a divergence was seen in
the dispersion patterns of the diseases. Whilst TBE infections occurred in a few
limited areas and its clinical cases tended to aggregate into well-defined clusters,
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LD cases were scattered more or less randomly over nearly all the region with-
out forming such marked clusters and had little topographical correlation with
TBE. Between 1988-1989, 529 cases of LD were reported in the West Bohemian
region; 342 (64.6%) patients reported contact with a tick (Pazdiora et al., 1991).

Hubalek et al. (2003) monitored host-seeking Ixodes ricinus for borreliae in
South Moravia each May from 1991-2001(150 nymphs, 100 females and 100 males
each year). The mean annual percentage of infected ticks was 16.8% in nymphs,
24.9% in females and 26.1% in males. Annual incidence of LD in humans of
the area in the same period (range, 8.7-41.7 per 100000) correlated with the
frequency of nymphs infected with >50 borreliae. The infection rate in I. ricinus
correlated significantly with the North Atlantic Oscillation winter index of the
last year (in nymphs) or of the year before last (in adults).

In 2000-2001, Drevova et al. (2003) made a study of the knowledge of young
people about ticks and tick-borne diseases. Of 2763 respondents from 6 -26 years
of age, more than 98% knew about the existence of ticks and almost 93% of
children and 97% of adolescents knew that ticks feed on blood. The majority
aged 10-26 years was convinced that ticks live on vegetation, and 23% supposed
that ticks jump on humans from trees. On the other hand, 93.5% of youths knew
that ticks transmit LB. The main sources of information about LD for students
and pupils older than 10 years of age are television and radio (41%) and the
press (38%). The frequency of contact of young people with ticks is high - 90%
of children younger than 12 years, and 94% of youths from 10-26 years of age
had at least once had an attached tick. Fifty-six per cent of youths older than
10 years use oil to remove an attached tick. Almost 24% remove ticks with bare
hands although even children younger than 12 years of age knew that it was
incorrect.

As infections by different Borrelia species may result in different clinical man-
ifestations, determining the species present in a given area is essential to an
understanding of the epidemiology of the infection. During the years 1996-
2000, a total of 2398 I. ricinus were collected in three areas of southern Moravia
and eastern Bohemia and examined for the spirochaetes. The prevalence of
B. burgdorferi s. 1. in L ricinus rose from year to year. In 1996, prevalence was
6.8% and during 1997 and 1998, it increased to 8.4% and 12.3%, respectively. The
lowest prevalence was in 1999 (3.6%), and in 2000 it increased to 4.0%. The mean
rate of infection was 6.5%, and the proportions of infected ticks were 12.2% in
263 male ticks, 8.3% in 289 female ticks, 6.0% in 1621 nymphs and 1.3% in 225
larvae. From 156 highly infected ticks (>100 spirochaetes per sample), 13 isolates
were obtained. Ten isolates were B. afzelii, and the other three were B. garinii.
The results indicate the epidemiological importance of B. afzelii and B. garinii in
central Europe (Janouskovcova et al., 2004).
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Demark

The WHO (1990) reported that the number of cases of LD in Denmark
has been increasing; 9054 suspected cases were investigated in the laboratory
in 1988, 462 of which were antibody-positive. The incidence of LD is estimated
at 15-25 cases/1 million per year. A total of 2647 I. ricinus were collected from
vegetation in 31 sites in eastern Jutland; 317 ticks (202 nymphs and 115 adults)
from three sites were examined for B. burgdorferi; frequency of infection varied
from 7-22% (Landbo & Flong, 1992). A survey in deer populations found antibod-
ies in 52% of roe deer (Capreolus capreolus), 38% of fallow deer (Dama dama) and
27% of red deer (Cervus elaphus). The high antibody prevalence indicates that deer
are exposed to tick-borne B. burgdorferi throughout Denmark (Webster & Frand-
sen, 1994). Six rodent species from six localities were examined for antibodies to
B. burgdorferi. A total of 1097 specimens were tested. Wood mice (Apodemus sylvati-
cus) and yellow-necked mice (A. flavicollis) had high prevalences of B. burgdorferi
antibodies of 42.1% and 27.9% respectively, but short-tailed voles (Microtus agrestis)
also showed an exceptionally high prevalence of 32.7%. Bank voles (Clethrionomys
glareolus) had a low average prevalence of 17.4%. The lowest and highest preva-
lences of rodents seropositive for B. burgdorferi were 6.5% and 100% for the har-
vest mouse (Micromys minutus) and the house mouse (Mus musculus) respectively
(Frandsen et al., 1995).

Lyme neuroborreliosis has become a clinical condition of some importance
in Denmark and has become one of the most frequent causes of neuroinfections
(Hansen, 1994).

Jensen & Frandsen (2000) found that the prevalence of B. burgdorferi s. 1. in
I ricinus nymphs in Denmark was approximately 5%. The mean abundance of
infected nymphs varied from 0.3 to 4.4 per 100 m? according to site. The seasonal
occurrence of infected nymphs in a beech forest coincided with seasonal distri-
bution of neuroborreliosis cases. They suggested that high temperatures and low
precipitation in the autumn is essential for transmission of B. burgdorferi s. 1. to
reservoir hosts or its development within ticks, ensuring high tick infectivity
the following season.

France
The incidence of LD in France is not well known but is estimated by
the Pasteur Institute in Paris to be in the order of 5000 to 10 000 cases per year.
Borrelia-infected ticks are found throughout the country with the exception of
a small area along the Mediterranean.
The first isolation of B. burgdorferi in France was reported in 1987 (Vieyres
et al., 1987). In a survey of 210 dogs in the Central Pyrenees region with a history
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of tick bites, 108 or 54.4% were found to be positive for borreliosis (Euzeby &
Raffi, 1988).

Christian et al. (1996) estimated that there was a high incidence of LD in the
region of Berry Sud and that the national incidence was 16.5/100 000. Farmers
are mainly at risk of EM, which has been observed in 49% of the cases of LD
seen and has a possible important economic consideration due to work loss.

A 3-year prospective study included all patients seen for suspected LD at the
Strasbourg University Hospital; 132 patients, mean age 54 years, were determined
to have LD. Within this study group, 77% of the patients were regularly exposed
to tick bites and 64% could remember having been bitten by one. Erythema
migrans (EM) occurred in 60% of the patients and was the only sign of LD in
40%. Nervous system involvement, the second most common clinical manifes-
tation, was found in 40% of the patients and was the only sign of LD in 22%.
Musculoskeletal involvement was present in 26% of the patients and was an iso-
lated finding in 14%. The authors concluded that the clinical expression of LD
in northeastern France is similar to other European countries but differs from
that in North America (Lipsker et al., 2001).

Ferté et al. (1994) reported the first isolation in France of B. afzelii from
I. ricinus collected in the Marne Region. In the spring of 1994, Pichon et al. (1995)
collected 249 unfed nymphs from vegetation in Rambouillet Park near Paris.
Thirty of the nymphs were positive for B. burgdorferi, 19 nymphs were infected
by a single species of Borrelia, 4 by B. garinii, 15 by B. afzelii and 6 by more than
one species, 2 by both B. burgdorferi s. str. and B. garinii, 3 by B. garinii and B. afzelii
and 1 by B. burgdorferi and B. afzelii. Co-infections could be due to a larval meal
on a host mouse infected with more than one species of Bortelia or a successive
interrupted meal or by mixed transovarial transmission. In a survey of adult and
nymphs of . ricinus in Rambouillet Park and the Fontainebleau forest, the infec-
tion rates of nymphs, males and females were 12.4% (314), 2.8% (35) and 2.9%
(34) respectively. Isolates from the two forests were identified as B. burgdorferi in
Rambouillet and B. garinii in Fontainebleau (Zhioua et al., 1996). To determine
the periods and areas of greatest risk for humans in Rambouillet Forest, a survey
from September 1994 to October 1995 found significant variation in nymphal
tick abundance between different zones in the Park according to the density of
cervid populations. PCR was used to detect DNA of B. burgdorferi s. 1. in 461 unfed
nymphs. DNA was detected in 38 nymphs (8.2%). By genospecific PCR based on
the OspA gene, three pathogenic spirochaetes were detected with occurrences
of 10.3, 31.1 and 58.6 for B. burgdorferi s. str., B. garinii and B. afzelii, respectively,
indicating that B. afzelii is probably the main Borrelia species in Rambouillet For-
est. Finally, 11.5% of positive nymphs had a double infection. Nymphal infection
rates were not significantly different between zones with a high density of deer
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(more than 100 animals per 100 ha) and zones with lower deer density (less than
20 animals per 100 ha). In addition to the role of deer as an amplifier of tick
populations, these data indicate that zones with a high density of cervids are
high-risk areas (Pichon et al., 1999).

Gilot et al. (1996) examined 4673 Ixodes ricinus from several regions for Borre-
lia burgdorferi to obtain a comprehensive view of the spatial risk linked to the
distribution of the species in France. Percentages of infection in the ticks were
4.95% in 3247 nymphs, 11.2% in 699 males and 12.5% in 727 females. Practically
all the tested tick pools were positive. The percentage of tick samples absolutely
free of Borrelia, wherever they came from, was very low (not exceeding 10% of
the sampled forests). The study confirmed the widespread distribution of LB in
France.

Fournier et al. (1998) studied relationships between the phyto-ecological char-
acteristics of grazing pastures being infested by I. ricinus and, hence, the risk of
transmission of Borrelia. Some 128 pastures in 20 dairy farms in western France
were observed from April to July 1994. The average infestation rate was 40.2%.
Types of pastures were significantly related to infestation rates, making it poss-
ible to provide a predictive value in risk assessment. Tick infestation rates were
high (96% on average) in two types of pastures characterized by their proximity
to woods, and low (13%) in two other types characterized by seeded grass species
at some distance from woods, and intermediate (39% on average) in the last two
types.

Many cases of LD have been reported in the region of Lyon. Quessada et al.
(2003) investigated the identification and prevalence of Borrelia burgdorferi s. 1. in
Ixodes ricinus in the surroundings of Lyon between October 1994 and September
1995 and in June 1998. The overall prevalence of B. burgdorferi s. 1. was 13.2%
(91/688). No significant differences in prevalence were noted between different
stages and sex of the ixodids or between collection areas. The majority of infec-
tions were simple infections (82.4%; 75/91), mostly due to B. afzelii (41.4%); co-
infections (12.1%) were predominantly (54.5%) a combination of B. valaisiana and
B. garinii. No tick was infected with more than two borrelia species, nor was
B. lusitaniae identified. Borrelia valaisiana species was detected for the first time
in France. Thus the surroundings of Lyon are risk areas for contracting LD; no
particular clinical manifestations predominate due to the heterogeneous distri-
bution of Borrelia genospecies.

While the incidence of LD in France is not accurately known, the estimate
that there are between 5000 and 10 000 cases annually and the widespread pres-
ence of Borrelia in tick populations indicate that the infection is of public health
importance in the country. Improved surveillance would provide better informa-
tion of the areas of risk.
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Germany

The annual number of cases of LD in Germany has been estimated as
between 20 000 and 60 000 (Wagner, 1999). Borrelia-specific antibody is said to be
detectable in some 7% of German residents. This extraordinarily high frequency
of LD may be related to the large number of Germans living in forested areas
or who frequent forests for recreational purposes. LD is not a notifiable disease
in Germany, but six of Germany’s 16 states — Berlin, Brandenburg, Mecklenburg-
Vorpommern, Sachsen, Sachsen-Anhalt and Thiiringen, have enhanced notifica-
tion systems, which do include Lyme borreliosis.

The first record of a condition now associated with Lyme disease dates back to
1883 in Breslau, Germany, where a physician named Alfred Buchwald described
a degenerative skin disorder now known as acrodermatitis chronica atrophicans
(ACA). The meningopolyneuritis first described in 1922 by Garin and Bujadoux
develops after a tick bite. In some of the cases, erythema migrans (EM) develops
first. The first clinical description of LD and the importance of its association
with tick bite was by Ackermann (1976). Ackermann et al. (1984) recovered 19
isolates of a spirochaete from I. ricinus ticks from endemic locations of EM in
North Rhine-Westphalia; the infection rate was 16%. The sera of 90 patients with
EM from this area showed antibody titres, which correlated with the clinical
course. Similarly, antibodies were demonstrated in the sera of 21 patients with
ACA. The results suggested to the authors an aetiologic role for the I ricinus
spirochaete in European EM disease.

It was apparent that the infectious agent causing EM was widely distributed
in Germany. Schmidt et al. (1987) found that during a period of 19 months,
serological and clinical investigation of 2955 patients rendered 1106 cases of
infection with widespread incidence: of the 328 administration districts of Ger-
many, 205 were affected. Antibodies against B. burgdorferi were demonstrated
in an average of 15.7% of the rural population (2830 persons). Typical clinical
signs were encountered in 817 of 1106 infected persons with a broad spectrum
of symptoms.

After the realization that EM and other clinical symptoms were associ-
ated with tick-borne infection, increasing attention was given to determin-
ing the distribution and rates of infection with B. burgdorferi to ascertain the
degree of risk of LD in different regions. In southern Germany, among 2403
I ricinus tested in 1985 for Borrelia, 328 (13.6%) were infected (adults about
20%, nymphs about 10%, larvae about 1%). The highest prevalence of infected
ticks was in the Isar region north of Munich (33.8%). Among 9383 persons
whose serum was examined in 1985 and 1986, 1035 (11%) had raised Borre-
lia antibodies greater than, or equal to, 1:64. In 18.7% only IgM antibodies
were demonstrated. Among 375 proven cases there were 78 with EM, 211 with
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neurological signs, 48 with Lyme arthritis and 36 with acrodermatitis (Wilske et
al., 1987).

Studies have been carried out in Germany to identify possible reservoir hosts
for LB in the country and to determine if I. ricinus feeds frequently on certain
species of rodents and if the abundance of these hosts corresponds to the sea-
sonal feeding activity of the tick. The most abundant rodents in the study sites
were yellow-necked field mice (Apodemus flavicollis), which predominated in a
wooded site, and bank voles (Clethrionomys glareolus), in brush or grass-covered
sites. Although A. flavicollis comprised only about a third of rodents collected,
nearly 60% of all L. ricinus fed on this mouse. These ticks were more abundant
on mice than voles in each of the study sites and throughout the year, and more
larvae fed on these rodents than did nymphs. These observations suggest A. flavi-
collis as an important reservoir host for I ricinus-borne infections (Matuschka
et al., 1990). In a survey on the presence of B. burgdorferi in domestic animals
in Berlin, 189 dogs, 29 cats, 224 horses and 194 cows were investigated; 5.8%
of the dogs and 24.5% of the cows investigated showed a positive reaction at
titres of 1:128 or higher. Horses and cats gave negative results. With an enzyme-
linked immunosorbent assay (ELISA), 10.1% of the dogs, 16.1% of the horses
and 66% of the local cows showed positive reactions showing domestic animal
contact with B. burgdorferi (Kasbohrer & Schonberg, 1990). Foxes are common
in Berlin; 15% of 100 red foxes (Vulpes vulpes) examined in the city had anti-
bodies to B. burgdorferi (Schoffel et al., 1991). Ticks may be so frequent in the
urban parks of European cities that all Norway rats (Rattus norvegicus) in the
parks are infested by larvae and nymphs of I. ricinus and all the rats are infected
by B. burgdorferi (Matuschka et al., 1997). Borrelia afzelii is well adapted to these
reservoir hosts and ticks detach in a manner that concentrates them in rodent
burrows.

Birds are frequently positive for B. burgdorferi. Kaiser et al. (2002) determined
the presence of B. burgdorferi s. 1. DNA in tick larvae feeding on birds at study sites
along the Rhine valley in SW Germany between August 1999 and March 2001. A
total of 987 I. ricinus larvae were collected from 225 birds of 20 species. Borrelia
DNA was analysed in the ticks and for the nightingale (Luscinia megarhynchos)
blood samples were taken. Borrelia DNA was detected in 6 out of 9 larval ticks
from the nightingale, in 1 out of 10 ticks from the dunnock, in 3 of 9 ticks
from the chiffchaff (Phylloscopus collybita), and in 2 out of 21 larval ticks from
reed warblers (Acrocephalus scirpaceus). Five out of nine ticks removed from robins
(Erithacus rubecula) in winter were Borrelia positive. Blood samples of nightingales
were positive in 71 of 138 birds (51%).

In the 1990s the presence in Germany of at least three genomic groups of
Borrelia burgdorferi (B. burgdorferi s. str., B. garinii and B. afzelii) were recognized.
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Borrelia burgdorferi s. 1., the agent of LB has a very considerable degree of hetero-
geneity in Europe.

Schaarschmidt et al. (2001) considered that the prevalence of different
genospecies of Borrelia burgdorferi s. 1. in infected ticks could be a determinant
for the risk of acquiring LB. They collected 373 ticks and 2761 samples from LD
patients in an area of southwest Germany, which were analysed to assess the
frequency of the occurrence of LB-associated genospecies. Fifteen per cent of the
tick samples and 19% of the human samples were positive for B. burgdorferi s.
1. Further identification of 1106 B. burgdorferi s. 1. positive tick samples revealed
the occurrence of B. afzelii, B. burgdorferi s. str., B. garinii and B. valaisiana. Both
single-species and mixed infections were noted and a similar distribution of the
different genospecies was found in ticks and human samples. The distribution of
the genospecies in ticks is the decisive factor for the occurrence of the different
Borrelia genospecies in samples from LD patients. Borrelia afzelii was the predom-
inant genospecies in all samples from the area. There seemed to be no asso-
ciation of particular Borrelia genospecies with distinct clinical manifestations
of LD.

In studies near Bonn, I. ricinus were collected in three areas and examined
for infection with B. burgdorferi s. 1. In 2001, 1754 ticks were collected; 374 ticks
were analysed for B. burgdorferi s. 1. by both an immunofluorescence assay IFA
and at least two different PCR tests and 171 ticks were analysed by PCR only.
By combining all assays, an average of 14% of the ticks tested positive for B.
burgdorferi s. 1.: 5.5%, 15.8% and 21.8% in the three collection areas. Of nymphs
and adults examined, 12.9% and 21.1% respectively were infected. Genotyping of
B. burgdorferi s. 1. revealed high relative prevalences of B. valaisiana in 43.1% of
infected ticks and B. garinii (32.3%), but B. afzelii (12.3%) and B. burgdotferi s. str.
(1.5%) were relatively rare. Borrelia burgdorferi s. 1. infection has increased since a
survey 15 years earlier due to unknown ecological changes, perhaps related to
climate change or wildlife management (Kampen et al., 2004).

Knowledge of the distribution of tick-borne agents and the risks of contract-
ing disease are essential to ensure an effective response and to decide the appro-
priateness of vaccination should it become available (Holbach & Oehme, 2002).
The prevalence of TBE-virus and B. burgdotferi in ticks was investigated and
the respective risk of contracting disease from a bite assessed in the town of
Lohr a. M. (Bavaria). A total of 1657 ticks obtained from five different biotopes
around Lohr were examined for tick-borne encephalitis virus, and 408 ticks for
B. burgdorferi. The risk of contracting illness was estimated on the basis of trans-
mission and manifestation rates, together with epidemiological data from the
region. The prevalence of TBE virus was 0.12% (95% CI: 0.05-0.44%) in the ticks
investigated. These are comparable with rates in four other regions rated as
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TBE-risk regions, but significantly lower than that in rated high-risk regions. Bor-
relia burgdorferi was detected in 14.9% (11.8-19.0%) of adult ticks, roughly twice
the prevalence found in nymphs (7.2%, range 4.6-11.7%). The risk of contracting
meningitis/encephalitis from a tick bite was calculated to be about 1:10 000,
and the risk for LD to be about 1:100, the latter requiring that the tick remains
attached for at least 2-3 days.

The prevalence of LB and LD in Germany is quite high and the incidence
of human cases is increasing. The presence of several genotypes of Borrelia and
the occurrence of multiple infections in ticks results in multiple infections in
humans. The reasons for the increasing incidence are uncertain but they may
be due to climate or ecological changes. Changes in the natural dynamics of
European tick-borne zoonoses appear to have occurred towards the end of the
twentieth century, largely brought about by human impact on the habitat and
wildlife hosts of ticks. Purely climatic factors may have played some part. At the
same time, raised awareness of ticks as vectors, and the intense interest in LB-In
Germany as elsewhere, have undoubtedly stimulated surveillance and protective
measures.

Italy

Erythema migrans (EM) was first described in Italy only in 1971 although
Italian dermatologists had been familiar with the symptom for a long time. In
1983, the first case of LD was identified. The first isolation of B. burgdorferi was
made from L ricinus in the Trieste area (Cinco et al., 1989). The endemic areas are
mainly the Liguria, Friuli-Venezia and Giulia regions, the areas bordering the
Alps and the region surrounding the city of Bologna. In Liguria, the incidence
of Lyme disease is about 17/100 000 inhabitants per year. The infection is also
found in Sicily at a low prevalence (Cimmino et al., 1992). The number of cases in
the country in the past is not known because Lyme disease was not a notifiable
disease in Italy until 1990, but, on the basis of literature data, at least 1324 cases
have been observed in the 14-year period 1983-1996; the infection is probably
underestimated.

In the Italian Alpine regions from 1987-1991, antibodies to B. burgdorferi were
found in 19% of the rangers and forestry workers, with lower values in farmers
(10%) and hunters (8%); most infections were asymptomatic (Nuti et al., 1993).
Cinco et al. (1993) took serum samples from all the forestry workers of the Friuli
Venezia Giulia region in the spring and autumn and tested for IgG antibodies of
B. burgdorferi. Seroprevalence was significantly higher in this population when
compared with the controls (18.5% vs. 13.3-14.5%) and increased in the 6-month
interval giving an incidence of 6.56. Only 6 individuals among the seropositives
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in the first serum sampling had LD symptoms and 8 new subjects developed
LD-related pathologies during the 6-month observation.

There is evidence that the incidence of infection is increasing in Italy. In
1996, Grazioli reported that in the province of Belluno, a mountainous area in
the Veneto region of Italy, 284 cases of Lyme disease had been seen in 1977-1993;
since that time 100 new cases have been reported.

The seroprevalence of B. burgdorferi in patients or atrisk subjects varies in
northern Italy from the lowest incidence in Lombardia (3.2%) to the highest in
Friuli (22.3%) and in Central Italy, from the lowest incidence in Emilia (Parma)
(0.2%) to the highest in Toscana (18.3%). The range of antibodies to B. burgdorferi
in blood donors or control subjects shows the lowest rates are in Lazio (1.5%),
while the highest are in Sicilia (10.9%) (Santino et al., 1997). It is often difficult
to draw valid comparisons as different serological methods are used to detect
B. burgdorferi. The overall findings in a survey in the Friuli Venezia Giulia (FVG)
region indicated that B. afzelii and B. garinii are the prevalent genospecies in the
area though strains of B. burgdorferi s. str. have been isolated (Cinco et al., 1995).
In forest workers the prevalence may be up to 27.2%.

A study on rates of infection of L. ricinus with B. burgdorferi s. 1. was carried
out in an endemic focus of LB in the Trieste area. A total of 227 ticks col-
lected in 10 different stations were tested individually for the presence of the
spirochaetes using PCR techniques able to identify both B. burgdorferi s. 1. and
the four genospecies (B. burgdorferi s. str., B. garinii, B. afzelii and group VS116
(B. valaisiana)). Multiple infections of individual ticks were found. Infection rates
ranged from 0-70%. Infection of I ricinus with B. burgdorferi group VS116 was
found for the first time in Italy in endemic foci of LD (Cinco et al., 1998).

No cases of LD had been reported in the Calabria region of southern Italy
where a study was carried out by Santino et al. (1996) on 300 patients. The
results showed a positivity rate of 7.3% with ELISA and 4.5% with Western Blot.
Lyme borreliosis was found to a degree of positivity second to that of Campania
(9.1%) and higher than Lombardy (3.2%) and Umbria (2.8%). Further surveys will
no doubt show other foci in Italy.

The Netherlands
All four genotypes of B. burgdotferi, i.e. B. burgdorferi s. str., B. afzelii, B.
garinii and B. valaisiana, have been found in the Netherlands. Santino et al. (1997)
reported that the incidence of antibodies to B. burgdorferi in patients or in atrisk
subjects in the Netherlands was 28%.
In 1989 a study was made of the rate of infection of B. burgdorferi in 1838
nymphs and adults of L. ricinus from 20 locations; of the pooled ticks, 63 isolates
were identified as B. burgdorferi. In nymphs the minimal infection rate was 2.4%



Tick-borne diseases of Europe

and in adults it was 14.3%. In all locations examined I. ricinus was infected with
B. burgdorferi. Thus, the infection is widespread in ticks in the country and the
risk of acquiring LD by a tick bite is high (Nolmans et al., 1990).

As in other countries, forestry workers are a high-risk group for LD in the
Netherlands (Kuiper et al. 1991). Of 127 forestry workers tested by Western blot,
seven (6%) were classified as being a case of LD. In only one person had a clinical
diagnosis been made before the investigation. Five people had a history of EM,
1 of arthritis and 1 of persistent infection. The disease was often not diagnosed
among this high-risk group.

In a survey in April 1995, all general practitioners (GPs) in the Netherlands
were asked to complete a postal questionnaire on the number of tick bites
and EM case-patients they had seen in 1994 and the size of their practice.
The response rate was 79.9%. In 1994, GPs reported seeing approximately 33 000
patients with tick bites and 6500 with EM. The incidence rate of EM was esti-
mated at 4.3/10 000 population. Ecological risk factors for both tick bites and EM
were the proportion of the area covered by woods, sandy soil, dry uncultivated
land, the number of tourist-nights per inhabitant and sheep population density
(de Mik et al., 1997).

In a second postal survey in April 2002, all GPs were asked to complete a short
questionnaire on the number of cases of tick bites and EM seen in 2001 and the
results were compared with the results of the 1995 study. The response of the
GPs was 64.5% (4730/7330). Altogether, GPs reported seeing approximately 61 000
patients in 2001 with tick bites and 12 000 patients with EM. The incidence
of EM was estimated at 73/100 000 inhabitants. There were obvious risk areas.
At the municipal level, tick bites and EM were positively associated with the
area covered by forest, sandy soil, the number of roe deer (Capreolus capreolus)
and tourism. There was a negative association with the degree of urbanization.
Increases in tourism in areas with many ticks, new forests in urban regions and
an increased number of horses were positively associated with increase in tick
bites and EM since 1994. The number of patients with tick bites and EM seen by
GPs has doubled between 1994 and 2001. This increase may be due to changes
in ecological risk factors or human behaviour (Boon et al., 2004). Thus, LD is a
growing problem in the Netherlands.

Poland

There has been a rapid increase in LD in Poland since 1992; the infection
is widely endemic with high percentages of ticks infected with Borrelia burgdorferi
in surveyed areas of the country. Borrelia burgdorferi was first isolated from Ixodes
ricinus in 1994 in Olsztyn province (Dabrowski et al., 1994). All four genotypes
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are present (Sinski and Rijpkema, 1997). In 1996-2000, 4933 of borreliosis cases
were registered in Poland (Pancewicz et al., 2001).

In the Gdansk region in 1993-1995, the incidence of diagnosed cases of LD
has increased markedly; 1993 with 38 cases, 1994 with 50 cases and 96 cases in
1995 (Ellert Zygadlowska et al., 1996). Infection is often related to occupation;
in a study in the Lublin city region in the mid 1990s of 836 forestry workers
and 56 farmers, there was a 26% positive response among the forestry workers
and 11% among farmers; by ELISA 38.6% of the forestry workers and 28% of the
farmers were positive (Chmielewska Badora, 1998). A study in Szczecin Province
on antibody prevalence among foresters from four districts and a group of people
sporadically exposed to tick bite showed that the infection was not restricted to
forest areas but was present in some parts of Szczecin and in parks and gardens
in its suburbs (Niscigorska, 1999).

A clinical review carried out in northeastern Poland of data on 262 421 case
histories from 15 regional outpatient departments was retrospectively analysed
and 1235 cases of EM were found. The annual number of cases increased from
only a few, in the years 1969-1976, to over 436 in 1993 (Chodynicka & Flisiak,
1998). In Podlasie Province, LD incidence rose from 9.09% in 1996 to 32.2% in
2000, rising to 43.56% among forestry workers; morbidity increased with age
(Pancewicz et al., 2001).

In 1996-1998, 2285 Ixodes ricinus (1063 nymphs, 637 males, 585 females)
were collected from 25 different localities in the eight provinces and exam-
ined for Borellia burgdorferi by PCR and IFA. The overall infection rate in ticks
was 10.2%. The highest percentage of infected I. ricinus (37.5%) was in Katowice
province and the lowest (4.1%) in Bialystok province, thus B. burgdotferi s. 1. is
present throughout the distributional areas of I. ricinus in Poland (Stanczak et al.,
1999). In the West Pomeranian province PCR showed the dominant genospecies
to be B. burgdorferi s. str. (83.5% of ticks in 2000 and 87.7% in 2001), followed
by B. garinii (12% and 10.2% in 2000 and 2001, respectively). Borrelia afzelii was
detected in 4.4% of the ticks in 2000 and 2% in 2001. Co-infection with B. burgdor-
feri s. str. and B. garinii occurred in 3.4% in 2000 and 1.8% of ticks in 2001
(Bukowska, 2002).

Rodents are important reservoir hosts of LB in Poland as shown in a study
of bank voles (Clethrionomys glareolus), yellow-necked mice (Apodemus flavicollis)
and common voles (Microtus arvalis) from the Mazury Lakes district. Clethrionomys
glareolus had an exceptionally high prevalence of B. burgdorferi antibodies (58%)
and A. flavicollis and M. arvalis showed significant prevalence of 16.6% and 10.5%,
respectively (Pawelczyk & Sinski, 2000). In the same area 1254 birds of 42 species
were captured in a 3-year study period; overall, PCR positive results were obtained
in 4.2% of all blood samples from passerine birds (Gryczynska et al., 2004).
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Lyme disease represents one of the most serious problems of infectious occu-
pational diseases in Poland. It is also found among persons with only occasional
contact with ticks such as in city parks where a single tick bite may lead to LD.
The incidence of infections with LB is increasing in Poland.

Russia

There are at least 5000-7000 LD cases annually. Korenberg (1998) consid-
ered that with better diagnosis, the number of cases per year in Russia would be
10 000 to 12 000. In an unsigned article in Med. Parazitol. (2005 Apr-Jun;(2):40-42)
reviewing Lyme disease in Russia, the statement is made that ‘“The proportion of
Lyme borreliosis seropositive residents in Russia is 1-2 thousand times greater
than that of officially notified patients’. Whatever the actual incidence, the dis-
ease is very widespread and of major public health importance in the country.

The vectors are I. ricinus in the west of Russia and I. persulcatus in the east.
Infection rates are up to 30% in L. ricinus and up to 50-60% in I. persulcatus. Where
both LD and TBE coexist in the same area, the incidence of LD is generally much
higher. Cases of LD have been registered in 46 of 50 Russian regions inhabited
by L persulcatus and I. ricinus ticks.

The identity of EM with LD and the relation with B. burgdorferi were confirmed
in Russia by Dekonenko et al. (1988); by 1992 LB was recognized as being present
from the Baltic to the far east. The range of human LD in Russia coincides with
that of tick-borne encephalitis (TBE). Although the vectors are identical, there
are twice as many people who suffer from LD in Russia than TBE. Risk of infec-
tion in those having occupational contact with forest is greater than in other
workers; 94% of the reported cases occur in the Russian Republic (Korenberg,
1994). Clinical symptoms of LD in Russia are similar to those in western Europe.

Borrelia burgdotferi s. str., the classical causative agent of LD was first isolated
in Russia in 2000 from Ixodes ricinus. Borrelia garinii, B. afzelii, B. valaisiana and B.
lusitaniae had been found earlier (Gorelova et al., 2001).

Kovalevskii & Korenberg (1995) compared parasite loads in the two tick vectors
in the area of Leningrad (St. Petersburg) where the species are sympatric. The
average number of Borrelia in I. persulcatus and I ricinus were 34.7 and 23.3 per
100 microscopic fields respectively. The maximal values each year were several
hundred times the minimal values. Ticks carrying a relatively small number of
Borrelia predominated. Parameters were generally significantly higher in areas
with a predominance of I. persulcatus and therefore risk of infection with LB is
greater in I. persulcatus-dominant areas than where I. ricinus predominates.

As has been stated above, it is evident that LD is widespread in Russia. As
described earlier tick control programmes have ceased and little more can be
done against the infections than make efforts to educate the public on the
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hazards of tick bites. The actual annual incidence of LD in Russia is uncertain
but it is certainly an important public health problem.

Slovenia

Lyme disease has been notifiable in Slovenia since 1987. Borrelia infec-
tions have replaced tick-borne encephalitis as the most prevalent tick-borne ill-
ness. Three Borrelia species have been found in I ricinus ticks with some regions
showing >40% of examined ticks positive for spirochaetes. In 1993, 2267 new
cases were registered and in 1994, 2733 cases. The highest incidence was in the
centre of the country and erythema migrans (EM) was the most frequent man-
ifestation (Strle & Stantic Pavlinic, 1996). The incidence has been increasing. In
1997 155/100 000 cases were recorded and in some regions the incidence was
substantially higher. The disease affects both sexes (as a rule more often women
than men) and all age groups. The incidence is the highest in persons 30-50
years of age, followed by children aged 6-15 years.

The first isolation of B. burgdorferi s. 1. from Slovenian patients was made in
1988; the first isolation from ticks was in 1993. Thus far four Borrelia species
have been found by isolation to cause disease in humans: B. afzelii, B. garinii, B.
burgdorferi s. str. and B. bissettii. The majority of typed isolates belong to B. afzelii
(Strle, 1999).

Ruzic Sabljic et al. (2002) assessed the genotypic and phenotypic diversity
among clinical isolates of B. burgdorferi s. 1. from patients in Slovenia. Among 706
B. burgdorferi s. 1. human isolates, 599 (85%) were B. afzelii, 101 (14%) B. garinii and
6 (1%) B. burgdorferi s. str. Heterogeneity of Borrelia strains may play a significant
role in the virulence and pathogenesis of the infection.

Zore et al. (2003) studied ticks in bird populations in Slovenia; B. burgdorferi
s. 1. was isolated from 13 ticks. Borrelia valaisiana was isolated from seven ticks
from three black birds (Turdus merula). Borrelia valaisiana was also isolated from
the skin of one of those blackbirds. Borrelia afzelii was isolated from the skin and
from a tick of one hedge accentor or dunnock (Prunella modularis). Borrelia garinii
was isolated from five ticks collected from various bird species.

Spain and Portugal

Lyme disease was not usually diagnosed in Spanish patients before 1987
and was first diagnosed in Portugal in 1989. The estimated yearly number of
cases in Spain is about 500. The increasing number of LD cases in northern
Spain represents a public health problem; in a study of hospitalized patients
in Vizcaya, neurologic manifestations were most common (73%), followed by
erythema migrans (EM) (62%), arthralgias (38%) and arthritis (15%). Fifty-eight
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per cent of the patients recalled a tick bite and rural professional or recreational
activities were the main risk factors (Arteaga Perez & Garcia Monco, 1998).

Borrelia burgdorferi presence was determined in Ixodes ricinus collected in the
Basque Country of Spain; nine isolates of B. burgdorferi were obtained, belonging
to four genospecies (B. burgdorferi s. str., B. garinii, B. valaisiana and B. lusitaniae).
Among 1535 ticks examined, B. burgdorferi DNA was detected in a mean of 9.3%
and 1.5% of adults and nymphs, respectively and the authors concluded that the
frequency of the agent in ticks in the Basque country is increasing (Barral et
al., 2002). Borrelia burgdorferi s. 1., B. afzelii, B. garinii, B. valaisiana and B. lusitaniae
genotypes have also been isolated from questing ticks in the north of Spain
(Escudero et al., 2000).

Borrelia lusitaniae is the only genospecies of B. burgdorferi s. 1. isolated from
Ixodes ricinus in Portugal and Tunisia; this genospecies appears to be restricted to
the Mediterranean Basin. The first isolate of B. lusitaniae from a human patient
and the first human isolate of a Borrelia in Portugal were reported in 2004 (Col-
lares Pereira et al., 2004). Borrelia valaisiana has been isolated from a single human
sample in Portugal. Baptista et al. (2004) genotyped spirochaete isolates from 719
I ricinus from two different sites; five B. garinii, eight B. lusitaniae and one B.
valaisiana strain were found. The authors believed that these findings indicate
that B. burgdorferi s. 1. agents are differentially maintained in nature in local tick
populations in different geographic areas across Portugal and that the risk of
acquiring LD in certain areas of Portugal is higher than previously assumed.

The presence of LB in ticks on subtropical Madeira Island was surveyed.
Though spirochaetes infected <1% of the ticks sampled, the infections included
all three genospecies implicated in human disease and spirochaetal diversity is,
therefore, as great at the southern margin as it is in the centre of this pathogen’s
range (Matuschka et al., 1998).

Sweden
About 2000 cases of LD and 50-80 cases of TBE are estimated to occur
in Sweden annually. The incidence of LD reported in 1997 was 69/100 000.

A population of 903 people in five LB- and TBE-endemic areas close to Stock-
holm was studied with regard to clinical manifestations and antibody preva-
lence. The study areas involved four groups of islands in the Baltic Sea and one
island in Lake Malaren. A history of LB was reported by 1-21% of the participants
and antibodies to B. burgdorferi were found in 7-29% of the individuals from the
various areas. Also studied were 362 orienteers from the county of Stockholm;
a past history of LB was reported by 6% of the individuals and 9% of them were
seropositive. A past history of TBE was reported by 0.3% of the orienteers and
1% of the individuals were seropositive. A total of 3141 I. ricinus, 2740 adults and
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401 nymphs, were collected from different localities in 23 of the 25 provinces
in Sweden. The prevalence of Borrelia-infected ticks varied from 10-20% in the
southern and central parts of Sweden to about 5% in the north (Norrland). Only
I. ricinus was positive to Borrelia (Gustafson, 1994).

The first isolates of B. burgdorferi in Sweden were made from 13% of L ricinus
collected from an island near Stockholm where human borreliosis is endemic.
Borrelia burgdorferi was cultivated from wild rodents, bank voles (Clethrionomys
glareolus) and yellow-necked mice (Apodemus flavicollis) on the island (Hovmark et
al., 1988).

All the known human-pathogenic species (B. garinii, B. afzelii and B. burgdorferi
s. str.) and B. valaisiana found elsewhere in Europe are present in the Swedish tick
population; a B. miyamotoi-like Borrelia species seems to be present in I ricinus
ticks in Europe (Fraenkel et al., 2002).

Borrelia burgdorferi s. 1. is present throughout the distributional area of I. ricinus
in Sweden. On average, 10% of nymphs and 15% of adult I. ricinus are positive for
Borrelia (Gustafson et al., 1995).

Climate change may be having an effect on the distribution of I. ricinus and
the distribution and incidence of LD in Sweden. The findings of Lindgren et al.,
(2000) indicating a northward shift of the northern distribution limit of the
tick, have been referred to. With the extension of the range of the tick vector,
the incidence of LD, as well as TBE, may increase.

Switzerland

As early as 1969, Aeschlimann et al. (1969) included erythema migrans
among the possible tick-borne diseases in the country, observing that the con-
dition was quite common. Caflisch et al. (1984) reported three paediatric cases
of tick-borne meningoradiculitis noting that the disease is characterized by a
sequence of symptoms including EM. Some 20% of Ixodes ricinus collected in the
area of Lucerne were infected by spirochaetes, suggesting that the condition
was spirochaetal and tick-borne. Five Borrelia species have been identified in the
country: B. garinii, B. burgdorferi s. str., B. afzelii, B. valaisiana and B. lusitaniae (Jouda
et al., 2004).

The incidence of antibodies to LB among people at risk in Switzerland is
about 26%, which is among the highest in Europe (Santino et al., 1997). Risk
occurs primarily from May through October in wooded, forested areas below
1500 metres elevation in an area extending from Lake Geneva in the west to
Lake Bodensee in the northeast. Risk may be elevated on the northern Swiss
plateau. Starting in 1988, LD has been monitored and the yearly incidence is
between 1500 and 2000 cases. Asymptomatic infections are common.
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Satz & Knoblauch (1989) estimated that 5-35% of I ricinus in Switzerland
carry B. burgdorferi, that there is a high risk of transmission of this infectious
agent from any tick bite and 4-5% of affected subjects subsequently contract LB.
Ticks on rodents are heavily infected. In one study, about 14% of larvae and 50%
of nymphs collected on small mammals were infected; prevalence of infected
rodents ranged from 20-44% (Humair et al., 1993).

United Kingdom

Probably the first report of LD in the UK was that of a child in Hamp-
shire (Williams et al., 1986). Surveillance indicates that LD has increased in the
UK from 0.06/100 000 during 1986-1992 to 0.32/100 000 since 1996. Case reports
peak in the third quarter of each year. Lyme disease appears to be relatively rare
in the UK although B. burgdotferi s. 1. has been detected by PCR in many tick popu-
lations and in archived specimens collected over the last 100 years. Forty-five per
cent of reports are of cases in three contiguous counties in southern England:
Hampshire, Wiltshire and Dorset. This area includes foci of LB in and near the
New Forest and Salisbury Plain. Other counties with a relatively high number of
cases are Devon, Somerset and Norfolk. One hundred and eighteen (14.9%) of the
796 cases were reported to have been acquired abroad, mainly in the USA, France,
Germany, Austria and Scandinavia. Most of these cases occurred in tourists. Forty-
six (5.8%) cases were apparently acquired occupationally: 9 through deer hunt-
ing, 7 through forestry work, 3 through farm work, 1 through exposure during
tick ecology studies, and another through work as a veterinary surgeon. For the
others, occupational details were not reported. The proportion of LD patients
with a history of tick bites has risen steadily, from 24% in 1986-1992 and 32%
in 1993-1996 to 39% in 1997-1998 (Smith et al., 2000).

A study was made of the genetic diversity of Borellia burgdorferi s. 1. in south-
ern England in questing Ixodes ricinus; three genospecies of B. burgdorferi s. 1.
were detected, with the highest prevalences found for B. garinii and B. valaisiana.
Borrelia burgdorferi s. str. was rare (<1%) in all tick stages. Borrelia afzelii was not
detected in any of the samples. More than 50% of engorged nymphs collected
from pheasants (Phasianus colchicus) were infected with borreliae, mainly B. garinii
and/or B. valaisiana (Kurtenbach et al., 1998). Ixodes ricinus has been confirmed as
the vector for Lyme disease in the UK (Muhlemann and Wright, 1997).

Conclusions on the public health importance of Lyme disease in Europe

Lyme disease is the most important vector-borne disease in Europe and
a growing public health problem, possibly due to changing ecological condi-
tions which result in greater contacts of human populations with ticks. In the
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absence of a usable vaccine, control can only be through avoidance of tick bites
by personal protection measures.

Tick-borne rickettsial infections

The tick-borne rickettsial diseases in Europe include Boutonneuse spot-
ted fever, species of ehrlichiosis, rickettsial pox and Q fever.

Boutonneuse fever or Mediterranean spotted fever

Boutonneuse fever is also known as tick typhus and Mediterranean spot-
ted fever (MSF); the causative agent is Rickettsia conorii and the vector in Europe
is the brown dog tick (Rhipicephalus sanguineus) although other tick species are
occasionally infected. The infection is endemic through many parts of Africa and
Asia and in the Mediterranean area of Europe; in Africa the infection caused by
R. conorii has different clinical systems such as local adenopathy and multiple
eschars, but it is sometimes given as a separate species - R. africae. Patients usu-
ally present with fever, malaise, generalized maculopapulous rash and a typical
black spot or ‘Tache Noir’. Serious forms of the disease, including encephalitis
are infrequent but when they occur, may have a high mortality. Raoult et al.
(1986) studied 199 serologically confirmed cases and reported a mortality rate
of 2.5%. Brouqui et al. (1988) reviewed the status of boutonneuse fever in the
Mediterranean area and observed that more malignant forms were being found,
that dog populations were increasing and the incidence of the disease and its
distribution were also increasing.

Rickettsia conorii is widely endemic in southern Europe and most of the
countries bordering the Mediterranean including Bosnia-Herzegovina, Croatia,
Greece, France, Portugal, Slovenia, Spain and Turkey, and the countries border-
ing on the Black Sea as well as in Algeria, Morocco, Tunisia, Egypt and Israel
and has also been isolated from several species of bird ticks in Cyprus (Kaiser
et al., 1974).

While Rhipicephalus sanguineus is both the vector and reservoir host of R. conorii,
the role of the dog in the epidemiology of the agent is important as it serves as
the primary host for the tick. Rhipicephalus sanguineus will also feed on humans
and, if infected, can transmit the agent. Dogs taken to southern Europe may
return to northern countries infested with R. sanguineus; R. conorii has been
detected in dogs returning to Germany after travel to Italy or Greece (Gothe,
1999).

In the late 1970s, the Lazio, Liguria, Sicily and Sardinia regions of Italy regis-
tered a marked increase of boutonneuse fever; previously there had been about
30 cases a year reported. In 1979, 864 cases were notified, and the real incidence
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of the disease was thought to be much greater. Such an increase was not seen
elsewhere in the Mediterranean. Ecological changes affecting ticks may be the
reason for the increase. Bacellar et al. (1991) estimated that the annual number
of cases in Portugal was not far from a rather astonishing figure of 20 000 in
some years.

In Russia, an outbreak of MSF due to R. conorii occurred in the Crimea from
1947 to 1957. Only sporadic cases of the disease were then reported until 1995,
when the incidence of spotted fever increased in central Crimea, with 40 cases
in 1996 and more than 70 in 1997. Most cases occurred in the summer, when
the Rhipicephalus sanguineus nymphs were active. A survey showed that 8% of the
Rhipicephalus sanguineus contained R. conorii DNA, providing further evidence that
an outbreak of MSF had occurred in the region (Rydkina et al., 1999). This report
considerably extends the area in which the infection may be endemic.

The public health importance of MSF

It is estimated that the incidence of boutonneuse fever in the Mediter-
ranean region is some 50 cases/100 000 inhabitants per year. Asymptomatic cases
are common and are frequently detected during serological surveys. Within the
endemic areas, the incidence of R. conorii or MSF may vary considerably from one
area to another depending on the distribution and density of dog populations
and, consequently, of the dog tick vectors. The importance of MSF in Europe is
determined mainly through retrospective surveys of the prevalence of antibodies
in man and dogs in various areas of the continent as well as by clinical reports
of individual cases.

Inasmuch as the reporting of MSF cases is not obligatory in all countries of
Europe, information on the overall occurrence and incidence of the infection
is largely dependent on a review of scientific literature. Table 12.4 provides a
partial review of the incidence of infections/antibodies found in surveys carried
out in Europe.

The surveys listed in Table 12.4 present only examples of the many surveys
which have been published. Nevertheless, from these results, it is apparent that
the serological prevalence rates in humans and dogs are high (though this
may be due to surveys being carried out in areas at high risk of transmis-
sion). The infection is widespread in southern Europe and is almost certainly
under-diagnosed due to the lack of familiarity of physicians with the disease or
the difficulties in carrying out serological surveys. As has been described above,
Rhipicephalus sanguineus is very frequently introduced into northern Europe on
dogs returning from southern Europe; if the species is established in northern
areas, the distribution of R. conorii and hence the transmission of MSF may also
be extended.
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Table 12.4 Surveys of the incidence of Rickettsia conorri

infections/antibodies in Europe, human and canine populations

Country Results Reference
Croatia dogs 62.4-69.9% Punda Polic et al., 1995
France - Corsica human 48/100 000 Raoult et al., 1985
France human 18% of 325 Raoult et al., 1987
France - Marseille human 24.2/100 000 Raoult et al., 1993
Greece human 18.1% of 337 Gourgouli et al., 1992
Greece human 7.9% of 1584 Daniel et al., 2002
Italy dogs 85% of 55 Mansueto et al., 1984
Italy horses 42% Rosa et al., 1987
Italy human 10.4% of 241 Federico et al., 1989
Italy dogs 35.5% of 163 Masoero et al., 1991
Italy humans 1.6 per 100 000 Giammanco et al., 2003
Portugal dogs 85.6% of 104 Bacellar et al., 1995
Portugal human 1,000 cases/year Oliveira & Corte Real, 1999
Slovenia human 20% of 315 Novakovic et al., 1991
Spain human 73.5% to 82% Herrero et al., 1992
dogs 93% overall ”
Spain human 11.6% of 200 Espejo Arenas et al., 1990
dogs 36.8% of 103 7
Spain human 73.5% of 400 Ruiz Beltran et al., 1990
Spain dogs 58.6% of 58 Herrero et al., 1992
Spain human 8% of 150 Segura Porta et al., 1998
dogs 26.1% of 138 ”

Other spotted fever rickettsiae in Europe

Rickettsia aeschlimanni

Rickettsia aeschlimanni was first isolated from Hyalomma marginatum
marginatum ticks collected in Morocco. Identical PCR-RFLP profiles have been
found in H. marginatum marginatum from Portugal and H. marginatum rufipes
from Zimbabwe, suggesting that the distribution of this rickettsia reaches from
the Mediterranean to southern Africa (Beati et al.,, 1997). Although a case has
been imported into France from Morocco, no autochthonous clinical cases have
been reported from Europe.

Rickettsia helvetica

Rickettsia helvetica was first isolated from Ixodes ricinus in Switzerland in
1979; it was recognized as a new and hitherto undescribed spotted fever agent
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and called the ‘Swiss agent’ (Burgdorfer et al., 1979). It was identified as a new
member of the spotted fever group of rickettsiae and given the name Rickettsia
helvetica (Beati et al., 1993). The species has since been isolated from I. ricinus in
Central France (Parola et al., 1998), from Italy (Beninati et al., 2002), Denmark
(Nielsen et al., 2004) and, as will be seen below, in Sweden.

A serological survey in Sweden examined 748 I. ricinus collected in the south-
ern and central parts of the country; 13 (1.7%) of the ticks were positive for
rickettsia; no species of the genus Rickettsia had previously been found in Scan-
dinavian ticks, nor has any case of rickettsial infection in humans or animals
been reported. Sequencing showed that the isolations were apparently identical
to R. helvetica (Nilsson et al., 1997). At first the species was not linked with human
disease. An investigation was made of two young Swedish men who died of sud-
den cardiac failure and who showed signs of perimyocarditis similar to those
described in rickettsial disease; rickettsia-like organisms predominantly located
in the endothelium were found. As R. helvetica transmitted by I. ricinus is the only
non-imported rickettsia found in Sweden, it may be an important pathogen in
the aetiology of perimyocarditis causing sudden unexpected cardiac death in
young people (Nilsson et al., 1999b). The identification of the causative agent in
the above cases was confirmed as R. helvetica in a DNA study of rickettsiae isolated
from I. ricinus (Nilsson, 1999a). In 1997 a 37-year-old man in eastern France was
found to have seroconverted to R. helvetica, 4 weeks after the onset of an unex-
plained febrile illness. Results of a serosurvey of forest workers from the area
where the patient lived showed a 9.2% seroprevalence of R. helvetica among them
(Fournier et al., 2000). Beninati et al. (2002), examined 109 I. ricinus collected in
north and central Italy; PCR identified nine ticks positive for rickettsia. Among
them, three different spotted fever groups of rickettsiae were found including R.
helvetica. It is possible that species other than R. conorii are involved in rickettsial
diseases in Italy and ticks other than Rhipicephalus sanguineus may be vectors.

Rickettsia helvetica is now known to be widely found in Europe and may be
the cause of more clinical disease and mortality than is currently recognized. In
view of the serious illness that may be associated with this agent, its widespread
distribution as an emerging disease is a matter of concern.

Rickettsia massiliae

In 1990, 17 adult Rhipicephalus turanicus were collected in the south of
France. Two spotted fever group rickettsiae, Mtul and Mtu5, were isolated from
two of these ticks (Beati et al., 1992); these isolations were later recognized as a
new species and were given the name Rickettsia massiliae; PCR analysis showed
the strains to be distinct from all previously recognized spotted fever group
rickettsiae (Beati & Raoult, 1993). R. massiliae was isolated from Rhipicephalus
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sanguineus in Greece (Babalis et al., 1994), from the same species in Catalonia,
Spain (Beati et al., 1996) and Portugal (Bacellar et al., 1995). Most recently it has
been isolated from Rhipicephalus sanguineus in the Canton of Ticino in the South
of Switzerland (Bernasconi et al., 2002). While widely distributed in Europe, its
pathogenicity and public health importance remain unknown.

Rickettsia slovaca

Rickettsia slovaca was first isolated from Dermacentor marginatus in Slovakia
in 1968, and has been implicated in human febrile illness (Sekeyova et al., 1998).
Rickettsia slovaca is reported from Armenia, Austria, the Czech Republic, France,
Germany, Hungary, Italy, Kazakhstan, Lithuania, Portugal, Russia, Slovakia, Spain
and Switzerland. It was isolated in France from D. marginatus in the south of the
country in 1991 (Beati et al., 1993). From 51 partially engorged D. marginatus
females collected in 1975 in southern Germany, four strains of rickettsiae were
isolated and were found to be similar to and almost undistinguishable from R.
slovaca (Rehacek et al., 1977). A rickettsia identified as being identical to R. slovaca
was isolated from Argas persicus and D. marginatus collected in the Armenian S.S.R.
in 1974 (Rehacek et al., 1977) and its presence in that country was later confirmed
by PCR analysis (Balayeva et al., 1994). Antibodies to R. slovaca have been found in
R. sanguineus collected on the outskirts of Rome, Italy (Cacciapuoti et al., 1985).
In Portugal R. slovaca was isolated from 18 of 632 adult D. marginatus (Bacellar
et al., 1995b). In Hungary rickettsia isolated from 7.2% of D. marginatus and 4.7%
of D. reticulatus ticks were probably this species and the isolation represented
the first rickettsiae of the spotted fever group found in the country (Rehacek
et al., 1979). It has been detected in man and isolated from D. marginatus in
Austria (Bazlikova et al., 1977) and found in I. ricinus in Lithuania (Tarasevich et al.,
1981). The finding of R. slovaca in Dermacentor ticks in Russia and Kazakhstan has
considerably extended the known distribution of this species eastwards (Shpynov
et al., 2001).

The pathogenic role of R. slovaca was first noted in 1997 in a patient with a
single inoculation lesion of the scalp and enlarged cervical lymph nodes, who
had been bitten by a Dermacentor tick. Subsequently, the authors (Raoult et al.,
2002) evaluated the occurrence of R. slovaca infections among patients living
in France and Hungary with these symptoms. Rickettsia slovaca infections were
confirmed in 17 of 67 patients examined. Infections were most likely to occur in
patients aged <10 years who were bitten during the colder months of the year.
Sequelae included persistent asthenia (3 cases) and localized alopecia (4 cases).
Antibodies were detected in 50% of tested patients. Rickettsia slovaca was detected
by PCR in three Dermacentor ticks obtained from patients.
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Data were collected in Hungary from 1996 through 2000 on 86 patients with
similar symptoms following a tick bite most of whom had enlarged regional
lymph nodes and/or vesicular-ulcerative local reaction at the site of the bite, 96%
of which were located on or near the scalp. A characteristic eschar was seen in
70 (82%) patients. The most frequent general symptoms were low-grade fever,
fatigue, dizziness, headache, sweat, myalgia, arthralgia and loss of appetite.
Without treatment, the symptoms persisted as long as 18 months. One of the
patients reported symptoms suggestive of encephalitis. The infection occurred
most commonly in young children (Lakos, 2002).

Rickettsia monacensis

Rickettsia monacensis was isolated from I. ricinus collected in the English
Garden Park in Munich, Germany. Analysis demonstrated that the isolate was a
spotted fever group rickettsia closely related to several yet-to-be-cultivated rick-
ettsiae associated with I ricinus. Rickettsia monacensis joins a growing list of such
rickettsiae found in ticks but whose infectivity and pathogenicity for vertebrates
are unknown (Simser et al., 2002). There have been no other reports of this species
to date.

Rickettsia mongolotimonae

Rickettsia mongolotimonae was first isolated from Hyalomma asiaticum in
Inner Mongolia in 1991 and described and named in 1996. The first reported
human case was in France and was at first thought to be imported (Raoult et al.,
1996). However, when a second case due to the same agent occurred in Marseille,
it appeared that the disease may be common around the city, representing a
new clinical entity with a broader geographic distribution than previously doc-
umented (Fournier et al., 2000). The identity of the vector in southern France
remains unknown.

An agent given the name of Israeli spotted fever belonging to the R. conorii
complex and transmitted by Rhipicephalus sanguineus (Manor et al., 1992), has
been isolated from ticks and humans in Israel where it has caused mortality
among children. Three cases of infection with this species have been reported
in Portugal, and it has been isolated from R. sanguineus in Sicily (Giammanco
et al., 2003); these reports indicate that the geographic distribution of Israeli
spotted fever is quite wide. Because initial signs and symptoms of the disease
are particularly uncharacteristic of the spotted fevers and appropriate treatment
may be delayed by a failure of timely diagnosis, this rickettsia can cause life-
threatening disease; 2 of the 3 cases reported in Portugal died despite intensive
treatment (Bacellar et al,, 1999). The clinical course of Israeli spotted fever is
more severe than MSF, from which it differs in having a very low proportion of
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cases with eschar at the site of the tick-bite (Walker et al. 1995). In view of the
deaths associated with this infection in Israel and in Portugal, the appearance
of this species in Europe is a matter of concern.

The public health importance of the Spotted fevers

Spotted fever group infections in Europe are widespread, their incidence
is increasing and new species are emerging. As with other tick-borne infections
in Europe, the increased distribution and rise in incidence is due, in part, to eco-
logical changes, which have encouraged greater man-tick contact. The growing
dog population in Europe, both pet and feral, has resulted in higher densities of
the dog-tick vectors and hence, increased transmission of MSF. The recognition
of new species and new strains of spotted fevers further increases the public
health importance of this group. Physicians must be aware of the possibility of
illnesses being due to a member of this group so as to ensure a timely diagnosis
and treatment.

Ehrlichiosis

Ehrlichioses are a group of emerging diseases caused by small, intra-
cellular bacteria belonging to the family Rickettsiaceae, genera Ehrlichia and
Anaplasma. (A recent reclassification has resulted in the transfer of several species
previously known as Ehrlichia to the genus Anaplasma.) Ehrlichia and Anaplasma
are transmitted largely through the bite of infected ticks. The first recognized
human case occurred in the USA in 1986 in a man who had been exposed
to ticks in a rural area of Arkansas. In 1990, the agent of human ehrlichio-
sis was isolated from the blood of an Army reservist at Fort Chaffee, Arkansas
(Dawson et al., 1991) and was named Ehrlichia chaffeensis (Anderson et al., 1991).
The two ehrlichial diseases recognized are human monocytic ehrlichiosis (HME)
and human granulocytic ehrlichiosis (HGE). The causative agent of HGE in man
is Anaplasma equi, first reported in the USA in 1994 and now reported elsewhere
in North America, Europe and the Middle East.

Prior to the discovery of E. chaffeensis, Ehrlichia sennetsu was the only species
known to infect humans. Ehrlichia sennetsu causes Sennetsu fever and occurs
primarily in Japan; it is rare and usually benign, and no fatalities have
been reported. The other Ehrlichia cause animal diseases and include E. canis
(canine ehrlichiosis), E. ewingii (canine granulocytic ehrlichiosis), E. risticii
(Potomac Horse Fever), E. equi (disease in horses), E. phagocytophila (disease in
sheep and cattle), among others.

Symptoms of human ehrlichiosis resemble those of Rocky Mountain spot-
ted fever (RMSF) ranging from a mild or asymptomatic illness to a severe,
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life-threatening condition. In patients with severe complications, acute renal or
respiratory failure is common. There have been a number of fatalities in the
USA and Europe (Hulinska et al., 2002).

The first human case of ehrlichiosis in Europe was reported from Portugal
(Morais et al., 1991). Species of Ehrlichia and Anaplasma have now been reported
from many countries in Europe as shown in Table 12.5.

The public health importance of ehrlichiosis

Ehrlichiosis is widespread in Europe and, as with Lyme disease and
other tick-borne infections, its incidence appears to be increasing and spread-
ing geographically. In several instances ticks have been found co-infected with
both agents. In part the increased incidence of ehrlichial infections may be
due to better recognition and diagnosis of the disease but changing ecolo-
gical conditions favouring increased human-tick contact must be considered
a major factor. Greater awareness of the potential severity of ehrlichiosis is
needed by physicians to ensure that proper treatment is initiated early in the
course of the disease.

Q Fever

Q Fever is a worldwide zoonosis caused by Coxiella burnetii, an obligate
intracellular parasite. As with all rickettsiae, humans are dead-end hosts. The
disease usually takes the form of an acute atypical lung pneumonia disease;
subclinical or non-typical forms are known. Unlike other rickettsial diseases, no
cutaneous exanthema is seen. Q fever is rarely fatal, with a mortality rate of
about 1% in untreated patients and lower among treated patients.

The most important sources of infection are cattle, sheep and goats; trans-
mission to man may occur by ticks but more often it is by aerosol, or by non-
pasteurized milk and dairy products. A large proportion of the cases occur
among farm and abattoir workers. Ticks may play a role in the silent main-
tenance of the rickettsiae, transmitting the agent from one animal to another
(Walker & Fishbein, 1991). Many mammals and birds have been found infected
and may have a role in the maintenance of the infection. The seroprevalence of
C. burnetii in a population of brown rats, Rattus norvegicus, ranged from 7-53% in
four Oxfordshire farmsteads and nine Somerset farmsteads in the UK (Webster
et al., 1995). On the other hand, in southern Bavaria in Germany, where 12%
of 1095 cattle were seropositive for C. burnetii, neither rodents nor ticks in the
same area were positive and the authors assumed that an independent nat-
ural cycle involving only cattle maintained the infective agent (Rehacek et al.,
1993).
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Table 12.5 Reports of the presence of ehrlichiosis in Europe *

Country Species Host Reference
Belgium Ehrlichia chaffeensis humans Guillaume et al., 2002
Bulgaria Ehrlichia sp. humans Christova & Dumler,
1999
Bulgaria E. phagocytophila* ticks Christova et al., 2001
Czech Rep. E. chaffensis humans Hulinska et al., 2001
E. phagocytophila humans
Czech Rep. E. phagocytophila humans Zeman et al., 2002
Czech Rep. E. phagocytophila humans, Hulinska et al., 2002
deer, boar, birds,
Denmark E. chafeensis humans Lebech et al., 1998
Denmark E. equi dogs Ostergard, 2000
Denmark E. chaffeensis humans Skarphedinsson et al.
2001
France E. equi Ixodes ricinus Parola et al., 1998a
E. phagocytophila L. ricinus
Germany E. canis dogs Reider & Gothe, 1993
Germany E. canis dogs Gothe, 1999
Germany E. phagocytophila humans Fingerle et al., 1997,
1999
Germany E. phagocytophila L ricnus Baumgarten etal., 1999
Germany Ehrlichia sp. humans Hunfeld & Brade, 1999
Germany A. phagocytophila* L ricinus Hildebrandtetal., 2003
Greece E. chaffeensis humans Daniel et al., 2002
Ireland E. phagocytophila cow Purnell et al., 1978
Italy E. canis dogs Buonavogliaetal., 1995
Italy E. phagocytophila humans Nuti et al., 1998
Italy E. chaffeensis humans Santino et al., 1998
Italy E. phagocytophila I. ricinus Cinco et al., 1998
Netherlands Ehrlichia sp. L ricinus Schouls et al., 1999
Netherlands E. phagocytophila COwWs Siebinga & Jongejan
2000
Norway E. phagocytophila moose Jenkins et al., 1998
I. ricinus
Norway Ehrlichia spp. humans Bakken et al., 1996
Norway Anaplasma
phagocytophila* sheep Stuen et al., 2002
Poland Ehrlichia sp. Microtus arvalis Bajer et al., 1999
Poland E. phagocytophila I ricinus Grzeszczuketal., 2002
Portugal E. canis humans Morais et al., 1991
Portugal E. canis dogs Bacellar et al., 1995
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Table 12.5 (cont.)

Country Species Host Reference
Russia E. phagocytophila L. ricinus Alekseev et al., 2001
Russia E. phagocytophila voles Telford et al., 2002
Clethrionomys glareolus
Slovenia E. equi humans Lotric-Furlanetal., 1998
Slovenia Ehrlichia sp. humans Cizman et al., 2000
Slovenia E. phagocytophila humans Lotric-Furlanetal.,2001
Spain E. phagocytophila I. ricinus Oteo et al., 2000
Spain E. phagocytophila humans Oteo et al., 2001
Sweden E. chaffeensis humans Bjoersdorffetal., 1999a
Sweden E. equi humans Bjoersdorffetal., 1999b
Sweden E. equi L ricinus Gustafson & Artursson,
1999
Sweden E. equi horses Artursson et al., 1999
Switzerland E. phagocytophila Ccows Pusterla et al., 1997
Switzerland E. canis dogs Pusterla et al., 1998a
E. phagocytophila dogs
Switzerland E. phagocytophila humans Pusterla et al., 1998b
Switzerland E. equi L ricinus Liz et al., 2000
E. phagocytophila rodents
UK E. phagocytophila cow Purnell & Brocklesby,
1978
UK E. phagocytophila humans Sumption et al., 1995
UK E. phagocytophila L. ricinus Ogden et al., 1998
UK E. phagocytophila roe deer (Capeolus Alberdi et al., 2000
capreolus)

I. trianguliceps

*Species names are as reported in articles; Ehtlichia phagocytophila has now been renamed
Anaplasma phagocytophila or as cited by certain authors, Anaplasma phagocytophilum.

Tick vectors of Q fever

In Slovakia, strains of Coxiella burnetii were recovered from Ixodes ricinus,
Dermacentor reticulatus, D. marginatus, Haemaphysalis concinna, H. inermis and H.
punctata; the agent was thus isolated from all important ticks in the country
(Rehacek et al., 1991). In Bulgaria, antibodies to C. burnetii were found in I. ricinus,
D. marginatus, Rhipicephalus bursa and Hyalomma plumbeum (Aleksandrov et al.,
1994). In Cyprus C. burnetii was found in R. sanguineus and Hyalomma species
(Spyridaki et al., 2002). In Ticino, Switzerland, Bernasconi et al. (2002) identified a
Coxiella species (probably C. burnetii) in R. sanguineus and R. turanicus. Rhipicephalus
sanguineus were also infected by Rickettsia massiliae.
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The public health importance of Q fever

Overall, the public health importance of Q fever in Europe is no longer
great. The incidence is low in most countries and mortality is quite uncommon.
Improved working conditions on farms have reduced exposure. Yet, the infec-
tious agent and the putative vectors of C. burnetii remain widely endemic in
Europe. Raoult et al. (2000) carried out examinations of both Q fever patients
and sera (1383 patients hospitalized in France for acute or chronic Q fever),
and an analysis on 74 702 sera in their reference centre; they concluded that Q
fever is grossly underestimated. Cases of Q fever are also reported from Austria,
Bosnia-Herzegovina, Croatia, Czech Republic, Greece, Italy, Lithuania, Nether-
lands, Poland, Russia, Spain, Sweden, Portugal and the Ukraine but in small
numbers. In the UK and Ireland, between 100 and 200 cases of human Q fever are
encountered annually. Most cases are sporadic but occasionally large outbreaks
occur. In Germany, 40 documented outbreaks have been identified since 1947;
in 24 of these sheep were implicated as the source of transmission (Hellenbrand
et al., 2001).

Babesiosis

Human babesiosis is an emerging tick-borne zoonotic disease occurring
in significant numbers in Europe. It is an intra-erythrocytic parasitic infec-
tion caused by protozoa of the genus Babesia and transmitted via the bite
of Ixodes ticks. The disease most severely affects elderly patients, those who
are immunocompromised, or have undergone splenectomy. Babesiosis is usu-
ally asymptomatic in healthy individuals. Babesial parasites (and those of the
closely related genus Theileria) are some of the most widespread blood para-
sites in the world, second only to the trypanosomes and malaria, and have a
considerable worldwide economic, medical and veterinary impact (Homer et al.,
2000).

The first human infection caused by Babesia was described in the former
Yugoslavia in 1957 from an asplenic farmer. Many species of Babesia have now
been reported from Europe. There have been hundreds of cases in the USA,
mostly caused by Babesia microti. Human babesiosis in Europe is caused by B.
divergens, and it frequently causes a more serious disease particularly in asplenic
persons. Human babesiosis is relatively rare in Europe, but cases have been
reported from the former Yugoslavia, Ireland, France, Portugal, Russia, Switzer-
land and the UK. Most human cases have occurred in France, Ireland and the
UK. In Europe, it is symptomatic in a large proportion of the infections and
may often be fatal (Rowin et al.,, 1984). Splenectomy is the main factor of risk
found in 86% of the patients. Unfortunately, the effect of treatment is poor
in splenectomized patients especially if delayed (Hohenschild, 1999). All of the
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cases which have involved B. divergens have occurred in individuals who were
splenectomized.

Tick vectors of babesiosis

The tick vectors of babesiosis in Europe are species of Ixodes, Dermacentor,
Rhipicephalus and Haemaphysalis. In western Europe, the most frequent vector
species are I. ricinus and D. marginatus. In Russia L. trianguliceps has been found
infected with B. microti (Telford et al., 2002). In Germany and France, D. reticulatus
and D. marginatus are vectors of Babesia canis (Zahler et al., 1996). In Germany,
France, Ireland and the UK, L ricinus is the primary vector. Sixl et al. (1989)
provided evidence in Austria for the presence of Coxilla burnetii in hedgehogs
(Erinaceus europaeus) and the role of I hexagonus and I ricinus as vectors of the
causative agent. In Switzerland, B. microti DNA has been detected in I. ricinus
in the eastern part of the country; 1.5% of 396 human residents in the region
had antibodies to B. microti. This constitutes the first report of B. microti in a
human-biting vector, associated with evidence of human exposure to this agent,
in a European site (Foppa et al., 2002). However, in Poland, a high infection rate
of DNA of B. divergens and B. microti has also been found in I ricinus (Skotarczak
& Cichocka, 2001). Experimental studies have shown that strains of B. microti
from the USA infect and are readily transmitted by L ricinus from one gerbil to
another. This suggests that European B. microti strains are probably infective for
I ricinus, supporting the view that infection of humans with European B. microti
may be a regular occurrence (Gray et al., 2002). Studies in Slovenia examined
questing I. ricinus adult and nymphs collected in various parts of the country
for the presence of babesial parasites; 13 of 135 ticks contained babesial DNA
identical with B. microti and with a high degree of homology with B. odocoilei
and B. divergens. The authors considered that this represents the first genetic
evidence of B. microti and B. divergens-like parasites in I ricinus in Europe (Duh
et al., 2001).

The public health importance of babesiosis

The importance of babesiosis in Europe lies not so much in the relatively
small number of clinical cases so far diagnosed and reported but in the severity
of the disease which may develop in infected persons. The surveys cited above
show that emerging babesial infections in both man and animals are widespread
on the continent. Spielman (1994), in considering the emergence and spread
of Lyme disease, and babesiosis in the USA and in Europe, believed that their
emergence derives from the recent proliferation of deer populations, and the
abundance of deer derives from the process of reforestation now taking place
throughout the North Temperate Zone of the world. Residential development
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seems to favour small tree-enclosed meadows interspersed with strips of wood-
land, a ‘patchiness’ prized by deer, mice and humans. As a result, large numbers
of people live where risk of Lyme disease and babesiosis is intense. The agents
of these infections that were once transmitted enzootically by an exclusively
rodent-feeding vector have become zoonotic. It is thus possible that the inci-
dence of babesiosis in Europe may increase as has been the case with other
tick-borne diseases.

Tularaemia

Tularaemia is caused by the gram-negative bacterium, Francisella tularen-
sis. Francisella tularensis occurs worldwide in more than 100 species of wild ani-
mals, birds and arthropods. Infection with this agent produces an acute febrile
illness in humans. The route of transmission and factors relating to the host and
the organism influences the presentation. Humans can become infected through
diverse environmental exposures: bites by infected arthropods; handling infec-
tious animal tissues or fluids; direct contact with or ingestion of contaminated
food, water or soil; and inhalation of infective aerosols. Untreated, tularaemia
has a mortality rate of 5-15% or even higher with the typhoidal form. Appropri-
ate antibiotics lower this rate to about 1%.

In Europe, a large outbreak of tularaemia occurred in Kosovo in 1999-
2000. A total of 327 serologically confirmed cases were identified in 21 of 29
Kosovo municipalities. Matched analysis of 46 case households and 76 con-
trol households suggested that infection was transmitted through contamin-
ated food or water and that the source of infection was rodents. Environmen-
tal circumstances in war-torn Kosovo led to epizootic rodent tularaemia and
its spread to resettled rural populations living under circumstances of sub-
standard housing, hygiene and sanitation (Reintjes et al., 2002). By 5 February
2002, the Institute of Public Health in Pristina had reported 715 cases with no
deaths.

According to the statistics of the international animal disease office, OIE, in
the year 2000 tularaemia was diagnosed in 917 people in Finland and 468 people
in Sweden. The infection is endemic in both of these countries particularly
in hares (Lepus europaeus) and other small mammals. An extensive epidemic of
tularaemia with 529 cases, 400 of which were confirmed by laboratory tests,
occurred in the northern part of central Sweden during the summer of 1981.
The outbreak was of short duration and was restricted to certain communities
within a narrow geographical area. During the 2 years preceding the outbreak
only 3 and 7 cases were reported in Sweden. The infection was reported as being
mainly transmitted by mosquitoes. The later cases in September and October
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were infected by contact with hares or rodents. All age-groups were affected, with
a slight predominance of women and the 30-60 year age-groups (Christenson,
1984).

In 2003, 6 cases of tularaemia were described from Oppland and Hedmark
Counties, Norway. All the cases described lived in areas where rodent activity
is high and where tularaemia has been diagnosed previously. There were no
known associations between the patients. None of the patients reported drink-
ing water from unchlorinated sources. Physician awareness of tularaemia in
Norway is fairly low, and some of the cases described were not recognized at
initial presentation. Tularaemia has been a notifiable disease in Norway since
1975. Between 1975-2004, the annual incidence has varied from 0 to 47 cases
(incidence in 1985). In Sweden, the incidence has been much higher in recent
years — up to many hundreds of cases annually (Hagen et al., 2005).

An increasing number of cases of tularaemia infection are being observed
in eastern Europe, above all in Bulgaria, Hungary, Russia and, to some extent,
Yugoslavia and Slovakia. However, isolated cases are reportedly sporadically from
other European countries.

Tick vectors of tularaemia in Europe

In central and western Europe, I ricinus is probably the most impor-
tant vector while Dermacentor nuttalli may be the vector in Russia. In the Czech
Republic, 26 478 ticks were examined in a survey; three strains of Francisella
tularensis were isolated, one each from I. ricinus and D. reticulatus males in south-
ern Moravia, and one from D. marginatus-engorged females collected from sheep
in eastern Slovakia. A survey from 1984-1993 in the region of Bratislava col-
lected 6033 ticks, mostly adults of D. reticulatus (4994) and I. ricinus (1004), and 35
Haemaphysalis concinna nymphs. Out of 4542 starving ticks, 34 F. tularensis strains
were isolated from D. reticulatus (30), from L ricinus (3) and H. concinna (1). Natural
infection with F. tularensis was further shown in 27 of 1491 adult D. reticulatus
(Gurycova et al., 1995).

Other arthropods are also involved in the transmission of tularaemia organ-
isms, although less so than ticks. In the original study of tularaemia in the USA,
transmission by the deer fly (Chrysops discalis) was shown to occur. Mosquitoes
may be involved in transmission, at least in Scandinavia according to reports
from Sweden (Christenson, 1984; Eliasson et al., 2002).

The public health importance of tularaemia in Europe

The annual number of cases of tularaemia is fairly large and the infec-
tion is widespread. It frequently appears as epidemic outbreaks though these are
usually not due to tick transmission. Due to the virulence of the infection and its
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broad geographical distribution, physician awareness of the disease and a good
surveillance system are necessary. Though not of broad public health importance
at this time, it may periodically be of considerable focal importance.

Tick paralysis

Tick paralysis occurs worldwide. It is not an infectious disease but is
caused by the introduction of a toxin from tick salivary glands during blood-
feeding. It is a relatively uncommon neuromuscular disease with a higher preva-
lence among young girls, although older men who are exposed to tick bites may
also be affected. It typically presents as an acute ascending paralysis occurring a
few days after tick attachment and may result in respiratory failure and death.
Generally, this condition is associated with ticks attached around the head area,
particularly at the base of the skull. Symptoms begin a day or two after initial
attachment. The victim loses coordination and sensation in the extremities. The
paralysis progresses in severity, the legs and arms becoming useless; the face
may lose sensation; and speech becomes slurred. If the breathing centre of the
brain is affected, the victim may die. If the tick or ticks are found and removed,
recovery begins immediately, and the effects disappear within a day.

A particularly severe form of this condition is seen in Australia and many
cases have been reported from the USA and Canada where the causative ticks
are Dermacentor species. In Europe Ixodes ricinus is the species known to cause
tick paralysis.

Only sporadic cases of tick paralysis have been reported from Europe. Lefeb-
vre et al. (1976) described a series of cases in France and reviewed the literature
while Lefebvre (1981) cautioned that seasonal inflammatory neurological disor-
ders following tick-bites have been reported more and more often during the
last few years especially during the summertime and especially in high-risk sub-
jects (campers, agricultural workers, troops during field exercise). Schmidt &
Ackermann (1985) described the clinical aspects of a series of cases in Germany.

Though the number of cases of tick paralysis in Europe is small, death can
result from an infestation, which can be readily and easily prevented by removal
of the tick. Persons showing neurological symptoms described above and who
may have been at risk by having been exposed to tick bites, should be carefully
examined to see if they have a tick attached to them, particularly on the head,
and, if found, the tick should be very quickly removed.
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Mite-borne infections and infestations

Scabies

Scabies is an intensely pruritic and highly contagious infestation of the
skin caused by the mite, Sarcoptes scabiei. It lives its entire life on the human
host. A variant is canine scabies, in which humans become infected from pets,
mainly dogs. Canine scabies (i.e., mange) causes patchy loss of hair and itching
in affected pets. A highly contagious form of scabies, known as Norwegian or
crusted scabies, is being increasingly found in individuals who are immuno-
compromised, aged, physically debilitated or mentally impaired. In this type
of infestation, extensive widespread crusted lesions appear with thick hyper-
keratotic scales over the elbows, knees, palms and soles. Extensive proliferation
occurs in immunocompromised patients. It is readily spread by close contact
within families, in institutions and by sexual contact and it has been estimated
that the global prevalence of scabies is 300 million cases annually (Walker &
Johnstone, 2000).

Although the Sarcoptes mite does not transmit a disease, they are the cause of a
diseased condition; scabies spreads in households and neighbourhoods in which
there is a high frequency of intimate personal contact or sharing of inanimate
objects; and fomite transmission is a major factor in household and nosoco-
mial passage of scabies (Burkhart et al., 2000). Scabies is often a serious problem
in institutions such as hospitals and other health-care institutions, especially
homes for the aged; van Vliet et al. (1998) considered that there were six impor-
tant factors that contribute to the transmission and return of scabies in health-
care institutions: (a) among residents in health-care institutions a considerable
number are, once infested, at risk of developing crusted scabies, (b) many peo-
ple are exposed through close contact, (c) the generally long diagnostic delay,
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(d) insufficient survey of the epidemiological problem, (e) treatment failures and
(f) incomplete post-intervention monitoring.

Particular attention must be given to the prevention of scabies and especially
Norwegian scabies in institutions such as hospices for AIDs patients. Patients
with Norwegian scabies require strict barrier nursing if nosocomial transmis-
sion is to be avoided. Virtually all reviews of scabies in Europe note that the inci-
dence is increasing both of uncomplicated scabies and especially of Norwegian
scabies; the reasons for such an increase is variously ascribed to greater mobil-
ity of human populations, greater promiscuity and, in the case of Norwegian
scabies, to the much greater susceptibility of immunosuppressed individuals.
The systemic drug ivermectin usually provides effective control in individuals
but the pyrethroid insecticide permethrin may also provide safe and effective
control (Walker & Johnstone, 2000).

Scabies infestations may have a direct public health impact; as an example,
from 1966-1986 there were 1675213 cases of scabies reported in Poland. The
highest incidence (580.5) per 100 000 inhabitants was noted in 1968, the lowest
(41.7) in 1986. During this period, the losses brought about by this disease among
people 20-64 years of age amounted to 1836234 days of sick leave, while the
average absence in 1980 was 82500 days (Zukowski, 1989). There are reports
from several countries of an overall increase in the incidence of scabies. This is
particularly evident in institutional outbreaks and among persons living under
poor socioeconomic conditions.

Reports of increased incidence of scabies infections have been received from
Denmark, Germany, Italy, Russia, Sweden and the UK. In a recent review of
cases of infectious disease reported by occupational and specialist physicians to
the UK-based schemes collecting data on occupational ill-health in 2000-2003,
no less than 11.1% of the 5606 reports received were due to scabies (Turner
et al., 2005), presumably representative of the industrial sectors associated with
occupational disease. Scabies is a persistent and serious public health problem
in Europe which must be dealt with by rapid diagnosis and effective control,
especially in institutional settings.

Effective treatment and control will be enhanced by rapid diagnosis. Scabies
control by the application of topical pesticides has become increasingly difficult
as toxicological concerns have reduced the number of compounds available.
Effective treatment of scabies can be achieved with a 5% permethrin cream.
Fortunately, ivermectin, a potent macro-cyclic lactone of the avermectin family
is now widely available and approved because of its high degree of safety and
effectiveness of its control of the mites. Used as a systemic, it is well tolerated.
Ivermectin is particularly effective in large institutional outbreaks where control
as been hitherto difficult (Buffet & Dupin, 2003).
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Rickettsial pox

The causative agent of rickettsial pox is Rickettsia akari, a member of
the spotted fever group of rickettsia. This rickettsial agent is transmitted by the
house mouse mite (Liponyssoides sanguineus) from rodents, particularly, the house
mouse (Mus musculus), to man. Rickettsial pox is a mild, selflimited, zoonotic
febrile illness characterized by a papulovesicular skin rash at the site of the
mite bite. It was first recognized clinically in New York City in 1946 (Huebner
et al., 1946).

The infection was detected in southern Europe for the first time with the
isolation of R. akari from the blood of a sick patient in Croatia (Radulovic et al.,
1996). The authors considered that rickettsial pox would probably be found more
often on the continent if physicians gave greater consideration to the possibility
of its presence and if laboratory diagnostic methods were better able to dis-
tinguish between the different spotted fever group rickettsiosis. In view of the
scarcity of cases and its lack of pathogenicity, rickettsial pox is not an infection
of public health importance in Europe.

Mites and allergies

Although not an infectious disease, allergy due to house-dust mites,
(Dermatophagoides pteronissinus and D. farinae) is an important causative factor for
allergic asthma or rhinitis in children throughout the world and may, in part,
be a factor in 50-80% of asthmatics. There is a clear relationship between the
degree of allergen exposure and the subsequent development of asthma or the
risk of sensitization. In fact, allergens produced by these mites are probably
the single most important allergens associated with asthma worldwide (Tovey,
1992). Along with respiratory symptoms, high levels of dust mite allergens have
also been correlated with atopic dermatitis, characterized by itchy, irritated skin.
In general, these studies suggest that those persons susceptible to mites (i.e.
those likely to form IgE antibodies) are also likely to develop skin sensitization
if exposed to high concentrations of mite allergens. (‘Atopic’ refers to a group
of diseases where there is often an inherited tendency to develop other allergic
conditions, such as asthma and hay fever.)

There is a general agreement that house dust mites in the home feed on shed
skin of man. The average individual sheds 0.5 to 1.0 g of skin daily. Mites have a
life cycle of about 2-3.5 months. The size of the mite is up to 0.3 mm. They live
in house dust and thrive in warmth and high humidity. Mites’ faeces seem to
be the major source of allergenic exposure. They are about the size of a pollen
grain and could therefore very easily become airborne and penetrate the lung
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alveolus. Among farm or warehouse workers, allergies may also be caused by
storage mites, which are especially common under warm, humid conditions.

The presence of mites in house dust was known as early as 1928. In 1964
the significance of this finding was enlarged upon when D. pteronissinus and D.
farinae were identified in house dust samples from all over the world (Voorhorst
et al., 1964). Dermatophagoides pteronissinus dominates most of Europe and the UK.
Dermatophagoides farinae is an important allergen in North America and Japan,
and also is common in parts of Italy and Turkey. In the Far East both species are
equally prevalent. Altitude plays a role as low damp areas with high humidity
are preferable for the mites. In total 13 species have been found in house dust
and recorded from locations throughout the world, including the USA, Canada,
Europe, Asia, the Middle East and parts of Australia, South America and Africa
(Colloff, 1998). However, three species D. pteronissinus, D. farinae and Euroglyphus
maynei (Em) are most common, comprising up to 90% of the mite fauna in
houses (Blythe et al., 1974). Euroglyphus maynei is common in homes in the UK,
Europe, the southern USA and other parts of the world. It is often present in
densities greater than 100 mites per gram of dust. Euroglyphus maynei usually
occurs with D. pteronissinus and D. farinae and it is frequently more abundant
than Dermatophagoides species (Arlian et al., 1993). Sensitization to storage mites
in Germany is frequently associated with sensitivity to D. pteronissinus. Overall,
skin test sensitivity to storage mites in grain and other foodstuff was greater in
rural than in city dwellers (Musken et al., 2002). Perennial conjunctivitis due to
house dust mites is the most frequent form of allergic conjunctivitis in urban
environments.

Currently, several studies in France have shown that sensitivity to mites is fre-
quently found in the general population and in people suffering from respiratory
allergic disorders. From 5-30% of the general population have positive skin tests
for mite allergens whilst such sensitivity is found in 45-85% of asthmatic sub-
jects (Vervloet et al., 1991). There is apparently a relationship between altitude
and allergy to house-dust mites in France; Charpin et al. (1988) found that sub-
jects living in high altitude where house-dust mites are known to be uncommon
exhibit a lower prevalence of asthma and allergy to house-dust mites.

The successful treatment of asthma can be achieved in good part through
the control of house dust mites although this is often difficult and may require
vinyl covers for mattresses, hot washing of bedding, removal of carpets from
bedrooms and the use of acaracides (WHO, 1988). The use of house dust mite-
impermeable mattress covers has been shown to provide a measure of relief
but Rijssenbeek et al. (2002) found that while the use of anti-allergic mat-
tress covers results in significant reductions in D. pteronissinus concentrations
in carpet-free bedrooms, patients with moderate to severe asthma, airways
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hyper-responsiveness and clinical parameters are not affected by this otherwise
effective allergen avoidance. Custovic et al. (1996) investigated the rate of increase
in mite allergen levels in new, ordinary mattresses. They found that new mat-
tresses can become a significant source of exposure to mite allergens after a
short period of time (< 4 months); they considered that there was little justi-
fication for advising mite-sensitive patients to replace their mattresses as part
of an avoidance regime. The most effective method of prevention of house dust
mite allergies is by immunotherapy.

The public health importance of mite allergies

The number of people affected by allergies due to mite allergens is rising
throughout Europe (and indeed worldwide), impairing the health and quality
of life of a substantial proportion of children, and many adults, and placing
a significant burden on health services. The problem of asthma resulting from
exposure to house-dust mites is particularly severe in the UK and the house dust
mite is the most important environmental allergen implicated in the aetiology of
childhood asthma in the UK. Mites can be found in great numbers in bedrooms
and in bedding. Studies in other countries of Europe have also demonstrated
the importance of mites as a cause of asthma, particularly among children;
there seems little doubt that house dust mites will be shown to be of similar
importance wherever they are studied, particularly in areas of high humidity.
Their presence has little to do with the degree of cleanliness of a home. Allergies
caused by house dust mite remain a serious, if often unrealized, public health
problem throughout most of the countries of Europe.
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Cockroaches and allergies

Cockroaches are known to contain powerful allergens; many asthmat-
ics are allergic to cockroaches and in some areas cockroach sensitization is
a very important indoor allergen, second only to that of house dust mites. A
number of studies in the USA, which will be discussed in the section dealing
with that country, have shown that cockroaches are an important risk factor
for allergic asthma. However, in Europe, the prevalence of cockroach allergy
in atopic or asthmatic populations seems to be much lower than in North
America, ranging between 4.2% in Germany (Hirsch et al., 2000) and 27.8% in
France (Dubus et al., 2001). Another study in Marseille ‘determined that the
presence of Blatella germanica hypersensitivity among patients with asthma was
35% and was the most sensitive allergy after mite, grass pollens and cat aller-
gens’ (Birnbaum et al., 1995). Studies in Croatia suggested that there is no rele-
vant exposure to cockroach allergen in house dust samples from inland areas of
Croatia (Macan et al., 2003). Observations in Switzerland suggested that allergy to
cockroaches is uncommon in the country but can sometimes be detected (Mosi-
mann et al., 1992). On the other hand, among Polish children, cockroach allergen
is a very important factor of sensitivity after dust mites; concentrations of cock-
roach antigens in homes studied were higher than previously reported in other
European countries. Children with hypersensitivity to cockroach allergens have
severe asthma more often than children with other allergies (Stelmach et al,,
2002).

In Madrid, Spain, a study on the degree of importance of three species of
cockroach, Periplaneta americana, Blatella germanica and Blatta orientalis in produ-
cing allergens that resulted in rhinitis and asthma concluded that cockroach
sensitization is the most important indoor allergen in the area, and B. orientalis
accounts for most cockroach sensitization (Sastre et al., 1996).



Cockroaches and allergies

The clinical significance of allergy to cockroaches and its relation to cock-
roach allergen exposure is not, as yet, clearly understood in Europe; further
studies should be done to resolve the question of the relative importance of
cockroaches as causes of allergies and on the measures needed to reduce cock-
roach infestations in homes.
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Vector-borne disease problems
associated with introduced
vectors in Europe

Increased travel and increased exchange of goods and the manner in
which they are transported, particularly by cargo containers, has resulted in the
introduction and establishment of vector species not previously found in Europe.
The most notable example of an undesirable introduction is that of the mosquito
Aedes albopictus. This mosquito is of Asian origin, and has spread to the American
and African continents in the last two decades: it is now established in North
and South America, Africa, Oceania and Europe. Its first detection in Europe
was in Albania, in 1979 (Adhami & Murati, 1987). The species was probably intro-
duced into that country from China in the mid-1970s. The initial infestation was
likely to have been at a rubber factory adjacent to the port of Durres (Durazzo),
from where the eggs of the mosquito were inadvertently shipped in tyres to
recapping (retreading) plants in other parts of the country. This was the first
recorded infestation of Ae. albopictus outside Oriental and Australasian regions
(Adhami & Reiter, 1998). Aedes albopictus was thereafter found in Genoa, Italy in
1990 (Sabatini et al., 1990) as well as in Padua. The Padua introduction may have
resulted from tyre imports from the USA. Eighty-five per cent of the imported
tyres came from a single source in Atlanta, Georgia; the remaining 15% of the
tyres came from the Netherlands. By late 2001, Ae. albopictus has rapidly become
the most important pest mosquito species in areas of northern Italy and is now
present in 9 of Italy’s 21 political regions, i.e. Veneto, Lombardy, Emilia Romagna,
Liguria, Tuscany, Lazio, Piedmont, Campania and Sardinia. It has become a seri-
ous pest mosquito in Rome (Di Luca et al., 2001). Because of its cold tolerance
it is an active biter through much of the year even in the colder regions of
northern Italy. The species appeared in France in 1999 when it was found in vil-
lages in the Basse-Normandie and Poiou-Charentes departments. Larvae, pupae
and adults were collected in the used tyre stock of a tyre recycling company,
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importing tyres especially from the USA, Italy and Japan (Schaffner et al., 2001).
The international shipping trade of used tyres provides Ae. albopictus with an
ideal mechanism of dissemination. Ae. albopictus has also been introduced into
Belgium (Schaffner et al., 2004), Greece (Samanidou Voyadjoglou et al., 2005),
Yugoslavia and Serbia (Petric et al., 2001), Spain (Aranda et al., 2004) and Switzer-
land (Flacio et al., 2004), amongst others.

In 1996, another introduced mosquito species, Aedes atropalpus, was discovered
in the Ventao region of northern Italy, also found breeding in tyres stored at a
recapping (retreading) company importing used tyres from Eastern Europe and
North America (Romi et al., 1997); the species now appears to have been estab-
lished in Italy. Hitherto, Ae. atropalpus was known only from North America;
unlike Ae. albopictus, its distribution in Italy remains limited to the area in
which it was first found (Romi et al., 1999). Most recently Aedes japonicus, an
Asian mosquito, has been reported from Normandy in France where it was found
breeding in tyres (Schaffner et al., 2003). This same species has also been intro-
duced into the USA in 1998 and has spread very widely in that country; West
Nile virus has been isolated from Ae. japonicus in the USA.

The establishment of exotic mosquito species in Europe is a cause for serious
concern; the newly introduced species may be vectors or potential vectors of
disease and, possibly, even more efficient vectors than indigenous species of
mosquitoes. Introduced species may spread rapidly, as has occurred with Ae.
albopictus and Ae. japonicus in the USA. Both in Europe and the Americas, Ae.
albopictus has become an important pest and is a potential vector of disease.
As has been discussed, infected Anopheles vectors may be introduced by aircraft
and if infected with malaria parasites, they may transmit infections such as has
occurred with airport malaria.

As has been noted, the tick Rhipicephalus sanguineus, the vector and reservoir
host of MSF, is a southern European species; however, it is frequently found on
dogs which have returned from southern Europe where they had been taken
during holidays and they carried the tick back to their homes. There are sev-
eral instances in which introduced ticks have transmitted Rickettsia conorii in
areas outside of their normal range of distribution. There have been many find-
ings of tick species as an occasional invader in countries in which it is not
normally present and its distribution now appears to be moving north; as an
example, Rhipicephalus sanguineus has been reported in Switzerland since 1940
as an introduced species but it has now become established in the Canton of
Ticino in southern Switzerland where two different tick species co-exist, i.e. R.
sanguineus s. str. and Rhipicephalus turanicus. In this area it has been found infected
with Rickettsia and Coxiella (Bernasconi et al., 2002).

Jaenson et al. (1994) reported the frequent introductions of several tick
species into Sweden, among them Ixodes persulcatus, Hyalomma marginatum and
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R. sanguineus as well as the first European record of the American dog tick, Derma-
centor variabilis and remarked that there is a risk of the potential introduction to
Sweden of exotic pathogens with infected ticks e.g. I. persulcatus and H. margina-
tum on birds or Dermacentor species and R. sanguineus on mammals. Imported
ticks have been found in most countries of Europe although they have only
infrequently become established. Rhipicephalus sanguineus and Hyalomma detritum
were found on seven occasions in Brittany between 1975 and 1985; they were
found free in houses and on dogs, and H. detritum was also found on a man
(Couatrmanac’h et al., 1989). Argas reflexus, a pigeon tick which may cause severe
allergic reactions in humans exposed to it, has been found in many houses in
Berlin and is probably an introduced species (Dautel et al., 1991). Migrating birds
are a common source of introduction of ticks; Bjoersdorff et al. (2001) estimated
that during the spring of 1996, a calculated 581 395 Ehrlichia-infected ticks were
imported into Sweden by migrating birds. The gene sequences of the Ehrlichia
in the birds were similar to the granulocytic ehrlichiosis found in domestic ani-
mals and humans in Sweden thus demonstrating that birds have a role in the
dispersal of both ticks and disease.

Many species of arthropods are found as occasional introductions in coun-
tries in which they do not become established. Cases of the invasion of dipteran
larvae in humans i.e. myiasis, are often found on travellers returning from trop-
ical countries; among the species recorded are Cordylobia anthropophaga (the
‘tumbu-fly’), Cordylobia rodhaini, Dermatobia hominis, Hypoderma lineatum, Oestrus
ovis and Wohlfahrtia magnifica. Dermatobia hominis is generally acquired in the
American tropics and Cordylobia anthropophaga almost exclusively in Africa
though the species has been recorded in Saudi Arabia.

The sand flea (Tunga penetrans) is occasionally found infesting travellers return-
ing from Africa or South America but rarely constitutes a serious medical
problem.

Cockroaches are ubiquitous pests aboard ships and aircraft and exotic species
are quite often transferred from one country to another; some species may
become established as has Pyenoscelus surinamensis, a southeast Asian species
which has been found in a heated greenhouse in Sweden (Hagstrom & Ljungberg,
1999). Periplaneta australasiae has been recorded as introduced into the Czech and
Slovak Republics and Periplaneta brunnea and Supella longipalpa into the Czech
Republic (Kocarek et al., 1999); Periplaneta brunnea has been found infesting an
airport in the UK; the species was probably imported from the southern USA
on an aircraft and seems to have established itself in the heated rooms at the
airport (Bills, 1965).
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Factors augmenting the incidence,
prevalence and distribution of
vector-borne diseases in Europe

After decades of decline following World War II, there is now a serious
recrudescence of several vector-borne diseases in the European region; in addi-
tion the densities of some vector and potential vector populations of mosquitoes
and ticks are increasing in many areas. There has been an emergence of new
diseases and disease syndromes such as the co-infection of leishmaniasis/HIV. It
is important to understand the reasons for the recrudescence of these diseases
as a basis for their control or prevention.

Ecological changes

As elsewhere, there have been massive ecological changes over the con-
tinent of Europe in the last 50 years. These include increases in human popu-
lations and increased population densities as a result of urbanization. After
years of urban growth there has been a trend towards movement of populations
to suburban areas in more affluent countries resulting in greater exposure to
vectors and to animal reservoir hosts of infections. Changed leisure habits have
also increased exposure to vectors, especially ticks.

Unfortunately, there have been major displacements of human populations
from some countries within the region because of conflicts; the search for
economic betterment has also been the cause of population migrations. Sub-
stantial immigration has occurred from outside Europe, often from countries
endemic for vector-borne diseases. This has resulted in the frequent introduc-
tion of exotic infections and occasional secondary transmission of both tick- and
mosquito-borne diseases; there is a risk that these newly introduced infections
may become established as has occurred with West Nile virus in North Amer-
ica. Greatly increased tourism has brought with it the introduction of tropical
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diseases, particularly malaria, among persons returning from travel to disease-
endemic areas. As physicians and health-care workers are often not familiar with
the symptoms of these tropical diseases, diagnosis and treatment may be delayed.
The frequent appearance of Mediterranean spotted fever (Rickettsia conorii) in dogs
brought back from family travel to southern Europe has been discussed.

Changes in agricultural practices, especially increases in the extent of irri-
gated areas and the use of pesticides, have been the cause of important changes
in vector and potential vector population densities in rural and peri-urban areas.
The spread of rice cultivation in Italy has resulted in the reappearance of Anophe-
les labranchiae in areas from which it was previously eliminated (Bettini et al.,
1978). Reforestation has increased and caused important changes in the fauna
and flora of newly wooded areas. As has been noted above, the extension of
forested areas has increased the density of deer populations and hence the den-
sity of deer ticks and the incidence of Lyme disease (Borrelia burgdorferi s. 1.) and
babesiosis.

Documented increases in the incidence of tick-borne encephalitis over the last
decades have been reported from Belarus, the Czech Republic, France, Germany,
Latvia, Lithuania, Poland, Russia, the Slovak Republic, Sweden and Switzerland.
It is generally agreed that the rising trend in tick-borne encephalitis (TBE) inci-
dence in central and northern Europe has resulted from increased densities of
the vector tick, Ixodes ricinus. In France, where there has been a notable increase
in TBE incidence in the region of Lorraine since the mid 1990s, the prolifera-
tion of ticks is a major factor in the increased incidence of cases, and is mainly
due to a modification of the ecosystem (George & Chastel, 2002). In the area of
St. Petersburg, Russia the increase in incidence of TBE is ascribed to changing
recreational habits which bring people into greater contact with ticks (Antykova
& Kurchanov, 2001).

Virtually all of these changes have had an impact on the distribution and inci-
dence of the vector-borne diseases; some of the ecological changes have resulted
in a decline in vector-densities and of the vector-borne diseases as was the case
with malaria at the end of the nineteenth century. Other ecological changes have
resulted in increased vector densities and greater exposure of human popula-
tions to them. These changes will continue and will require continued surveil-
lance of vector and potential vector population densities and of the possible
appearance of vector-borne diseases.
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The potential effect of climate change
on vector-borne diseases in Europe

The International Council of Scientific Unions and the Intergovernmen-
tal Panel on Climate Change established by the World Meteorological Organi-
zation and the United Nations Environmental Programme, have estimated that
by the year 2100, average global temperatures will have risen by between 1.0
and 3.5°C. Important ecological changes may come about in the future due to
global warming. Globally, 1998 was the warmest year and the 1990s the warmest
decade on record. The distribution and seasonality of diseases that are transmit-
ted by insects or ticks, are very likely to be affected by climate change. Such
increases in temperatures in Europe might allow the establishment of tropical
and semitropical vector species, permitting transmission of diseases in areas
where low temperatures have hitherto prevented their over-wintering. Kovats et
al. (1999) have pointed out that for the last few decades, Europe has experienced
significant warming and this is likely to continue. A change in the distribution
of important vector species may be among the first signs of the effect of global
climate change on human health. Indeed, there is evidence that the distribu-
tion of tick vectors in Sweden has expanded to the north between 1980 and 1994
as reported by Lindgren et al. (2000), and that this is consistent with observed
changes in climate. The Swedish study indicated that the reported northern shift
in the distribution limit of ticks was related to fewer days during the winter
seasons with low minimum temperatures below — 12 °C. At high latitudes, low
winter temperatures had the clearest impact on tick distribution; in the south
of the country, the increased temperatures resulted in increased tick population
densities.

Another consequence of the warmer weather in Sweden has been an increase
in the incidence of tick-borne encephalitis; the number of cases has substantially
increased since the mid 1980s. Lindgren & Gustafson (2001) believe that this is
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associated with increased tick abundance, a longer life-span of the tick vectors
(Ixodes ricinus), more persons visiting endemic areas and increases in host ani-
mal abundance. Randolph (2001) believes that increased incidence in tick-borne
encephalitis in northern Europe is related to climate change, either directly
by increasing tick population densities or indirectly, in that warmer weather
in spring and autumn may permit longer activity seasons for both ticks and
humans, which is likely to be the most important factor in northern regions
such as Scandinavia, where prolonged low temperatures are limiting factors for
tick development and activity.

Global warming may have a more immediate effect on mosquito populations
and only later on mosquito-borne diseases. With increased average temperatures,
the length of the breeding seasons for mosquito populations could be extended
and population densities would increase. Warmer northern climates could cause
an expansion of distribution of species now found only in warmer climates.
Should these changes occur, it seems likely that the distribution of mosquito-
borne diseases would also subsequently expand.

There is concern about the possible recrudescence of malaria transmission
with rise of temperatures in Europe. Such a recrudescence has already been seen
in eastern Europe. In light of the constant introduction of malaria cases from
endemic countries, local transmission could reoccur in western Europe if there
were substantial increases in the densities of vector populations. Increased tem-
peratures would also favour the development of Plasmodium falciparum in regions
where temperatures have been too low to permit completion of its development
cycle. Although the well-established surveillance programmes throughout West-
ern Europe should provide adequate warning of any marked increase in malaria
incidence and allow for the organization of effective control operations, even a
modest re-establishment of transmission would prove costly in terms of medical
care and control operations. In eastern Europe where recrudescence of malaria
transmission has occurred, the health services of some countries have had only
limited success in containing malaria transmission and there is a need for donor
support of surveillance and control operations.
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The rodent-borne diseases of Europe

Rodents are implicated in the epidemiology of many of the vector-borne
diseases in Europe; this chapter will consider only those infections that are
directly transmitted from rodents to humans. This group of infections is of
considerable importance to human health.

Few other animal groups live in closer contact with man than rodent popu-
lations and particularly the commensal rodents. Rodents are the largest family
of mammals with some 1500 species divided into 30 families. Rodents are found
native on all continents except Antarctica. Globally, rodents are of immense
importance both because of their depredations on crops, the structural damage
they may cause and as carriers of disease.

The hantaviruses

Hantaviruses, the causative agents for haemorrhagic fever with renal
syndrome (HFRS) and hantavirus pulmonary syndrome (HPS), are viruses in the
genus Hantavirus of the family Bunyaviridae with a worldwide distribution; there
are some 25 distinct viruses in the group. Hantaviruses are not known to be trans-
mitted by an arthropod vector. The natural hosts of these viruses are rodents.
Hantavirus virions are excreted from infected rodents via saliva, urine and fae-
ces, and humans may become infected through inhalation of aerosols of dried
excreta, inoculation through the conjunctiva, or entry through broken skin or
rodent bites.

Haemorrhagic fever with renal syndrome is a group of clinically similar dis-
eases that occur throughout Eurasia. It is mainly seen in Europe and Asia; one
causative agent, the Seoul virus, is found worldwide and has been associated
with cases of HERS in the USA. The epidemiology and clinical manifestations of
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these diseases are linked to the ecology of their associated rodent hosts. Murine
rodents (Old World mice and rats) are associated with the severe forms of HFRS
in Asia and the Balkans due to hantaan, Dobrava and Seoul viruses. Arvicol-
ine rodents (voles) are associated with a mild form of HFRS in Europe called
nephropathia epidemica due to Puumala virus (Khan & Khan, 2003). HFRS is
also caused by the hantaan virus in China, Russia and Korea, the Puumala virus
in Europe, Russia and Scandinavia, and the Dobrava virus in the Balkans. The
very severe hantavirus pulmonary syndrome (HPS) has been reported only from
the Americas and will be described below.

During the 1950s, hantavirus carried by the striped field mouse (Apodemus
agrarius) caused approximately 3000 cases of Korean haemorrhagic fever among
United Nations troops participating in the Korean conflict. The aetiologic agent,
defined as hantaan virus, was first isolated in 1977 from the rodent reservoir
host and was named after the Hantaan River which runs along the 38th parallel
which divides North Korea from South Korea. A similar disease was described
in 1934 in Scandinavian countries (epidemic nephrosonephritis, nephropathia
epidemica or nephropathy). Since 1982, similar clinical manifestations of the
disease, differently named in various parts of the world, have been assigned one
unique name - haemorrhagic fever with renal syndrome, as recommended by
the World Health Organization; over 20 other hantaviruses from rodent species
in Asia, Europe and the Americas have been serologically or genetically charac-
terized. Currently, the worldwide infection rate of hantaviral disease is estimated
to exceed 200000 cases annually. The majority of these cases are HFRS which
occurs in eastern Europe and central and eastern Asia. Each species within the
genus Hantavirus is primarily associated with a single rodent species, although
accidental infections have been reported in other mammals. Four primary reser-
voir hosts for hantaviruses are found in Europe: the brown rat (Rattus norvegicus),
Seoul virus; the bank vole (Clethrionomys glareolus), Puumala virus; the yellow-
necked mouse (Apodemus flavicollis), Dobrava virus; and the common vole (Micro-
tus arvalis), Tula virus (Scharninghausen et al., 1999).

Hantaviruses are widely endemic in Europe; several strain types with some
human pathogenicity, i.e. Puumala, Dobrava and Saaremaa, have been reported;
hantavirus is suspected to be the prevailing cause of renal failure associated
with infectious diseases in Central Europe (Faulde et al., 2000).

Puumala virus

The following description of the importance of Puumala virus is taken
from Clement et al. (1997). The Puumala serotype, carried by the bank vole
(Clethrionomys glareolus), is the most important western and central European
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serotype, with at least 1000 serologically confirmed nephropathia epidemica
cases per year in Finland and hundreds per year in Sweden. The number of docu-
mented cases in other European countries was more than 1000 in the former
Yugoslavia, 531 in France by the end of 1994, approximately 250 in Belgium
by the end of 1996, some 200 in Germany by the end of 1995, 138 in Greece
by the end of 1993, and 39 in the Netherlands by the end of 1994. In Germany,
the seroprevalence from Puumala and Dobrava viruses in the normal German
population is about 1%. In professionally exposed risk groups, e.g. forest work-
ers, a seroprevalence higher than that in the normal population was observed.
Endemic regions for hantavirus infections are located mainly in Baden-
Wurttemberg. In the years 2001-2003 an annual number of about 200 clinically
apparent hantavirus infections were reported in Germany (Ulrich et al., 2004)
and the number of cases annually has shown a rising trend.

In the former Soviet Union, hantavirus disease has been recognized since
1934 and officially registered since 1978. Seroprevalence studies carried out
by immunofluorescence assay or direct blocking radioimmunoassay involving
115765 persons showed an overall seropositivity rate of 3.3%, ranging from
3.5% in the European part to 0.9% in the far eastern part. A total of 68612
cases were registered between 1988 and 1992 (65906 from the European part
and 2706 from the far eastern part), with morbidity rates of 1.2 (1982) to 8.0
(1985) per 100000 inhabitants. The peak year was 1985 with 11413 registered
cases. In the European part of Russia, most cases were due to milder infec-
tion with Puumalarelated viruses, with mortality rates of 1% to 2% (Clement
et al., 1997).

In Europe, the parallel spread of Puumala and hantaan (HTN, or HTN-like)
viruses has been noted in Belgium and the Netherlands, Germany and Euro-
pean Russia. A partial explanation could be that the HTN-like infection is due to
serologic cross-reaction with Seoul virus. The brown rat (Rattus norvegicus) is the
only hantavirus reservoir host with a worldwide distribution, including Europe,
and Seoul infections are probably underestimated. The first documented han-
tavirus disease in Portugal was an HTN-like infection with acute renal failure
and icterus. In Portugal Clethrionomys glareolus is not common but hantavirus-
seropositive wild rats have been documented. Sixteen cases of acute disease,
mostly with acute renal failure and reacting almost exclusively against a SEO
strain have been described in Northern Ireland, another country where C. glare-
olus is not prevalent, but the most important hantavirus vector seems to be R.
notrvegicus. In France, three Seoul-induced cases of acute renal failure have been
reported south of the Puumala-endemic region, from rural areas where the rat
is an agricultural pest. Between December 1991 and February 1992, 14 Seoul-like
cases were detected in the Tula region (300 km south of Moscow) and confirmed
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by plaque reduction neutralization tests and positive virus isolation in three of
the cases; these cases are awaiting further confirmation.

An exceptionally large increase in hantavirus infections has been detected
simultaneously in Belgium, Germany and France since spring 2005. The follow-
ing information regarding this increase is taken from Mailles et al. (2005).

From 1 January to 15 June 2005, 120 cases were reported in Belgium and 115
cases in France. In Germany, 258 laboratory-confirmed hantavirus cases were
reported between 1 January and 30 June, and in contrast to previous annual
trends, the increase in cases occurred earlier in the year. The total number of
cases for 2003 and 2004 was respectively 122 and 47 in Belgium and 128 and 55
in France. In Germany the number of reported cases for 2003 and 2004 from 1
January to 30 June was 72 and 64 respectively. In 2005, most cases were in men;
the male: female sex ratio was 3.0 in Belgium, 3.4 in France and 2.5 in Germany.
Their mean age was around 41 years in all three countries: 42.9 (range: 11-82
years) in Belgium, 42.8 (range: 16-83 years) in France and 40.9 (range: 5-75 years)
in Germany. In Germany, most infections were caused by the hantavirus species
Puumala (n = 212, 82%); 5 infections (2%) were caused by Dobrava and for 41
cases the causative virus was not specified.

In Belgium, the area most affected in this outbreak was Luxembourg province,
where there were 34 cases, an incidence of 2.0/100 000 inhabitants, followed
by Liége province (27 cases, 2.6/100000) and the Namur province (25 cases,
5.5/100000). A large number of cases in Liege province was observed in 2003.
In Belgium, hantavirus epidemics are characterized by a minor spring peak and
a major summer peak, and so a further increase in the registered number of
cases was anticipated for 2005. According to local health professionals, part of
this increase is due to a greater awareness among health professionals and a
higher recourse to hantavirus testing.

Since 1980, over 1200 cases have been diagnosed in Belgium, and outbreaks of
hantavirus infections in humans have been described in 1985, 1990, 1991, 1993,
1996, 1999, 2001 and 2003, with most cases having onset in summer. Known
endemic areas are the provinces of Hainaut, Namur and Luxembourg.

Most of the 2005 cases in France are in the Ardennes (40 cases, 13.8/100 000)
and the Aisne administrative départements (18 cases, 6.9/100000) in north-
ern France, bordering on Belgium. The département of Jura bordering on
Switzerland is also an epidemic area, with 13 cases to 15 June 2005 (5.2/100 000).
Since 1980, over 1000 cases of hantavirus infection have been diagnosed in
France. Hantavirus outbreaks have been described in 1985, 1990, 1991, 1993,
1996, 1999 and 2003, with most cases having onset in summer. The known
endemic areas in previous years have been northeastern France, along the
Belgian and German borders (in the administrative départements of Ardennes,



The rodent-borne diseases of Europe

Aisne, Nord and the administrative regions of Lorraine, Picardie and Franche-
Comté). Clusters of hantavirus infections had rarely been reported in the Jura
before 2005.

The increase of hantavirus infections in Germany between 1 January and 30
June 2005 was also seen in federal states such as Nordrhein-Westfalen, Nieder-
sachsen and Hessen, that had not had high hantavirus prevalence in previ-
ous years. The federal states most affected were Nordrhein-Westfalen (92 cases,
0.5/100 000), Niedersachsen (51 cases, 0.6/100 000), Baden-Wiirttemberg (46 cases,
0.4/100 000), Hessen (23 cases, 0.4/100 000) and Bayern (23 cases, 0.2/100 000).

In Germany, the average incidence for hantavirus infections over the time
period 2001-2004 was 0.25/100 000 persons. An increase in hantavirus infections
was observed in 2002 and 2004. In both years the increase was due to out-
breaks in a known endemic area of Baden-Wurttemberg, and an outbreak of 38
cases also occurred in Niederbayern in 2004. In Germany, the known regions
with higher prevalence of human hantavirus infections are Schwébische Alb in
Baden-Wurttemberg and parts of Unterfranken in Bavaria. Hantavirus infection
became a notifiable disease in Germany with the introduction of the Infektion-
sschutzgesetz (the Protection against Infection Act) in 2001.

In many forest and agricultural regions of Belgium, France and Germany, a
significant increase in the population density of rodents, especially voles, has
been observed since the autumn of 2004, with no sign of this increase abating.

In the Balkans, and particularly in the former Yugoslavia, outbreaks of han-
tavirus disease have been recorded since the early 1950s, often with a mortality
rate of 5-10% or even higher. The elevated rates of illness and death in early
reports suggests the spread of one (or several) hantaviral strains, in addition
to the mild Puumala serotype prevalent in the rest of Europe. These HTN-like
viruses were later called Plitvice and Fojnica. In 1987, an HTN-like virus (Porogia)
was isolated from the urine of a Greek soldier who became ill after a military
exercise near the border in northern Greece and had both acute renal failure
and severe pulmonary oedema. Dobrava virus is probably identical to Belgrade
virus reported in the Balkans.

Dobrava virus

Dobrava virus is probably the most virulent of the European han-
taviruses. The severity of Dobrava-associated HFRS can reach fatality rates of
up to 12%, as has been reported from southeast Europe in Croatia, Greece and
Slovenia. An increasing number of cases of Dobrava virus are being identified
in Germany and elsewhere in central Europe where their virulence appears to
be less serious than in the Balkans. They may be a different strain of the virus,
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since the central European Dobrava virus infections have a different, less severe
clinical outcome. However, Schutt et al. (2004) reported on a female patient from
northern Germany, who suffered primarily from severe acute respiratory distress
syndrome-like pulmonary failure due to Dobrava hantavirus infection that was
complicated by acute renal insufficiency. The reservoir hosts of Dobrava virus
are the yellow-necked mouse (Apodemus flavicollis) and the striped field mouse
(A. agrarius) and probably the wood mouse (A. sylvaticus).

Saaremaa virus

There are few available data about the clinical picture of Saaremaa
infections, but epidemiological evidence suggests that it is less pathogenic than
Dobrava virus, and more similar to nephropathia epidemica caused by Puumala.
Along with its rodent host the bank vole (Clethrionomys glareolus), Puumala is
reported throughout most of Europe (excluding the Mediterranean region),
whereas Dobrava, carried by the yellow-necked mouse (Apodemus flavicollis), and
Saaremaa, carried by the striped field mouse (A. agrarius), are reported mainly
in eastern and central Europe. Whereas Puumala is distinct, Dobrava and Saare-
maa are genetically and antigenically very closely related and were previously
thought to be variants of the same virus (Vapalahti et al., 2003) but are now
considered as unique serotypes.

Lymphocytic choriomeningitis virus

Lymphocytic choriomeningitis is a rodent-borne arenavirus infectious
disease that may cause aseptic meningitis (inflammation of the membrane, or
meninges, that surrounds the brain and spinal cord), encephalitis (inflamma-
tion of the brain), or meningoencephalitis (inflammation of both the brain and
meninges). Asymptomatic infection or mild febrile illnesses are common clinical
manifestations. Its causative agent is the lymphocytic choriomeningitis virus, a
member of the family Arenaviridae, first isolated in 1934 in the USA.

Lymphocytic choriomeningitis infections have been reported in Europe, the
Americas, Australia and Japan, and may occur wherever infected rodent hosts
of the virus are found. The disease has historically been under-reported, often
making it difficult to determine incidence rates or estimates of prevalence
by geographic region. Several serologic studies conducted in urban areas have
shown that the prevalence of lymphocytic choriomeningitis infection among
humans ranges from 2% to 10%. Cases have been reported from France, Germany,
Hungary, the Netherlands, Russia, the Slovak Republic, Spain, Switzerland, the
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UK and the Ukraine; the number of cases reported from each country is generally
small.

Lymphocytic choriomeningitis is naturally spread by the common house
mouse, Mus musculus. Once infected, mice can become chronically infected by
maintaining virus in their blood andfor persistently shedding virus in their
urine, a common characteristic of arenavirus infections in rodents. Chronically
infected female mice may transmit infection to their offspring, which in turn
become chronically infected. Humans become infected by inhaling infectious
aerosolized particles of rodent urine, faeces or saliva, by ingesting food con-
taminated with virus, by contamination of mucous membranes with infected
body fluids, or by directly exposing cuts or open wounds to virus-infected
blood. Person-to-person transmission has not been reported, excepting vertical
transmission from an infected mother to foetus. Often human infections may
be associated with laboratory mouse colonies or with pet mice or hamsters
procured from pet shops.

Bacterial diseases

Rodent-borne leptospirosis

Leptospirosis, a spirochaetal infection, causes a wide spectrum of dis-
ease ranging from asymptomatic infection, or influenza-like symptoms, to severe
jaundice and renal failure. Humans become infected through skin or mucous
membrane contact with infected animal urine or urine-contaminated water or
soil. The most common source of human infection worldwide is rats, although
other animals may also be sources. Pathogenic leptospires live in the kidneys
of the rodent host and are excreted in the urine. Five to ten per cent of
those infected will have severe leptospirosis with jaundice, known as Weil’s dis-
ease. Leptospirosis is probably the most widespread zoonotic infection in the
world and the WHO has estimated that there are about 5 million human cases
and some 1000 deaths worldwide annually, due to infection by Leptospira (23
serogroups and more than 200 serovars). It remains under-diagnosed largely
due to the broad spectrum of symptoms. The reported incidence of leptospirosis
reflects the availability of laboratory diagnosis and the clinical index of suspi-
cion as much as the incidence of the disease. Symptoms in humans can range
from benign to severe febrile disorder, to kidney and/or liver failure, to internal
haemorrhaging and death (5-20%, but fatalities of 50% have been reported).

Clear descriptions of leptospiral jaundice can be recognized as having
appeared earlier in the nineteenth century. It has been suggested that Leptospira
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interrogans serovar icterohaemorrhagiae was introduced to western Europe in the
eighteenth century by westward extension of the range of the brown rat (Rat-
tus norvegicus) from Eurasia (Alston & Broom, 1958). In Europe, serovars copen-
hageni and icterohaemorrhagiae, carried by rats, are usually responsible for
infections.

Occupational risk groups include sewage workers, miners and persons
engaged in livestock farming. Persons involved in water sports may be at risk
if water courses have been contaminated by infected urine from rodents or
livestock.

The infection is present in most countries of Europe but the overall incidence
is generally not high. However, there are some areas with concentrations of
cases and where a high mortality has been reported; in the period 1994-1996,
222 cases of leptospirosis were reported in Italy with an overall fatality rate of
22.6% (Ciceroni et al., 2000). Five out of eleven brown rats (R. norvegicus) trapped
in the most ancient urban area of Rome along the Tiber were found positive
for Leptospira (Pezzella et al., 2004). Among the 118 confirmed cases in Denmark
from 1970-1996, the fatality rate was 7% (Holk et al., 2000). The rate of infection
of rodents in endemic foci may be as high as 30%. In Germany, after a steady
decrease of leptospirosis incidence from 1962 to 1997, surveillance data indicate
an increase in disease incidence to 0.06/100 000 (1998-2003). Of the cases, 30%
were related to occupational exposure whereas residential exposure accounted
for 37%. Direct contact with animals, mostly rats and dogs, was observed in 31%
of the cases. The recent changes in transmission patterns of leptospirosis appear
to be partially caused by an expanding rat population and the resurgence of
canine leptospirosis (Jansen et al., 2005),

Rat bite fever

The causative agent of this disease in Europe is Streptobacillus monili-
formis, a gram-negative bacterium found in various laboratory and wild animal
species; the human disease is also known as Haverhill fever. Contact with the
saliva or faeces of rats can lead to infection, and fever accompanied by headache,
nausea and myalgia develops within 10 days. Complications can be fatal. The
infectious agent can also be transmitted from pet rats and species of gerbils.
Less commonly transmission may occur through the ingestion of raw milk con-
taminated by rodent faeces or urine; such an epidemic occurred among 130
school children in the UK in 1983 (Shanson et al., 1983).

Although the infection is rare, it has been reported from several countries
in Europe including Belgium, Denmark, France, Germany, Greece, Netherlands,
Norway, Spain, Sweden, Switzerland, Spain and the UK. Engel (1949) reported
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that at the time of the study, two-thirds of the laboratory and wild rats in Sweden
carried the causative agent in their intestines. Physicians should be aware of the
possibility of this infection among persons at occupational risk of exposure to
rodents such as farmers or sanitation workers or among persons who have been
exposed to laboratory or pet rodents.

Rodent-borne salmonellosis

A large number of serotypes of the genus Salmonella are pathogenic
for both humans and animals; S. typhimurium is the most commonly reported
serotype. Many different species of animals serve as reservoir host of Salmonella
and while rodents are not the main reservoir host, there is ample evidence
to show that their importance is considerable both in transmitting the organ-
ism to man by contamination of food or water or transmitting the infectious
agents to other animal species which in turn may transmit to man (Gratz,
1988). While rodents may not be the main reservoir hosts of Salmonella, rats
and other rodents are frequently found infected and may contaminate human
foodstuffs or water and thus transmit the infection. In 1982, only a low pro-
portion of 91 R. norvegicus caught in the sewers of Lyon, France were carriers of
S. typhimurium (6%) (Seguin et al., 1986). In the UK only rarely were more than 10%
of the rodents found to carry Salmonella. The organisms were mostly cultured
from spleen or liver and less than 3% of the animals were found to carry these
organisms in the intestine. Ironically, the extensive use of the so-called ‘virus’
rodenticides (consisting of Salmonella cultures) in the first half of the twentieth
century increased the prevalence of Salmonella carriage in rodents and was a
hazard to human health. Although rodents certainly acted as sources of human
Salmonella infection in the UK in the past, their role has probably never been
great (Healing, 1991). A more recent study by Hilton et al. (2002) in the West
Midlands of the UK found Salmonella in 10% of the rectal swabs taken from
R. norvegicus.

Salmonella enterica serotypes Typhimurium and Enteritidis have been used as
rodenticides since the late nineteenth century. Researchers soon realized that
the strains of S. typhimurium used as rodenticides were identical to strains causing
‘meat poisoning’ and might cause disease among humans. Use of S. typhimurium
rodenticides was discontinued early in the twentieth century, but S. enteritidis
continued to be used as a rodenticide in the UK and Denmark until the early
1960s. In 1954 and again in 1967 the WHO recommended that Salmonella-based
rodenticides not be used because they posed a hazard to human health stating:
‘. .. that salmonellas should under no circumstances be used as rodenticides.
Rodents rapidly develop resistance to Salmonella serotypes; thus, this method
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has little practical value. Moreover, it has been shown in different countries
that such practices are a public health hazard because the serotypes used are
dangerous to man’ (WHO/FAO, 1967).

In spite of these recommendations, Salmonella-based rodenticides are still pro-
duced and used in Central and South America and in Asia. ‘Biorat’ (Labiofam,
Cuba), one Salmonella-based rodenticide currently used in several countries, is
made by coating rice grains with a combination of S. enteritidis and warfarin.
Currently, the Biorat product label offers no warning regarding the risk for
human salmonellosis. Indeed, product information indicates that this product
contains a strain of Salmonella that is pathogenic to animals but not to humans
(Painter et al., 2004).

Protozoal diseases

Toxoplasmosis

Toxoplasma gondii is an intracellular coccidian parasite and one of the
most common parasitic diseases of animals and man. The definitive hosts for
the parasite are members of the Felidae family, mainly cats. Toxoplasma gondii is
of primary importance since the range of intermediate hosts which can become
infected encompasses virtually all warm-blooded animals, including humans.
Although infection with T. gondii is extremely common, it is rarely a cause of
significant disease in any species. It has been estimated that 30-50% of the
world’s human population has been infected with Toxoplasma and harbours the
clinically unapparent cyst form. Intrauterine infection is the most serious; infec-
tion of the foetus may take place when the mother acquires a primary infection
in the second trimester of pregnancy. Approximately 10-20% of pregnant women
infected with T. gondii show clinical signs.

Cats may become infected by eating raw meat, birds, mice and other small
rodents including rats containing oocysts or by ingesting oocysts from faecal
contamination. Toxoplasma gondii-infected rats are important in the epidemiol-
ogy of toxoplasmosis because they can serve as reservoirs of infection for pigs,
dogs and cats (Dubey & Frenkel, 1998); a high prevalence of T. gondii was found
recently in Rattus norvegicus on farms in England, suggesting that Toxoplasma
infections can be perpetuated in wild rodent populations without the presence
of cats (Webster, 1994); Toxoplasma gondii infection may enhance the likelihood of
infected rats being predated by cats. The very high incidence of human infection
with toxoplasmosis in France and other countries in Europe is thought to result
from the consumption of undercooked and raw meats rather than through con-
tact with cats.
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Thus while the prevalence of toxoplasmosis in Europe is very high, most
infections are subclinical; the public health importance of the infection lies in
the risk to pregnant mothers.

Rodent-borne cestode infections

Hymenolepiasis

Hymenolepiasis is caused by two cestode (tapeworm) species, Hymenolepis
nana (the dwarf tapeworm, adults measuring 15-40 mm in length) and H. dimin-
uta (rat tapeworm, adults measuring 20-60 cm in length). Hymenolepis diminuta is
a rodent cestode infrequently seen in humans but frequently found in rodents;
H. diminuta occurs throughout the world. In rare instances, it can infect humans,
when by accidental ingestion of infected arthropods, cysticercoids find their way
to the small intestine. Rats and other rodents are usually H. diminuta’s defini-
tive targets and natural hosts. Coprophilic arthropods (e.g. fleas acquired when
childen kiss or fondle animals), act as obligatory intermediate hosts. When the
infected arthropod is eaten by the definitive host, cysticercoids present in its
body cavity develop into an adult worm, and its eggs are eliminated in faeces.
Hymenolepis diminuta human infection is rather uncommon. Surveys of differ-
ent populations have reported parasitization rates ranging between 0.001% to
5.5% (Tena et al., 1998). Cases of H. diminuta have been reported from Italy, Spain
and Russia in Europe but are rare and the tapeworm is of no public health
importance.

Eggs of H. nana are immediately infective when passed with the stool and
cannot survive more than 10 days in the external environment. When eggs are
ingested by an arthropod intermediate host (various species of beetles and fleas
may serve as intermediate hosts and may be ingested by children especially when
playing with pets), they develop into cysticercoids, which can infect humans or
rodents upon ingestion and develop into adults in the small intestine. Hymenolep-
sis nana is the most common cause of all cestode infections, and is encountered
worldwide. In temperate areas its incidence is higher in children and institu-
tionalized groups.

Echinococcus (hydatid disease)

Two species of Echinococcus are known to occur in central Europe, E. mul-
tilocularis and E. granulosus, causing the alveolar and the cystic form of echinococ-
cosis in humans, respectively. Infestation by the larvae of E. multilocularis is
the most dangerous life-threatening parasitic disease of man in central Europe.
The mortality of the disease exceeds 95% in untreated or inadequately treated
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patients. This is due to its location in the liver but still more so because of
the proliferative and infiltrating growth of the larval tissue. Recent studies have
shown that in central Europe E. multilocularis occurs further north, south and
east than previously believed. This parasite is endemic in Austria, Belgium, the
Czech Republic, Finland, France, Germany, Greece, Liechtenstein, Luxembourg,
the Netherlands, Switzerland and Poland. The prevalence rates of E. multilocularis
in foxes (Vulpes vulpes), the principal definitive host, are alarmingly high in some
areas with average rates > 40%. Infection rates in dogs and cats are much lower.
In recent years accidental infections with the metacestode stage of E. multiloc-
ularis have been observed in various animal species (dogs, domestic pigs, wild
boar, nutria or coypu (Myocaster coypus), and monkeys) and in humans. The inter-
mediate hosts are microtine rodents and occasionally house mice (Mus musculus).
The mean annual incidence rates of alveolar echinococcosis in humans are low
varying between 0.02 and 1.4/100 000 inhabitants in several European countries
and regions.

Concern is growing in Europe about alveolar echinococcosis resulting from
the increase in grassland rodent and red fox (Vulpes vulpes) populations, the
intermediate and definitive hosts of the agent, respectively. A study by Viel et al.
(1999) confirmed that human alveolar echinococcosis is strongly influenced by
the densities of arvicolid species. Foxes, which feed almost exclusively on grass-
land rodents, could mediate this relation when the latter expand.

In France infestations of E. multilocularis have been found in the water vole
Arvicola terrestris in the Auvergne (Deblock & Petavy, 1983) and in the bank vole
(Clethrionomys glareolus) and in the cuates vole, Arvicola terrestris in the Lorraine
and in the common vole (Microtus arvalis) in the Jura region (Bonnin et al., 1986).
In Switzerland, 388 foxes (Vulpes vulpes) from Zurich were examined for intesti-
nal infections with E. multilocularis and other helminths. The prevalence of E.
multilocularis in foxes sampled during winter increased significantly from 47% in
the urban to 67% in the adjacent recreational area. Ten of these foxes (8%) were
infected with more than 10 000 specimens and carried 72% of the total biomass
of E. multilocularis (398 653 worms). In voles (A. terrestris) trapped in a city park
of Zurich, E. multilocularis metacestodes were identified by morphological exam-
ination and by PCR. The prevalence was 20% among 60 rodents in 1997 and 9%
among 75 rodents in 1998 (Hofer et al., 2000).

An extensive review of the data on alveolar echinococcosis in Europe was
made by Kern et al. (2003). The study confirmed that infection with this parasite
is still dangerous. A low annual incidence persists in the previously known foci.
However, case reports from regions remote from the core area indicate that the
disease is spreading. All regions with a proven occurrence of E. multilocularis
in red foxes (Vulpes vulpes) indicate a ‘potential risk area’, irrespective of the
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magnitude of prevalence rates. This view is the basis for the current concept
of a continuous distribution of the parasite in Europe from central France to
Poland.

Rodent-borne nematode infections

Trichinosis

Trichinella spiralis is a nematode worm that is passed between carnivores
as a result of eating larvae inside muscle tissues. The parasite normally cycles in
rodents (rats and mice). Infection in cats and pigs will result if they eat infected
mice or other rodents. Pigs are the most commonly consumed reservoir hosts. If
humans then eat infected pig meat, the larvae mature into worms in the small
intestine and release eggs and larvae into the blood. The larvae travel from the
blood into muscle tissues. This causes the symptoms of trichinosis, fever and
muscle pain. Animals can become a source of infection for other animals when
larvae inside the muscle are eaten.

The infection in Europe is endemic in Spain, France, Italy, Latvia, Lithu-
ania, Poland, Russia and the countries of the former Yugoslavia. The incidence
in Europe has been low because of mandatory inspection of pork for Trichinella
species. Infection with T. spiralis is rare in those countries that have adopted
laws limiting the feeding of raw garbage to commercially raised pigs. Infections
in western Europe usually now result from consumption of pork products origi-
nating in eastern Europe where swine herds currently have a 50% prevalence of
trichinosis, and thousands of human cases have been documented (WHO, 2001b).

The re-emergence of a domestic cycle has been due to an increased prevalence
of T. spiralis, which has been primarily related to a breakdown of government
veterinary services and state farms (e.g. in countries of the former USSR, Bulgaria,
Romania), economic problems and war in countries of the former Yugoslavia;
this has resulted in a sharp increase in the occurrence of this infection in swine
herds in the 1990s, with a prevalence of up to 50% in villages in Byelorussia,
Croatia, Latvia, Lithuania, Romania, Russia, Serbia and the Ukraine, among other
countries (Pozio, 2001). In the past 7 years (1998-2004), 247 cases have been
reported in Latvia. Annual case numbers peaked in 2000 with 91 cases, which
included four outbreaks involving a total of 77 cases. In the period 2001-2004,
the number of cases reported annually has remained steady (range: 20-24), with
an incidence of between 0.7 and 1/100 000 inhabitants. In the last 5 years, cases
of trichinellosis have been identified in all the age groups above 1 year old,
(Perevoscikovs et al., 2005).

Studies in Croatia (Stojcevic et al., 2004) found that T. spiralis-infected Rat-
tus norvegicus was present only on farms with T. spiralis-positive pigs and low
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sanitation or formerly with low sanitation, yet no infected rat was detected on
farms with T. spiralisnegative pigs. The finding that no infected rat was found
on farms with T. spiralis-negative pigs suggests that, in the investigated area, the
brown rat is not a reservoir host but only a victim of improper pig slaughtering.

Conclusions

Rodent-borne diseases, and those in which rodents are implicated
in the epidemiological cycle of infection, are of considerable importance in
Europe. The incidence and severity of haemorrhagic fever with renal syn-
drome in Europe is growing. Taking into consideration the importance of
rodents in the epidemiological cycle of Lyme disease and of a group of
other newly emerging infections such as ehrlichiosis, the incidence of rodent-
associated infections in Europe is already considerable and their importance is
growing.
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The economic impact and
burden of vector- and rodent-borne
diseases in Europe

Obtaining economic data about the incidence and prevalence of disease
are essential for estimating the costs and benefits of strengthening and main-
taining prevention and control programmes, improving existing surveillance sys-
tems, and introducing other proposed interventions, such as vaccines. To ascer-
tain the financial costs to countries and individuals of vector and rodent-borne
diseases many different aspects must be taken into account; one would have to
determine the medical costs to the affected person which would include medi-
cal care, the costs of hospitalization, if necessary, and the cost of losses in pro-
ductivity caused by illness and premature death. The costs to local or national
governments might include all aspects of medical care depending on the health
system of the given country or community, the cost of epidemiological investi-
gations and the costs involved in the control of the arthropod vectors or rodent
reservoir hosts of disease. The number of mosquito control organizations in
Europe is rapidly growing while other groups are responsible for the control of
tick vectors. An attempt to determine such costs would be a major undertaking
and beyond the scope of this book. Nevertheless such costs are real and are a
severe ‘burden’ on the individual and on the community. Some examples will
be given below of instances in which the costs of vector- or rodent-borne disease
outbreaks have been calculated.

Costs associated with arboviruses

Information has been given earlier on the general increase in tick-
borne encephalitis (TBE) incidence in the Czech Republic in the 1990s; people
at risk are encouraged to have a vaccination against the infection. Vaccines
against TBE in the Czech Republic cost about US $ 10 a dose in 1991 and about
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250000 doses are sold yearly. Tick-borne encephalitis vaccination is not a part
of the immunization programme in any of the countries in the region, but in
Latvia children in high endemic areas have been offered free TBE vaccines. Nor-
mally, the cost of vaccines has to be covered by people themselves or by their
employers.

In Austria and in Sweden, a defined post-encephalitic TBE syndrome is
present, causing long-lasting morbidity that often affects the quality of life and
sometimes also forces the individual to a change in life-style. The sequelae render
high costs for individual patients and society.

The epidemic of West Nile virus in Romania in 1966 was certainly very costly
to the country in terms of medical costs to the state and to individuals and
their families but no information is available on the actual expenditures made
during the severe outbreaks nor the costs to the affected individuals or their
families.

Costs associated with malaria resurgence in Europe

The resurgence of malaria in a number of countries in eastern Europe
has been described above. The dramatic resurgence of malaria in certain coun-
tries (mostly eastern ones), is due to political and economic instability, massive
population movements and the impact of large-scale irrigation projects. Most of
the affected countries have encountered great difficulties in adequately funding
malaria control measures. Several project proposals for emergency aid at coun-
try and sub-regional level were prepared and the governments of Italy, Japan
and Norway provided funding for surveillance and control. In 1996-1997, Japan
provided financial support for a large malaria control project in Tajikistan, and
Norway supported activities carried out in 1997 to deal with a malaria outbreak
in Armenia. In 1997-1998, Italy supported malaria prevention activities in Kaza-
khstan, Kyrgyzstan and Uzbekistan and some of the malaria prevention activities
carried out in Tajikistan.

The disruption of traditional links among the former republics of the USSR
has resulted in difficult economic conditions, human migrations, and a sudden
reduction in the quality of health care. The shortage of essential equipment
and supplies for malaria prevention and control, particularly those that used
to be purchased from abroad by the Ministry of Health of the former USSR
(such as antimalarial drugs and insecticides) has weakened malaria prevention
activities. Lack of knowledge and experience in malaria prevention and control
among health-service staff who have not seen malaria for 30 years, is another
obstacle in the planning and effective implementation of these measures.

No accurate quantification can be given as to the magnitude of the costs
due to the resurgence of malaria in those countries of eastern Europe and
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western Asia which have been listed above though it must be assumed that they
were great. The costs were borne both by the affected countries and by donors
who payed for insecticides, equipment and training. The cases of autochthonous
malaria in the region of Moscow, Russia have involved funding for medical care
and the carrying out of large-scale vector control operations.

Costs associated with imported malaria

As has been noted above, the number of autochthonous cases of malaria
in western Europe is relatively small. However, the number of cases of imported
malaria is so large as to constitute both a public health and economic burden
on the countries into which the cases of malaria are imported. The cost of treat-
ment of malaria and the economic costs of deaths from imported malaria are
considerable. Legros et al. (1998) estimated that in France the overall cost of an
uncomplicated case of malaria (medical expenses and an average sick leave of
2 weeks) has been estimated at 6400 Euros for inpatients and 1400 Euros for
outpatients. Thus for the more than 8000 cases of malaria imported into France
in 2000, the total cost to the country must have been between a minimum of
10 to 20 million Euros. Pugliese et al. (1997), reported that in 1995, 33 patients
were hospitalized in Nice hospital from malaria. In 32 of these cases, malaria
infection was due to the traveller having taken no or poor prophylaxis. The cost
of such poor prophylaxis was high in terms of the consequent human suffer-
ing and financial costs. Four patients had to be hospitalized in the intensive
care unit and one died during hospitalization. The cumulative cost for these 33
cases was evaluated at that time at 660000 French Francs. In 1996, 2117 cases
of imported malaria were registered in the 22 regional subdivisions of conti-
nental France (overseas departments excluded). During 2001-2002, 1255 cases
of imported malaria were reported at 36 hospitals in metropolitan France. Plas-
modium falciparum was identified in 1147 cases; many additional cases were not
hospitalized.

Schlagenhauf et al. (1995) observed that in Switzerland, the cost of the treat-
ment of single cases of malaria could be as high as 44000 Swiss Francs or the
equivalent of US $32 000 at the time of publication of the article.

Harling et al. (2004) studied the cost of imported infections which had been
treated in infectious disease units (IDUs) in England and Wales in 1998-1999.
The IDUs reported a total of 421 travel-related admissions during the 2-year
period. The most common diagnosis was malaria. The average cost per bed
day on the IDUs was around £100, and on this basis, the total cost of treating
imported infections, most of which were malaria, on the four IDUs in 2 years was
around £289,000. The relative risk of acquiring an imported infection requiring
treatment on an IDU was greatest for travellers to Africa. From December 1997
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through January 1998 a single hospital in the UK treated five patients for severe
malaria and gave advice on a further 20 patients with malaria who had been
admitted to intensive care units throughout England. The cost to the National
Health Service for intensive care for these patients exceeded UK £160 000 (Reid
et al., 1998).

Costs associated with mosquito control

In Europe, large-scale, intensive mosquito control operations have been
conducted from the beginning of the twentieth century. A large proportion of
the control efforts were directed against Anopheles vectors of malaria. Mosquito
abatement activity in Europe has regained momentum in wake of recent trends
of mosquito-borne infections. The establishment of the European Mosquito Con-
trol Association (EMCA) in 2000, and initiation of the Roll Back Malaria (RBM)
programme by the World Health Organization in the late 1990s, demonstrated
the need for developing regional mosquito abatement cooperation. Although the
phenomenon of re-emerging vector-borne diseases in Europe represents a serious
problem, the main problem being addressed by the countries in the EMCA is
the seasonal outbreaks of nuisance mosquito populations, which plague ecolo-
gically sensitive tourist and urban areas and cause significant economic damage.
At the end of 2004, the EMCA had 168 members in 23 countries, reflecting the
growing interest (and expenditures) for mosquito control in Europe.

There are a growing number of mosquito control organizations in Europe,
particularly in France, Germany, Italy and Spain. Some of these programmes
are very large; as an example, the mosquito control organization in the Pied-
mont, Italy in 2004 had a budget of well over a million Euros per year and the
Rhine Valley mosquito control organization in Germany has a similar budget.
The largest number of control organizations is in Italy. There are also various
programmes for tick and sandfly control in Europe. No study has been made of
the total costs of mosquito control in Europe but the EMCA estimates that these
costs are substantial and growing. A few instances are known; the Rome city
council spends more than 2 million Euros per year on controlling Aedes albopic-
tus, which has become a major pest in the city. In response to a questionnaire
sent out in 1985 to 482 health officers and local authorities in the UK, 47 local
authorities stated that they had carried out mosquito control in the previous 25
years and 22 had carried out measures in 1985; five of the returns reported that
the annual cost of mosquito control ranged from £10 - 4000 with an average of
£790 (Snow, 1987). Concerned by the possibility of West Nile virus transmission
occurring in the UK, expenditures for vector surveillance have been substantially
increased.
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Overall, mosquito control activities in Europe are mainly pest or nuisance
control but control of the mosquito vectors of West Nile virus has been under-
taken in the south of France and, to some extent, in Romania. The existing
control organizations would be capable of undertaking disease vector control
with greater cooperation with public health authorities. The costs of individual
protection measures including household insecticide sprays and repellents can
be very considerable both among persons living in areas with high mosquito
populations and tourists to these areas.

Costs associated with lice and scabies control

Surprisingly large sums are spent for the purchase of insecticides for
the control of head lice; a report by the UK Government estimated that UK £25
million is spent each year in the UK on head louse treatments. In Denmark in
1996, 138 163 individual preparations were sold for head lice control. In France
in 1989, 4656 000 such preparations were sold and by 1994-1995 the value of
the sales of individual lice control formulations was almost 100 000 000 French
Francs; sales in other countries of Europe were similarly high (Gratz, 1988).

The costs associated with scabies infestations are often difficult to determine
as many of the patients are, in any event, institutionalized. Hospital or nurs-
ing home outbreaks are often quite serious when they occur, are not easily
controlled and require extra work and treatment expenditures beyond normal
levels. In Poland, the severe losses in the 20-64-year-old age group from scabies
infestations involved 1836 234 days of sick leave during a 20-year period; there
was an average absence in 1980 of 82 500 days of sick-leave as has already been
described (Zukowski, 1989).

Costs associated with Lyme disease

While the incidence of Lyme disease (LD) in the UK may not be high, the
cost of the infections that do occur is substantial. Joss et al. (2003) analysed LD
costs incurred by patients over an 18-month period of 2110 samples in Scotland
taking into account the costs of consultation, laboratory tests, antibiotic treat-
ment and management of any sequelae, as well as costs of the loss of healthy
time through illness. Of the sample, 295 patients had evidence of early LD and 31
had late LD. Based on these figures, the total annual cost for LD, when projected
to the whole of Scotland, was estimated to be significant at UK £331 000 (range
UK £47000-615000. In addition, some late LD sequelae required management
for more than 1 year. The authors observed that these data raise the question of

181



182

The Vector- and Rodent-borne Diseases of Europe and North America

whether there is sufficient focus on prevention and management of this disease.
One may suppose that costs were similar for other endemic areas of the UK.
No studies have been made on the costs of LD in Germany but it can be
readily assumed that all types of medical care costs and lost time from work
that result from the estimated 60 000 cases each year must be very high indeed.

Conclusions

Although relatively little data are available, it is evident that the costs
for medical care alone for the autochthonous and imported cases of vector-and
rodent-borne diseases must be staggering. Several of the diseases have long-term,
chronic sequelae that may be the cause of expensive medical care for years. The
magnitude of the expenditures for the control of arthropod vectors and rodent
reservoir hosts in Europe has not been studied; in light of the magnitude of
the number of infections, it would surely be cost-effective to undertake control
operations for those diseases that could be controlled in this manner or pre-
vented by vaccines. The growing number of mosquito control organizations in
Europe serve to enhance health and quality of life through the suppression of
mosquitoes and other vectors of public health importance.
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Vector- and rodent-borne diseases in
the history of the USA and Canada

Infectious diseases took a heavy toll in illness and death from among the
first European settlers in North America. While a number of vector-and rodent-
borne diseases were certainly present when foreign settlement began, little is
known of their history among the North American Indians. A considerable body
of literature is available on the history of such diseases.

The arboviruses

Yellow fever

It is hypothesized that Dutch slave traders brought yellow fever to the
Americas from Africa during the mid seventeenth century (Bryan et al., 2004)
while Aedes aegypti was probably imported in the drinking water casks on the
decks of slave ships arriving from Africa. However, as jungle yellow fever circu-
lates in South America, the disease may have been circulating on that continent
for a long time. Whatever the origin of the disease in the Americas, yellow fever
epidemics swept through the settlements, towns and cities along the eastern
seaboard, the southern states and up the Mississippi valley in the eighteenth
and nineteenth centuries. Thousands of people died and many more fled from
the towns and cities when the epidemics struck. By the middle of the nine-
teenth century it was routine for people to leave the towns and cities in the
summer months to avoid the fever. In 1793 the largest yellow fever epidemic
in the history of the USA struck Philadelphia. Some 10% of the population or
4000 people died in Philadelphia. In 1821 an epidemic caused heavy mortality in
St. Augustine, Florida. In 1855 Norfolk, Virginia, experienced an epidemic. Later
in the century, in 1878, Memphis was one of the major southern towns to be
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struck. In that year 20 000 died from yellow fever in the south. Other cities, like
Charleston, South Carolina, suffered more than 20 epidemics in as many sum-
mers during the eighteenth century. In the city of New Orleans, the epidemic
which developed in the summer of 1853 caused more than 7000 deaths. Later, in
1878 which was the major epidemic year, yellow fever invaded 132 towns in the
USA, causing the loss of 15932 lives out of a total number of cases which were
estimated to have reached to more than 125000: New Orleans alone suffered a
mortality of 4600 at that time and the state of Mississippi nearly 15000 cases
(Harden et al., 1967).

Yellow fever was first suspected to be associated with Aedes aegypti by the
Cuban scientist, Carlos Finlay, and its transmission cycle was established by the
US Army Major, Walter Reed. After the development of yellow fever vaccine by
Theiler and Smith, yellow fever outbreaks ceased in North America in 1905 and
the last urban case in the Americas occurred in South America in 1942, although
small outbreaks of jungle yellow fever continue to occur in the endemic coun-
tries of Bolivia, Brazil, Colombia, Ecuador, French Guiana, Peru and Venezuela.
Many of these countries have dense urban populations of Ae. aegypti and Ae.
albopictus and the threat of urban outbreaks of the disease persists, especially
where rates of immunization are low.

Dengue

In the Americas, the first documented dengue fever epidemic occurred
in 1779-1780 in the city of Philadelphia; it was clinically characterized as ‘break-
bone fever’ (Halstead, 1980). Epidemics in the Americas were reported in the
Caribbean region, affecting several countries, as well as in southern USA dur-
ing the eighteenth and nineteenth centuries and through the first half of the
twentieth century. In 1922, the disease struck many major cities in the southern
states, including an estimated 500000 cases in Texas. Another widespread out-
break occurred in 1947-1948 (Ehrenkranz et al., 1971). Hundreds of thousands
of cases of dengue occurred in the USA in the early part of the twentieth cen-
tury and persisted until changes in life style reduced the densities of the vector
Aedes aegypti; these changes included screened houses, air-conditioned buildings
and, probably the most important change, the installation of reliable, potable
water supplies in homes. The last outbreak of dengue in the USA was in 1945
in Louisiana; small numbers of cases now occur in Texas in the continental
USA though it remains a severe public health problem in Puerto Rico as will be
discussed below.

Other arboviruses

There are four main virus agents of encephalitis in the USA and Canada:
eastern equine encephalitis (EEE), western equine encephalitis (WEE), St. Louis
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encephalitis (SLE) and La Crosse (LAC) encephalitis, all of which are transmit-
ted by mosquitoes. Eastern equine encephalitis is a rare but deadly disease with
severe sequelae for survivors. The virus was first documented in 1931 and first
isolated in the USA in 1933. Western equine encephalitis was first isolated in
California in 1930. In 1941 there was an epidemic in the USA and Canada,
in the northern Plains states of the USA and in Canada’s Manitoba, Alberta
and Saskatchewan provinces. The epidemic involved 300000 horses and 3336
humans. Until the introduction of West Nile virus into the USA and Canada,
SLE was the most important arbovirus disease in North America. The virus was
first recognized in 1932 (in Paris, Illinois) and was first isolated in 1933 dur-
ing the St. Louis epidemic from a human brain. Detailed information on these
and the other endemic arboviruses of the USA and Canada will be provided
below.

Epidemic or louse-borne typhus

Until the early part of the twentieth century body louse infestations
were common, especially in the crowded city slums. Clinically, no differentiation
was made between typhoid fever and louse-borne typhus fever until 1837. In that
year, Gerhard, in Philadelphia, noted differences between the two, and was the
first to call attention to the presence of typhus in the New World. Outbreaks
were known to have occurred several times during the nineteenth century in
cities of the eastern USA but no data are available on their severity.

Plague

Plague cases originating in China were documented in Honolulu in 1899.
Several months later plague arrived in San Francisco. On 6 March 1900, the body
of a working man was found in a basement in San Francisco’s Chinese quarter,
apparently dead from plague. The San Francisco Board of Health took prompt
action, quarantining the entire Chinatown area. A house-to-house search, led by
uniformed police officers, was made for other victims and for various insanitary
conditions. Within hours, the Chinatown community was alarmed and the sick
and dead were hidden, while fears were voiced that the entire quarter would be
torn down as had happened in Honolulu’s Chinatown. Only a few cases were sub-
sequently identified and there was no epidemic but a second outbreak occurred
in January 1901; by 1905 there were 121 cases and 113 deaths in San Francisco.
The disease struck again in 1907 as a result of the disruptions which resulted
from the great earthquake of 1906; plague was not fully eradicated from the city
until 1908. However, as a result of this introduction, plague spread throughout
much of the western USA and a part of Canada as will be seen below.
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Rocky Mountain spotted fever

Rocky Mountain spotted fever is the most severe and most frequently
reported rickettsial illness in the USA. The disease is caused by Rickettsia rickettsii.
Rocky Mountain spotted fever was first recognized in 1896 in the Snake River Val-
ley of Idaho. It was a dreaded and frequently fatal disease that affected hundreds
of people in this area. By the early 1900s, the recognized geographic distribution
of this disease grew to encompass parts of the USA as far north as Washington
and Montana and as far south as California, Arizona and New Mexico. Beginning
in the 1930s, it became clear that this disease occurred in many areas of the USA
other than the Rocky Mountain region. It is now recognized that this disease is
broadly distributed throughout the continental USA as well as southern Canada,
Mexico, Central America and parts of South America. Between 1981 and 1996,
this disease was reported from every US state except Hawaii, Vermont, Maine
and Alaska (CDC website: http:/[www.cdc.gov/ncidod/dvrd/rmsf]).

Malaria

Although once widespread in North America, the last major outbreak of
malaria in North America occurred in the 1880s, although the disease continued
to occur through parts of the southern USA until the late 1940s.

There are no references to malaria in the ‘medical books’ of the Mayans or
Aztecs. It is likely that European settlers and slavery brought malaria to the New
World and the awaiting anophelines within the last 500 years. Malaria existed
in parts of the USA from colonial times to the 1940s. One of the first military
expenditures of the Continental Congress, around 1775, was for $300 to buy
quinine to protect General Washington’s troops.

During the American Civil War (1861-1865), 50% of the white troops and
80% of the black soldiers of the Union Army got malaria annually. The disease
reached its peak in about 1875 and then began to decline in the northern regions
but still remained one of the most important diseases in the south. More than
an estimated 600000 cases of malaria occurred in the USA in 1914, according
to information from the Centers for Disease Control and Prevention in Atlanta,
Georgia (Desowitz, 1991).

During World War II and in the years following the war, malaria control was
greatly intensified and in 1947 an eradication programme was begun, based to a
great extent on the residual applications of DDT in houses and by the mid-1960s
local transmission virtually ceased.

Malaria was once common in parts of Canada; it was an important cause of
illness and death in the nineteenth century in Upper and Lower Canada and
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out into the Prairies. In the summer of 1828 ‘swamp fever’ broke out in the
settlement of Bytown (Ottawa) and along the construction route of the Rideau
Canal. According to some accounts, ‘malaria’ was not native to North America
but had been introduced by infected British soldiers who had returned from
India. Numerous deaths had occurred by the time the epidemic subsided in
September when the mosquitoes disappeared.

During the period 1826-1832, malaria epidemics halted the construction of
the Rideau Canal between Ottawa and Kingston, Ontario during several consecu-
tive summers, with infection rates of up to 60% and death rates of 4% among the
labourers. Malaria also appears to have had an important effect on the health
of the Northwest Mounted Police in the Prairies. When the Montreal General
Hospital opened, in 1823, 3% of the first 3665 patients admitted were ill with
malaria, and 3% died in hospital as a consequence. Indigenous malaria gradu-
ally disappeared early in the twentieth century for a variety of reasons, inclu-
ding decreasing malaria in Europe and less frequent importation of infections,
destruction of Anopheles breeding sites, use of window screens and more rapid
treatment of febrile cases before the malaria parasite reached the mosquito-
infecting, gametocyte stage (Maclean & Ward, 1999).
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The mosquito-borne arboviruses

Of more than 500 arboviruses recognized worldwide, five were first
isolated in Canada and 58 were first isolated in the USA. Six of these
viruses are human pathogens: western equine encephalitis (WEE) and eastern
equine encephalitis (EEE) viruses (family Togaviridae, genus Alphavirus), St. Louis
encephalitis (SLE) and Powassan (POW) viruses (Flaviviridae, Flavivirus), LaCrosse
(LAC) virus (Bunyaviridae, Bunyavirus) and Colorado tick fever (CTF) virus (Reoviri-
dae, Coltivirus). Their scientific histories, geographic distributions, virology, epi-
demiology, vectors, vertebrate hosts, transmission, pathogenesis, clinical and dif-
ferential diagnoses, control, treatment and laboratory diagnosis are reviewed. In
addition, mention is made of the Venezuelan equine encephalitis (VEE) complex
viruses (family Togaviridae, genus Alphavirus), which periodically cause human
and equine disease in North America.

Western equine encephalitis, eastern equine encephalitis and St Louis
encephalitis viruses are transmitted by mosquitoes between birds; Powassan
and Colorado tick-borne fever viruses, between wild mammals by ticks; Lacrosse
virus, between small mammals by mosquitoes; and Venezuelan equine encephali-
tis, between small or large mammals by mosquitoes. Human infections are tan-
gential to the natural cycle. Such infections range from rare to focal but are rel-
atively frequent where they occur. Epidemics of WEE, EEE, VEE and SLE viruses
have been recorded at periodic intervals, but prevalence of infections with LAC
and CTF viruses typically are constant, related to the degree of exposure to
infected vectors. Infections with POW virus appear to be rare (Calisher, 1994). To
this list should be added occasional autochthonous outbreaks of dengue in the
southern continental USA and the rapid spread of West Nile virus in the USA and
Canada following the introduction of the virus in 1999. The public health impor-
tance of a number of viruses which have been isolated only from arthropods or
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animals or rarely from humans and whose human or animal health importance
is uncertain or unknown, will not be included.

Togoviridae

Western equine encephalitis (WEE)

The virus was first recognized in a horse in California in 1930. In 1938
it was recovered from the brain of a child who had died of encephalitis. Dur-
ing the summer of 1930, clinical cases of encephalitis occurred in horses in
the San Joaquin Valley of California. This initial epizootic of WEE in the San
Joaquin Valley in 1930 affected approximately 6000 horses with a case fatality
rate of 50%. Several further outbreaks occurred in western states from 1931 to
1934. In 1938, more than 300000 horses and mules were affected in the USA.
In 1941, there were 1094 human cases of WEE reported in Canada and 2242
human cases in the USA. An outbreak in California’s Central Valley in 1952
resulted in 813 cases of encephalitis in humans with an attack rate in Kern
County of 50/100000 humans and 1120/100 000 horses. Outbreaks of WEE in
the 1930s and 1940s caused serious losses in horses and mules used as draught
animals, adversely affecting agricultural production. According to CDC data,
there have been 639 confirmed cases in the USA since 1964. In 1941, more
than 3400 cases among humans occurred in the northern Plains states and in
Canada’s Manitoba, Alberta and Saskatchewan provinces. The attack rate reached
167/100 000.

In North America, the present general distribution of WEE virus is west of the
Mississippi River in agricultural landscapes. This distribution parallels that of
the most important mosquito vector of WEE, Culex tarsalis. Outbreaks have often
affected wide areas of the western USA and Canada. Western equine encephalitis
virus has been reported across south-central Canada from approximately Lake
Superior to the Rocky Mountains, but it also has occurred in British Columbia.
Disease in humans and horses has occurred most often in Saskatchewan and
Manitoba. In western Canada, Culex tarsalis is the mosquito host of greatest
importance, but the virus has been found in a variety of mosquito species of
five genera: Aedes, Anopheles, Coquillettidia, Culex and Culiseta.

Passerine birds, primarily house sparrows (Passer domesticus) and house finches
(Carpodacus mexicanus) are highly preferred hosts of Cx. tarsalis and are an
important source of vector infections. Infections in house sparrows, particularly
nestlings, amplify WEE virus that is present.

Most people infected with WEE suffer only a mild disease or have no symp-
toms at all. Children are more likely to suffer clinical disease than are adults;
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approximately half of children under 1 year of age will become ill if infected
while slightly less than 1 in 1000 people aged 14 years or older will become
ill if infected. The mortality rate from WEE is reported to range from 8-15% in
people who develop clinical disease after infection. While an effective vaccine
is available for equines, none is used for humans. It appears that in California
sociobiological changes resulting from the use of television and air condition-
ing have decreased exposure of California residents to vector attack. The prime
time when Cx. tarsalis, the primary vector of encephalitis, bites people is around
sundown which also is primetime for television watching (Reeves, 2001). Similar
prevention has probably occurred in most endemic areas of WEE.

Eastern equine encephalitis

Eastern equine encephalitis is normally the least common of the
mosquito-borne arboviral infections in the USA. It is a member of the Togaviri-
dae, genus Alphavirus, and occurs only in the Americas. It was first recognized
in the USA in 1931 but is thought to have been a cause of encephalitis in North
American horses since 1831. The initial isolation of EEE virus was made from
equine brain tissue in the eastern USA in 1933. The first human cases were con-
firmed in Massachusetts during 1938. From 1964-2003, 200 human infections
with EEE were recorded in the USA. The enzootic transmission cycle is most
common to coastal areas and freshwater swamps but human cases occur rela-
tively infrequently, principally because the primary transmission cycle occurs
in swampy areas where the presence of human populations is limited. In 1972
there was an outbreak in Quebec, Canada which occurred at the same time as
an outbreak in Connecticut, USA; Sellers (1989) thought it possible that the virus
could have been brought to Lac Brome in Canada by infected Culiseta melanura
mosquitoes carried on surface winds from Meriden, Connecticut 400 km distant.

Although infection with this virus may cause serious illness in humans and
horses, it normally cycles between wild birds and the enzootic vector mosquito,
Culiseta melanura. Eastern equine virus has been isolated from, or antibodies have
been found in, a multitude of wild and domestic birds, particularly passerines
but also owls, whooping cranes (Grus americana) and shore birds. People and
horses become infected by the bite of infectious ‘bridge vector’ mosquitoes that
were infected by feeding on viraemic birds. The bridge vectors bringing the
disease to humans and horses are Aedes solicitans (the salt marsh mosquito), Culex
nigripalpus, Coquillettidia perturbans, Aedes vexans, and Ae. atlanticus among other
species.

Most people infected with EEE have no clinical symptoms. During an outbreak
in New Jersey in 1959, a study showed that the ratio of inapparent:apparent
infections was 23:1. For people who develop an infection of the central nervous
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system, a sudden fever and severe headache can be followed quickly by seizures
and coma. About half these patients die from the disease. Of those who survive,
many suffer permanent brain damage and require lifetime institutional care.
Symptoms usually appear 4-10 days after infection. Children <15 years old and
adults >55 years old constitute 70-90% of cases during outbreaks. Death typically
occurs 2-10 days after onset of symptoms. The equine mortality rate due to
EEE ranges from 75-90%. There is a vaccine for horses and a killed vaccine for
humans who work with the virus. The use of EEE immunization has successfully
protected whooping cranes (Grus americana) from death. Large equine outbreaks
of EEE have occurred in Florida in 1982, 2003 and 2005 almost entirely among
unvaccinated horses.

Venezuelan equine encephalitis

In 1936, Venezuelan equine encephalitis (VEE) was first recognized as a
disease in Venezuela following a major outbreak of equine encephalomyelitis.
From 1936 to 1968, equines in several South American countries suffered deva-
stating outbreaks of this disease. In 1969, the disease moved north throughout
Central America, finally reaching Mexico and Texas in 1971. It has been respon-
sible for numerous outbreaks of febrile illnesses and encephalitis involving thou-
sands of equine cases and some human cases. Venezuelan equine encephalitis
viruses are transmitted among equines and rodents by a variety of mosquito
species, and have zoonotic reservoir hosts in bats, birds, rodents, equines (horses,
donkeys, mules) and certain tropical jungle mammals. Rodents and other small
animals are the most important amplifiers in endemic preservation of the virus
in tropical forests, swamps and marshlands. Horses are the most important
amplifier hosts in large epidemic outbreaks.

In humans the overall mortality rate from epidemics is 0.5-1%. In patients
who develop encephalitis, the mortality rate is in the range of 20%. Encephalitis
is clinically diagnosed in 2-4% of adults and 3-5% of children. In natural human
epidemics, severe and often fatal encephalitis in Equidae always precedes disease
in humans.

Venezuelan equine encephalitis is now rare in the USA but it is endemic in
the southeast of the country. Serologic evidence of VEE virus was first docu-
mented in 1960 during a survey of Seminole Indians in Florida (Work, 1964).
Follow-up investigations conducted by the CDC in 1963-1964 resulted in the iso-
lation of VEE virus from Culex melanoconian, cotton mice (Peromyscus gossypinus)
and cotton rats (Sigmodon hispidus). Data from outbreaks in South and Central
America suggest that many more infections than the number reported have
occurred as subclinical or mild forms. In the 1971 outbreak in Texas, there
were more than 1500 equine deaths and 110 human cases but no human deaths
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were reported. Psorophora confinnis was considered the vector (Sudia et al., 1975).
Psorophora columbiae, Aedes sollicitans, Ae. taeniorhynchus and Ae. albopictus have been
shown to transmit the virus experimentally (Turell & Beaman, 1992). Based on
past experience, VEE is an arbovirus with an important human and veterinary
potential. An effective equine vaccine is available.

Everglades encephalitis virus

Virulence studies showing distinct differences between the endemic
Florida strain (Fe-37c), and the more virulent epizootic strains of VEE found in
Central and South America led to the classification of the Florida strain of VEE
as a separate Group A arbovirus which is now known as Everglades encephalitis
virus (EVE). In the late 1960s the CDC and State Board of Health monitored SLE
virus and EVE activity throughout south Florida. In 1968 the first documented
human case of EVE ever reported in the USA was reported from the Florida City
area in southern Dade County. To date, only 3 human cases have been reported
in the state. Everglades encephalitis virus only causes a very mild flu-like illness
in most people. Clinical disease in the reported cases, which ranged in age from
51-75 years, began with a gradual onset and prolonged prodrome with respir-
atory symptoms, progressing to profound obtundation followed by a gradual
recovery with few residua. The probable vector is the black saltmarsh mosquito,
Aedes taeniorhynchus.
No new cases of disease due to this virus have been reported in over 25 years
and thus this VEE-related virus is, at present, of no public health importance in
the USA.

Highlands J virus

In North America, Highlands J (HJ) virus appears to be an antigenic link
with an intermediate virulence between epizootic WEE virus and the enzootic
Fort Morgan virus which has been isolated from cliff swallows (Petrochelidon
pyrrhonota) and house sparrows (Passer domesticus) and from cimicid bugs (Oeciacus
vicarius) in eastern Colorado (Calisher et al., 1980). Highlands | virus is primar-
ily a veterinary pathogen causing disease in domestic birds including turkeys,
chickens and partridges (Perdix perdix). It has an enzootic cycle similar to EEE.
It is often used as an indicator of the presence of EEE in a surveyed area. High-
lands J virus has been associated with rare cases of sporadic equine and human
disease. It has a low pathogenicity in mammals and is rarely seen in humans or
horses. During the 1990-91 St. Louis encephalitis (SLE) outbreak in Florida, four
patients were reported to be dually infected with SLE and HJ; however, exposure
to HJ virus has not been directly associated with human illness and it is not
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considered of public health importance. It has been attributed as the cause of
death of a horse in Florida (Karabatsos et al., 1988).

Highlands ] virus is transmitted from Culiseta melanura mosquitoes to song-
birds in freshwater swamps; it has been isolated from Aedes vexans in Rhode
Island, Cs. melanura in Massachusetts and Cs. melanura, Cs. morsitans, Ae. canaden-
sis, Ae. vexans, Ae. stimulans, Ae. triseriatus, Anopheles punctipennis, Culex pipiens and
Cx. restuans in Connecticut.

Flaviviridae
Dengue

Dengue viruses are members of the Flaviviridae and transmitted prin-
cipally in a cycle involving humans and mosquito vectors. The principal vector
worldwide is Aedes aegypti. Infections are caused by any of the four virus serotypes
(DEN-1, DEN-2, DEN-3 and DEN-4). The serious dengue haemorrhagic fever (DHF)
syndrome and dengue shock syndrome (DSS) were first recognized in the 1950s
during dengue epidemics in the Philippines and Thailand; dengue affects many
countries in Asia and the Americas and has become a leading cause of hos-
pitalization and death among children in several Asian countries. In its most
severe form infections as DHF and DSS can threaten the patient’s life, primar-
ily through increased vascular permeability and shock, in which bleeding and
sometimes shock occurs and may lead to death. The case fatality in patients
with dengue shock syndrome can be as high as 44% but with good physio-
logic fluid replacement therapy, mortality rates should be no higher than about
3.5%.

In an effort to prevent epidemics of urban yellow fever transmitted by Aedes
aegypti, the Pan American Health Organization organized a campaign that suc-
ceeded in eradicating Ae. aegypti from most of the Central and South American
countries in the 1950s and 1960s. As a result, epidemic dengue continued to
occur only sporadically in some Caribbean islands during this period. Records
show no evidence of epidemic dengue in the Americas from 1946 through 1963,
reflecting in part the benefits from the eradication programme. In all areas
where Ae. aegypti had been eliminated, transmission of dengue virus was inter-
rupted. The Ae. aegypti eradication programme was officially discontinued in the
USA in 1970, and gradually eroded elsewhere, and the species began to reinfest
countries from which it had been previously eradicated. By 1995, the geographic
distribution of Ae. aegypti was similar to that of its distribution before the erad-
ication programme.

Dengue was endemic in the USA through the nineteenth century and up
until approximately 1945. The first indigenous transmission of dengue in the
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USA since the 1940s occurred in Texas in 1980. Small outbreaks of dengue have
subsequently been detected in south Texas in 1980 (63 cases), 1986 (9 cases)
and 1995 (29 cases). An outbreak of DEN-3 that occurred in 1999 involved 55
cases and one death due to DSS. Usually these outbreaks have been associated
with concurrent dengue epidemics in northern Mexico. Cases of dengue are
imported into the USA and Canada every year by persons returning from travel to
endemic areas; reporting of the infection is passive and a significant proportion
of the introduced cases go unrecognized. There is no threat of autochthonous
transmission in Canada for the present as neither Ae. aegypti nor Ae. albopictus
are found in that country.

In 1966, when Aedes aegypti had been eradicated from all mainland countries
of the Western hemisphere except the USA, Venezuela, Colombia and French
Guiana, infestation rates of up to 80% were being found in Puerto Rico. The
species was found breeding in tyres, auto bodies, tins cans, bottles etc. even
in wooded rural areas up to half a mile from human habitations and tree hole
breeding was found in most areas. Epidemics of dengue fever occurred in Puerto
Rico in 1963-1964 and 1969 and were caused by dengue-2 and dengue-3. Dengue
3 disappeared and then was detected in Puerto Rico in January of 1998 after
a 20-year absence. DEN-1, DEN-2 and DEN-4 have circulated on the island from
1985-1997 (Rigau Perez et al., 2002). Expanding autochthonous transmission of
DEN-3 was documented in 1998, an epidemic year where two other serotypes
predominated (DEN-4, 45% and DEN-1, 35%).

Puerto Rico has a large urban population with high mosquito vector densi-
ties and has experienced nearly 20 years of dengue epidemics with a continuous
upwards trend. Although dengue fever was recorded in Puerto Rico as early as
1915 (Dietz et al., 1996), continuous transmission of all four serotypes has only
occurred since the 1980s. Puerto Rico had five dengue epidemics in the first
75 years of the twentieth century, which was then followed by six epidemics
in 11 years, with an estimated cost of over $150 million. The first epidemic in
Puerto Rico, consisting primarily of DEN-4, was reported in 1981/1982, followed
by another DEN-4-dominated outbreak in 1986, this one marked by high inci-
dences of DHF/DSS (Dietz et al., 1996). DHF| DSS cases have occurred periodically
since the 1980s, reaching record levels in the DEN-4 epidemic in Puerto Rico in
1998.

Dengue typically occurs in a seasonal pattern in Puerto Rico, with minimal
occurrence from March to June and a transmission peak from September to
November. The number of reported cases during the last 5 non-epidemic years
(1992, 1993, 1995, 1996 and 1997) ranged from 4645-11078 (an average rate of
2.0 cases per 1000 population). In 1994, 23 693 cases were reported (6.7 per 1000
population). From 1995-1997 dengue was reported in Puerto Rico at an average
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annual rate of 1.75/1000 population, compared to 6.73 in 1994, an epidemic
year. From June 1994 through March 1995, Puerto Rico experienced the most
severe dengue epidemic on record for the island, with DEN-2 as the predominant
serotype. Another epidemic, with DEN-4 and DEN-1 predominating, occurred in
1998.

Dengue was first introduced into Honolulu, Hawaii in 1902, reportedly from
Hong Kong by a steamship with 12 dengue cases on board. The ship had sailed
about 25 days earlier. About 50 000 cases then occurred in the islands and a small
number of cases persisted in Hawaii until 1912 (Usinger, 1944). Dengue was again
reported in Honolulu on 24 July 1943, for the first time in over 30 years; the
virus had been introduced by an infected Army Air Force pilot who, during his
own incubation period, had flown a plane from the Fiji islands where a dengue
outbreak was in progress. The outbreak reached its peak in October 1943. No
cases were reported during the last 2 months of 1944 and the first 4 months of
1945. The total number of civilian cases was 1506; of military personnel, 56.

No further autochthonous dengue infections were reported in Hawaii after
1944 until September 2001, when the Hawaii Department of Health was notified
of an unusual febrile illness in a resident with no travel history; dengue fever was
confirmed. During the investigation, 1644 persons with locally acquired dengue-
like illness were evaluated, and 122 (7%) laboratory-positive dengue infections
were identified; dengue virus serotype 1 was isolated from 15 patients. No cases
of DHF or shock syndrome were reported. Phylogenetic analyses showed the
Hawaiian isolates were closely associated with contemporaneous isolates from
Tahiti. Aedes albopictus was present in all communities surveyed on Oahu, Maui,
Molokai and Kauai; no other Aedes species were found (Effler et al., 2005).

Dense populations of Ae. aegypti and Ae. albopictus are present in many areas
of the USA. The risk of further outbreaks of dengue is substantial especially as
a result of the frequent introductions of the virus by travellers returning from
endemic areas of the Americas.

St. Louis encephalitis

This virus is named after the city of St. Louis, Missouri in which it
was first recognized and isolated in the late summer of 1933 when over 1000
cases and 200 deaths from the disease were diagnosed (Muckenfuss et al., 1933;
Monath, 1980); there had apparently been an outbreak a year earlier in Paris,
Illinois. Prior to the introduction of West Nile virus in 1999, SLE was the most
important mosquito-borne arbovirus in North America. A large proportion of the
infections by SLE are subclinical; asymptomatic human infections are about 200
times more common than symptomatic infections but in those persons who
develop an illness, mortality rates may be about 5% for persons under 50 or
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from 7%-24% or higher in patients over 50 years of age. Humans are the only
vertebrates known to suffer clinical disease after infection with SLE.

The virus is widely distributed in the USA, and infections occur as periodic
focal outbreaks of encephalitis in midwestern, western, and southwestern USA,
followed by years of sporadic cases. It has caused large urban epidemics of
encephalitis. Outbreaks occur from August through October. During the last
5 decades, about 10000 cases were reported. St. Louis encephalitis is mostly
sporadic. Annual incidence is 0.003-0.752 cases per 100 000 population. Median
occurrence is 35 cases per year. In the USA, the virus exhibits an endemic pat-
tern primarily along the western coast and sporadic infections occur in the
east.

St. Louis encephalitis was first isolated in Saskatchewan in 1971 but disease
in Canada due to this virus was not documented until 1975 when an outbreak
of 66 cases occurred in southern Ontario; it was the first outbreak of arbovirus
encephalitis in the province of Ontario. One case each occurred in Manitoba
and Quebec in that year (Artsob, 1990). St. Louis encephalitis has caused a small
number of cases of human disease in Ontario, Quebec and Manitoba, and was
found once in a mosquito in Saskatchewan. The prevalence of antibodies to SLE
was high in some wild mammals in southern Ontario sampled in 1975-1976.

The virus has been isolated from several different species of mosquitoes in
different areas of the USA; in the area of the Gulf Coast, Ohio and Mississippi
Valley, Culex pipiens and Cx. quinquefasciatus are the primary vectors, in Florida Cx.
nigripalpus, while in the western States Cx. tarsalis is the most important vector
species. In Canada, the most common vector, Cx. pipiens, is present everywhere
in southern Ontario and southern Quebec. St. Louis encephalitis virus has been
detected in Cx. quinquefasciatus and Cx. stigmatosoma in California. The virus has
also been isolated from a tick although the epidemiological significance of this
isolation remains unknown.

Birds are the primary hosts for SLE virus in most of North America; in
endemic areas the prevalence of antibodies in reservoir host birds, especially
the house sparrow (Passer domesticus) and the robin (Turdus migratorius) may be
very high. House finches (Carpodacus mexicanus), blue jays (Cyanocitta cristata) and
rock doves (Columbia livia) have also been found infected with the virus. Reisen et
al. (2003) cautioned that birds with elevated field antibody prevalence rates may
not be the most competent hosts for encephalitis viruses and that relatively few
birds developed chronic infections that could be important in virus persistence
and dispersal.

No vaccine is currently available though chimera viruses are thought to
have the potential for use as diagnostic reagents and vaccines against SLE and
WNV.
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West Nile virus in North America

West Nile virus is a flavivirus in the same family as SLE - a member
of the Japanese encephalitis complex. A description of its origin and its clinical
aspects has already been provided in the section on arbovirus diseases in Europe.

The 1999 outbreak of WNV in the northeastern USA was the first known
occurrence of this flavivirus in the western hemisphere. Sixty-two cases of severe
disease, including seven deaths, occurred in the New York City area in late
August 1999. Although initially attributed to SLE, examination of the virus based
on positive serologic findings in cerebrospinal fluid and serum samples using
a virus-specific I[gM-capture enzyme-linked immunosorbent assay (ELISA) estab-
lished that the cause of the outbreak was West Nile virus (CDC, 1999). Identi-
fication of virus was made in human, avian and mosquito samples. Laboratory
confirmation was also received on the presence of WNV in horses. A total of
61 human cases of the fever were reported during the New York City outbreak,
which resulted in 7 deaths and, in addition, one case involved a Canadian visitor
to New York, who contracted the virus in late August and died on 5 September
in Canada. None of the patients involved had travelled to Africa during the
incubation period, and many of them had never ventured far from New York
City.

The infection caused severe mortality among birds, especially crows (corvids).
Before and concurrently with the human cases, health department officials had
begun to investigate an increase in the number of dead birds in New York
City. Crows were particularly affected, and officials at the Bronx Zoo had noted
the deaths of a cormorant, two captive flamingoes and a pheasant. All were
subsequently confirmed to have died of infection with WNV. The virus was
subsequently found in many bird species in the area. Most of the birds were
crows (Corvus brachyrhynchos), but the virus has also been isolated in the ring-
billed gull (Larus delawarensis), yellow-billed cuckoo (Coccyzus americanus), rock
dove (Columba livia), sandhill crane (Grus canadensis), fish crow (Corvus ossifragus),
blue jay (Cyanocitta cristata), bald eagle (Haliaeetus leucophalus), laughing gull (Larus
atricilla), black-crowned night heron (Nycticorax nycticarax), mallard duck (Anas
platyrhynchos), American robin (Turdus migratorius), red-tailed hawk (Buteo jamaicen-
sis) and broad-winged hawk (Buteo platypterus). Horses were also affected and had
a high death rate.

The virus is thought to have been introduced to New York by an infected
human traveller or through the importation of infected birds (Hoey, 2000). The
possibility also existed that the virus may have been introduced by a migratory
bird or by infected mosquitoes arriving aboard aircraft from an endemic area.
Late in 1999, WNV was isolated from overwintering Culex mosquitoes in the New
York City area (CDC, 2000a).
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Since the introduction of WNV in 1999, the virus has spread to most of the
USA, reaching California in 2003 (where there were a total of 826 West Nile
virus infections and 26 deaths reported from 23 counties in California in 2004).
West Nile virus is now endemic in Canada and Mexico, and has become a sig-
nificant public health problem in both the USA and Canada. In Canada, by the
end of 2003, disease activity had spread to a total of nine provinces and ter-
ritories. In 2002, WNV-neutralizing antibodies were detected in samples from
birds captured in Jamaica, the Dominican Republic and Guadeloupe, and horses
in Mexico, suggesting establishment of the virus in the Neotropics. By January
2005 the presence of WNV had been recorded as either human or mosquito
infections in all 48 continental states, seven Canadian provinces and through-
out Mexico. In addition, WNV activity has been detected in Puerto Rico, the
Dominican Republic, Jamaica, Guadeloupe and El Salvador.

The incidence of West Nile virus in the USA and Canada, 1999-2004

In 2000, 18 human cases and 65 equine cases were reported from 12
states. In 2001, there were only 66 cases but the virus had spread to 27 states.
Although the virus had spread westward, only a modest disease activity was seen
until 2002, when the number of cases increased dramatically; in 2002, 39 states
and the District of Columbia reported 4156 human WNV cases with 284 deaths.
Of these, 2942 (71%) were neuroinvasive illnesses (i.e., meningitis, encephalitis
or meningoencephalitis). The number of cases of WNV has also continued to
rise; in 2003, 9862 cases and 264 deaths were reported to the CDC. In 2004, 2470
human cases and 88 deaths were reported.

In Canada, human cases were first recorded in both Ontario and Quebec
in 2002 with approximately 800-1000 probable, confirmed and suspected cases
detected. By the end of 2002 viral activity had been documented in Nova Scotia,
Quebec, Ontario, Manitoba and Saskatchewan. In the same year, cases of human
infection were reported in Ontario and Quebec. In 2003 there was a further
increase in the number of cases to 1388 reported and 1220 confirmed cases
with 10 deaths reported from nine provinces or territories. In 2004, there was
a considerable fall in the number of cases reported in Canada to only 25 cases
and no deaths. (Canadian data from Health Canada website: http://[www.phac-
aspc.gc.cajwnv-vwn/, accessed 27 June 2005.)

West Nile virus in avian populations in North America

Birds serve as the reservoir hosts for WNV and the transmission of
the virus occurs predominantly via mosquitoes. Ornithophilic mosquitoes trans-
mit the virus amongst the bird population while those mosquito species that



The mosquito-borne arboviruses

feed on both birds and mammals can transmit the pathogen to humans. The
differences so far observed between the epidemics in North America and in
Europe might be explained by the following considerations: Europe has long
had contact with WNV-endemic areas in Africa via migratory birds, whereas the
pathogen was first imported into the USA in 1999 where it has infected a ‘naive’
bird population. It is possible that the strain presently spreading through the
USA is highly pathogenic, whereas strains of varying pathogenic potential circu-
late in Africa. This could result in a natural immunization of the bird population
through contact with strains of low pathogenicity. The possibility of a natural
resistance in European birds is also being considered since these animals have
been confronted with the pathogen for long periods of time (Pauli, 2004).

Following the first outbreak of WNV in New York City, large numbers of
dead crows (Corvidae) have characterized areas in which outbreaks of WNV have
occurred. West Nile virus has been isolated from 198 bird species in North Amer-
ica (Komar, 2003), and mortality may approach 100% in some species. Passerine
birds, including crows, house sparrows (Passer domesticus) and blue jays (Cyanocitta
cristata), serve as the primary amplifying hosts of the virus, and develop a high-
level viraemia that lasts for several days. A study of WNV transmission in 25
species of birds found cloacal shedding of virus in 17 of 24 species and oral
shedding in 12 of 14 species. In addition, contact transmission was identified in
four species, and oral transmission in five species (Komar et al., 2003). Although
the precise contribution of direct transmission to disease activity among birds
has not been quantified, it has potentially significant implications for disease
epidemiology, because even with effective vector control virus may be amplified
and transmitted. Direct transmission may be aggravated in commercial settings
because of cannibalism and feather-picking of sick birds (Banet-Noach et al.,
2003). As WNV has been marked by a very high level of mortality among crow
populations, observations of crow mortality have become an important compo-
nent of surveillance for WNV.

The mosquito vectors of West Nile virus in North America

The mosquito vectors are essentially species which may feed on both
birds and humans. Humans are ‘dead-end’ hosts as the level of viraemia in
humans is not high enough to be infective to mosquitoes. The species found
to be the vector in the area of the original outbreak of WNV in New York
in 1999 was Culex pipiens. By the end of the second year of transmission of
WNYV, the virus was isolated from, or WNV gene sequences were detected in, 470
mosquito pools in 38 counties in five states (352 pools in New York, 54 in New
Jersey, 46 in Pennsylvania, 14 in Connecticut and 4 in Massachusetts). Of the
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470 reported WNV-infected pools, Culex species accounted for 418, including 222
Cx. pipiens/restuans, 126 Cx. pipiens, 35 Cx. salinarius, 11 Cx. restuans and 24 unspec-
ified Culex pools. Aedes species accounted for 29 positive pools, including 9 Ae.
japonicus, 9 Ae. triseriatus, 8 Ae. trivittatus, and 1 each of 3 other Aedes species. In
addition, WNV was detected in 3 pools of Culiseta melanura, 1 pool of Psorophora
ferox and 1 pool of Anopheles punctipennis (MMWR 2000b; Marfin et al. 2001). Culex
nigripalpus was detected as a vector in Florida in 2001 (Rutledge et al., 2003). West
Nile virus has also been isolated from Aedes taeniorhynchus, Deinocerites cancer and
Anopheles atropos in Florida (Hribar et al., 2003). The primary vector for WNV in
the western USA is Cx. tarsalis (CDC, 20004d).

Conclusions on the public health importance of West Nile virus in North America

The introduction of WNV into North America in 1999 has been followed
by a remarkably rapid spread of the disease to almost all parts of the USA and
many provinces of Canada; it is associated with high morbidity and significant
mortality. The infection has clearly become endemic in virtually all the areas
to which it has spread and one must expect further periodic outbreaks as have
occurred in Europe and Israel as well as sporadic individual cases in humans
and animals. In the absence of a useable vaccine, efficient mosquito programmes
represent the only preventive measure against outbreaks of WNV.

Bunyaviridae

Cache Valley virus

Cache Valley virus (CV), first isolated in Utah in 1956, has been recovered
mainly from mosquitoes and occasionally from vertebrates and has the widest
apparent distribution among this serogroup of viruses in the USA and Canada.
Antibodies against CV and other viruses of the Bunyamwera serogroup are preva-
lent in livestock, large wild mammals and humans from Alaska to Argentina
(Sexton et al., 1997). Cache Valley virus is a bunyavirus that causes foetal death,
still-birth and congenital malformations such as arthrogryposis and anencephaly
in sheep. It has been suggested that CV is the cause of neural tube defects in
humans, although a study in 1997 could not serologically link infection with
anencephaly and other defects (Edwards & Hendricks, 1997). Cache Valley virus
was isolated from a deer hunter in North Carolina who suffered life-threatening,
multi-organ failure, and recent serologic evidence suggests that deer may be a
reservoir host in nature. However, the true zoonotic impact of CV remains to be
determined, and people are most likely infected via mosquito bites rather than
by direct contact with infected animals.
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The virus has been isolated from Anopheles quadrimaculatus, Coquillettidia pertur-
bans, Culiseta inornata, Aedes sollicitans, Psorophora columbiae, Anopheles punctipennis,
Ae. vexans and Ae. trivittatus (Calisher, 1994). It has also been isolated from a single
pool of Ae. dorsalis in New Mexico (Clark et al., 1986).

While CV may be the cause of congenital abnormalities in sheep, its terato-
genic potential for humans is uncertain. However, it has been associated with
human mortality and, rarely, severe illness and close surveillance for the infec-
tion is warranted. Cache Valley virus has been isolated from Ae. albopictus (Moore
& Mitchell, 1997) but the vectorial importance of this species as a vector of CV
(and other arboviruses in the USA) remains unknown.

Jamestown Canyon virus

Jamestown Canyon virus (JC) is a member of the California serogroup.
This group of related viruses is one of 16 serogroups within the genus Bunyavirus,
family Bunyaviridae. Several other human pathogens (e.g. La Crosse virus) also
belong to the California serogroup. Few instances of human disease were associ-
ated with these viruses until 1960 but it is now realized that clinical infections
are very common.

Jamestown Canyon virus has a wide geographic distribution throughout much
of temperate North America. It was first isolated in 1962 from a mosquito in
Colorado and was first recognized as causing disease in humans in 1980 in an
8-year-old girl living in rural southwest Michigan. The child was released after
27 days of hospitalization, and 15 months after discharge she had resumed all
her previous activities with no evidence of neurological sequelae (Grimstead
et al., 1982). Jamestown Canyon virus generally causes a mild febrile illness and,
rarely, aseptic meningitis or primary encephalitis. Many persons may be infected
but show no signs of illness.

Subsequent human infections with JC virus have been recognized from
Alaska, California, Connecticut, Indiana, Illinois, Iowa, Michigan, Minnesota,
New York, North Carolina, Ohio, Wisconsin and Canada. The first recognized
case in Canada occurred in 1981 in Ontario and the virus is found in New-
foundland, Quebec, Ontario, Manitoba and Saskatchewan, and the Northwest
Territories in Canada.

Jamestown Canyon virus persists in cycles of infection among wild ungu-
lates, especially the white-tailed deer (Odocoileus virginianus). Neither small mam-
mals nor domestic animals are likely to be important in disease transmis-
sion. Transovarial transmission has been demonstrated in Aedes stimulans and
Ae. triseriatus. In the western USA, Jamestown Canyon virus has been isolated
almost exclusively from Culiseta inornata. The most important vectors in the
Midwest may be Aedes stimulans and Ae. communis, while Anopheles punctipennis and
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An. quadrimaculatus are potential late season vectors. Over-wintering maintenance
of the virus is probably in mosquito eggs and possibly in hibernating adult
female Anopheles.

Jamestown Canyon virus is very widespread, particularly in the northern USA,
and extends to California and Canada; in some areas the prevalence of antibodies
may be quite high in local human and animal populations, e.g. 55% of 141 horses
in California (Campbell et al., 1990), 17% of 780 Michigan residents (Grimstad
et al., 1986). Serious illness is rare and the disease is not a public health problem
in either USA or Canada.

La Crosse virus

La Crosse encephalitis (LAC) is a mosquito-borne disease that can be
mistaken for herpes simplex encephalitis. It was first identified in LaCrosse,
Wisconsin in 1963. It has been reported in 28 states but may be under-recognized
in others and is generally thought to be under-diagnosed. The number of cases
reported annually in the USA ranges from 30-180. It has been diagnosed in areas
of the eastern portion of Canada. It has been estimated that there may be as
many as 300000 LAC infections annually in the Midwestern USA alone (Calisher,
1994). However, the vast majority of infections are not clinically apparent or
are associated with mild symptoms, suggesting that humans have a powerful
defence against LAC infections.

McJunkin et al. (2001) studied the clinical aspects of 127 LAC patients in the
USA; their symptoms included headache, fever and vomiting (each in 70% or
more of the patients), seizures (in 46%) and disorientation (in 42%). Thirteen
per cent had aseptic meningitis. Hyponatremia developed in 21%, and there
were signs of increased intracranial pressure in 13%. Follow-up assessments,
performed in 28 children, suggested an increase in cognitive and behavioural
deficits 10 <18 months after the episode of encephalitis. Infections from this virus
are endemic to the midwestern USA and primarily affects children between 5-10
years of age. Death occurs in less than 1% of the cases.

La Crosse virus cycles in woodland habitats between Aedes triseriatus and verte-
brate hosts, e.g. chipmunks (Tamias striatus) and the eastern grey squirrel (Sciurus
carolinensis). The virus survives the winter in mosquitoes. During the summer
the virus is amplified horizontally among small mammals. Studies in Wisconsin
found natural infections of LAC in sentinel foxes and in raccoons (Proyon lotor)
(Amundson & Yuill, 1981) and antibodies have been found in deer in Wiscon-
sin and North Carolina. In most endemic areas of the mid-west, Ae. triseriatus is
the principal, if not only vector; Ae. canadensis was shown to be a vector of LAC
in Ohio through isolation of the virus from field-collected specimens. Frequent
identification of Ae. canadensis as a human-biting species has implicated it as an
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auxiliary vector of LAC virus to man (Berry et al., 1986). Aedes albopictus has been
found naturally infected with LAC in North Carolina and in Tennessee (Gerhardt
et al., 2001), but as with other arboviruses, the actual importance of Ae. albopictus
as a vector remains unknown.

La Crosse virus is of public health importance, particularly in the mid-western
states of the USA. Though the number of reported cases is modest, the actual
number of infections is probably quite large and infection with the virus may
have serious consequences in children. As with most arboviruses, only supportive
treatment is available. Control of the vector mosquito should be attempted in
foci of the infection. Inasmuch as a risk factor identified from a survey of LAC
virus case environments was the presence of discarded tyres, this suggests that
removing these may be a more effective control measure than removing other
kinds of containers, or filling tree holes.

Snowshoe hare virus

Snowshoe hare virus (SSH) is classified in the genus Bunyavirus of the
family Bunyaviridae. It is an enveloped, single-stranded RNA virus, one of a large
group of related arboviruses called ‘California serogroup’ viruses. This group
includes Jamestown Canyon virus, the other California serogroup member asso-
ciated with human disease in Canada. The California serogroup derives its name
from the first virus of the group that was recognized — California encephalitis
virus - which was isolated from mosquitoes in California in 1943. Snowshoe hare
virus was first identified in a Snowshoe hare (Lepus americanus) in Montana in
1958. It was first recognized as a cause of human disease in 1978.

Snowshoe hare virus has been reported from all 10 provinces of Canada,
the Yukon, the Northwest Territories and Nunavut. Its worldwide distribution
includes Canada, some adjacent areas of the northern states, Alaska and some
of eastern Asia. Surveys in Canada have found from 0.5-32% of people in the
studied areas possess antibodies to one of two California serogroup viruses; in
most of these people the virus would have been SSH. Disease in humans, when
it occurs, takes the form of infection and inflammation of the brain (meningitis
and encephalitis). Some cases of clinical illness due to SSH probably go unrec-
ognized. However, it appears that infection is much more common than actual
disease.

Snowshoe hare virus persists in a variety of different ecological associations
of wild mammals and mosquitoes and is not limited to a small number of either
vertebrate or invertebrate host species or to a narrow range of habitats. Mosquito
vectors comprise several Aedes species and Culiseta inornata (Mclean, 1975). Snow-
shoe hare virus has been isolated from Aedes stimulans group mosquitoes in
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Massachusetts (Walker et al., 1993), and in the Yukon Territory it has been iso-
lated from the larvae of Ae. communis and Cs. inornata.

Despite its wide distribution, SSH is of very limited public health importance
in the area in which it is restricted in the northern USA and Canada.

Conclusions on the public health importance of arboviruses in
North America

As the recent outbreak of WNV has shown, mosquito-borne arboviruses
are of very considerable public health importance in the USA and Canada; the
introduction and remarkable spread of WNV demonstrates that North America is
at risk to the introduction of exotic arboviruses. St. Louis virus and Venezuelan
equine encephalitis in periodic outbreaks have had serious effects on human
populations. The reason for the periodic outbreaks is not always well understood
and control is often difficult.

There have been serious epidemics of Rift Valley fever in southern Africa,
Egypt and recently in Saudi Arabia. This virus, or others, could be introduced
into North America with predictably grave effects on humans and domestic
animal populations. Constant surveillance is necessary as is the preparation of
plans for control. Clinicians should be aware of the diagnostic possibility of
arboviruses especially among travellers returning from endemic areas.
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Mosquito-borne diseases — malaria

As has been noted previously malaria was a severe scourge in much of
the area of the southeastern states of the USA and as far north as southeast
Canada. With the disappearance of endemic malaria, the importance of malaria
for both countries is primarily as an imported disease. Since 1957, nearly all
cases of malaria diagnosed in the USA have been imported. Approximately half
the cases of imported malaria occur among USA-born civilians and half among
foreign-born civilians, many of whom contract malaria while visiting their coun-
tries of origin. Malaria frequently occurs among military service men returning
from endemic countries who have not complied with recommended chemo-
prophylaxis recommendations. In the USA, about 1200-1500 malaria cases are
reported annually which are mostly attributed to imported malaria. These cases
describe travellers or immigrants coming from malaria-endemic areas, where
they were infected, and developing signs of malaria after arriving in the USA.

A total of 1337 cases of malaria, including 8 deaths, were reported for
the year 2002 in the USA. Of these 1337 cases, all but 5 were imported,
i.e., acquired in malaria-endemic countries. The USA Centers for Disease Con-
trol (CDC) report that in the USA, between 1957 and 2003, 63 outbreaks of
locally transmitted mosquito-borne malaria have occurred; in such outbreaks,
local mosquitoes become infected by biting persons carrying malaria parasites
(acquired in endemic areas) and then transmit malaria to local residents. Of the
10 species of Anopheles mosquitoes found in the USA, the 2 species that were
responsible for malaria transmission prior to eradication (Anopheles quadrimac-
ulatus in the east and An. freeborni in the west) are still widely prevalent; thus
there is a constant risk that malaria could be reintroduced into the USA. Dur-
ing 1963-1999, 93 cases of transfusion-transmitted malaria were reported in the
USA; approximately two-thirds of these cases could have been prevented if the
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implicated donors had been deferred according to established guidelines (CDC,
2004d).

Imported malaria cases are not always diagnosed in a timely manner due
to the unfamiliarity of many clinicians with symptoms of the disease; a delay
in the diagnosis of Plasmodium falciparum may result in death. There were a
total of 118 deaths due to malaria in the USA between 1979 and 1998 with an
average of 5.9 deaths per year. Specific epidemiological data provided by the
CDC regarding the 40 deaths that occurred between 1992 and 1998 yielded the
following results. Deaths occurred in patients ranging from 9 months to 89 years
of age (median, 53 years). Thirty-eight (95%) of these were due to P. falciparum
and two (5%) due to P. vivax. Anti-malarial chemoprophylaxis was taken in 40%
of cases, not taken in 45% of cases and unknown in 15% of cases. Twenty-four
(60%) of the cases involved US travellers to malaria-endemic areas, of whom 59%
travelled to Africa, 25% to South America, 8% to India, 4% to Haiti and 4% to
unspecified areas. The remaining cases included 11 foreign travellers to the USA
(27.5%), 3 induced cases (7.5%) and 2 undetermined cases (5%). Thirty-nine (98%)
of the cases were diagnosed antemortem and only one case was known to have
come to the attention of the medical examiner/coroner (Stoppacher & Adams,
2003).

The cost of treating malaria cases in persons that fall ill upon return to the
USA can be very substantial and this will be discussed below. The failure of trav-
ellers to seek advice on malaria chemoprophylaxis and poor compliance with
recommendations when such advice has been sought is perhaps the major cause
of the occurrence of malaria cases after travel to endemic areas. The percentage
of US travellers who make no use of recommended chemoprophylatic agents
appears to be growing, in part because of a fear of side effects from the anti-
malarial agents. Inasmuch as most of the imported cases, especially among trav-
ellers to Africa, are due to P. falciparum, the failure to comply may have serious
consequences. Cave et al. (2003) carried out a study on a large number of foreign
travellers to Nepal who originated from several different countries; the group
included 1303 persons who responded to a questionnaire. Two hundred and
eighty-eight respondents had taken chemoprophylaxis specifically for their trip
to Nepal (22%), whereas 958 had not. Travellers from the UK and Denmark were
significantly more likely, and those from the USA and Germany significantly less
likely, to be taking chemoprophylaxis. Most of the travellers who responded had
sought pre-travel advice (71%), and all sources were more likely to advise them
not to take chemoprophylaxis than to take it. However, travellers advised by a
family practitioner were significantly more likely to be taking chemoprophylaxis
than those advised by a travel medicine specialist. The most common reason for
choosing not to take chemoprophylaxis was either the occurrence of side effects
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or the fear of them (31%). Several studies have been carried out on immigrants
to the USA and Canada who have travelled, usually with their families, to visit
their country of origin. Only a very low percentage reported using chemoprophy-
laxis though most were aware of the risk of contracting malaria in the countries
they visited. The increase in drug-resistant malaria has also been a factor in the
limited use of chemoprophylaxis. Often health-care providers asked for guid-
ance, when uncertain as to the most appropriate chemotherapeutic agents and
dosages to be used for travel to malaria-endemic countries.

In Canada the number of imported cases of malaria is generally around 400
cases annually with a high of 1036 reported cases in 1997. However, it is esti-
mated that only 30-50% of the actual cases are reported to public health agencies
and the true number of imported cases into Canada is likely to be higher. Kain
et al. (2001) noted that over the last decade there has been a marked increase
in cases of drugresistant and severe malaria in Canadian travellers. Risks for
malaria infection include inappropriate recommendations for malaria preven-
tion by health-care providers and lack of knowledge about or adherence to appro-
priate recommendations by the travelling public. Risks for death include delays
in seeking medical attention, delays in diagnosis and inadequate care by physi-
cians and hospitals.

The relative frequency of malaria species imported into Canada has changed
over time, with a gradual increase in the proportion of P. falciparum cases from
20-30% in the early 1980s to 60-70% in the 1990s and 70-80% in the present
decade (MacLean et al., 2004); among Canadian travellers, sub-Saharan Africa
was the region where most patients contracted malaria, with 353 case-patients
(65%), followed by South Asia (23%), Southeast Asia (6%), Central America (5%)
and South America (1%). However, India, with 110 cases (20%), was the single
most frequent source. Tourists (29%), immigrants or refugees (29%) and foreign
workers (24%) represented the categories most frequently reported.

Conclusions on the public health importance of malaria in
North America

The fact that between 1957 and 2003, 63 outbreaks of locally transmitted
mosquito-borne malaria occurred in the USA indicates that the country remains
at risk of introduced malaria causing local transmission. Keeping in mind the
extensive public health network in the USA, there is little likelihood that these
small, local outbreaks might lead to the re-establishment of malaria transmis-
sion. The imported cases require costly treatment and greater attention should
be given to ensuring that travellers to endemic countries are made aware of the
risks and take appropriate chemoprophylaxis. There is also little concern about
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the possibility of re-establishment of malaria transmission in southern Canada
where the potential vector would be Anopheles quadrimaculatus and the health
network would quickly detect any local transmisssion.

The history of malaria in North America reinforces the viewpoint that
although increased temperatures may lead to conditions suitable for the re-
introduction of malaria to North America, socioeconomic factors such as public
health facilities will play a large role in determining the existence or extent of
such infections. The public health importance of malaria lies mainly in the sub-
stantial cost of the medical care and treatment of the large number of imported
cases.
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Mosquito-borne filarial infections

At one time bancroftian filariasis (Wuchereria bancrofti) was endemic in
limited areas of the southern USA. Chernin (1987) suggested the hypothesis that
bancroftian filariasis, which had been endemic since the early days of slavery in
Charleston, South Carolina, disappeared around 1930 by virtue of the long-term
effects of a municipal sewerage-water system begun in the 1890s or thereabouts.
These public works, originally intended to abate typhoid and related diseases,
helped to eliminate filariasis by reducing the availability of polluted domestic
waters which are the preferred breeding sites for the urban vector, Culex quin-
quefasciatus. With the disappearance of this focus, the only filarial infection of
man in the USA is the occasional case of dirofilariasis.

Canine heartworm disease is transmitted by mosquitoes and results from
parasitization by the filariid worm Dirofilaria immitis. While presenting some
danger to humans, the filariid has its greatest impact on canine populations
and, to a much lesser extent, on feline populations. It is a potentially fatal infec-
tion in both dogs and cats. In recent years the disease has become established
throughout much of the USA and part of Canada. Both D. immitis and D. repens,
also found in dogs and cats, are found in Europe but in the USA the causative
agents of human dirofilariasis may be D. immitis and D. tenuis; the natural hosts
of the latter species are raccoons (Procton lotor) and opossums (Didelphis species).
Heartworm is able to infect wild animals such as wild canines, ferrets (Mustela
nigripes), muskrats (Ondatra zibethica), raccoons (Procton lotor), brown or grizzly
bears (Ursus arctos), horses, coyotes (Canis latrans), wolves, foxes etc. Consequently,
once heartworm is introduced in an area it is very likely to become endemic, as
wild animals can not be treated with a preventive drug and transmission thus
goes unchecked. Humans are dead-end hosts and microfilaraemia are not seen
in the blood. The pathology of human dirofilariasis has already been described
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earlier. In the USA, the first case of subcutaneous dirofilariasis reported occurred
in 1941 in New Orleans when Dirofilaria infection was discovered in a female
cadaver (Shah, 1999). Before this it was not thought that Dirofilaria species were
capable of infecting humans. The first case of human pulmonary dirofilariasis
(HPD) was not reported until 1961. Fewer than 100 such cases have been reported
in the USA, mostly from along the Atlantic Seaboard and Gulf Coast. The fre-
quency and distribution of human infection is independent of dog ownership.

Diagnosis of human cases of dirofilariasis (HPD) is generally made by surgical
resection, since it is often preoperatively presumed to be lung cancer. Dirofilaria
immitis is known to cause solitary pulmonary nodules in humans. Human pul-
monary dirofilariasis is more prevalent along the coastal regions of the USA,
especially along the Mississippi River Valley. The incidence of this disease in
Canada is relatively low. The four areas of Canada that are most dangerous
are Southern Quebec, the region south of Winnipeg, the Okanagan Valley and
Southwestern Ontario. Southwestern Ontario accounts for 90% of all cases in
Canada.

Other species of Dirofilaria which only rarely have a relation to human disease
include D. tenuis infection which is found only in raccoons (P. lator) in the south-
eastern USA, in the region between Florida and Texas, south of Arkansas; about
75% of all infections with this species have come from Florida. Dirofilaria ursi
infection is found in the northern USA and Canada in bears (U. arctos). Dirofilaria
subdermata infection is found in the northern USA and Canada in porcupines
(Erithizon dorsatum). Dirofilaria striata infection is found in some species of wild
cats including the puma (Puma concolor) on the American continent and D. lutrae
infection is found in American otters (Lontra canadensis).

Dirofilaria ursi is transmitted by simuliid blackflies, and D. tenuis is transmitted
by Aedes taeniorhynchus and Anopheles quadrimaculatus. Aedes vexans is probably the
principal vector of D. immitis in the USA and Canada while An. quadrimaculatus,
An. punctipennis, Ae. trivittatus, Ae. sierrensis and Ae. albopictus have been found
naturally infected and are probably focal vectors.

Since the distribution of human dirofilariasis infection in the world roughly
parallels the distribution of infection in the animal hosts, the most effective
means of prevention of human disease is to reduce the incidence and prevalence
of infection in the animal hosts. This strategy will be most effective in the species
D. immitis, which is the infectious agent of heartworm in dogs, and to a lesser
extent cats. There are drugs that can be given orally to domestic dogs and cats
for the prevention of heartworm, including ivermectin, milbemycin, oxime and
diethylcarbamazine (DEC). Use of these medications will be an effective means of
reducing the rate of dirofilariasis in the parasite’s natural hosts, and as a result,
in humans as well. Treatment of animals should be carried out by a veterinarian.
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The public health importance of dirofilariasis

The human public health importance of dirofilariasis in North America
is relatively minor. Many cases go undiagnosed and others recover spontaneously
without medical intervention. However, the veterinary costs associated with
prevention and treatment of infected dogs and cats is considerable. Canine
heartworm infection is widely distributed throughout the USA and heartworm
infection has been found in dogs native to all 50 states. All dogs regardless
of their age, sex or habitat are susceptible to heartworm infection. Most dogs
infected with heartworm can be successfully treated.
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Sandfly-borne diseases

The phleboviruses

The sandfly-transmitted viruses are all within the Bunyavirus group, the
phleboviruses; globally, some 45 viruses are associated with sandflies. Sandfly
fever, which is widespread in southern Europe and the Middle East, has not
been found in the USA or Canada. In fact the only phlebovirus which is known
to occur in the USA is Rio Grande virus which was isolated in Texas from pack
rats (Neotoma micropus) (Calisher et al., 1977). The infectious agent has not been
reported from humans.

Most phleboviruses are associated with sandflies. A notable exception is Rift
Valley fever which is found in Africa, Egypt and, most recently, in Saudi Arabia
and Yemen. The infection, transmitted by culicine mosquitoes, causes severe
illness and mortality in man and animals and, as has been noted earlier, the
movement of the infectious agent should be kept under close surveillance to
prevent its entry to the Americas.

Leishmaniasis

Leishmaniasis occurs focally in the Americas from Yucatan, Mexico,
through Central and South America to the Peruvian Andes. The pathogenic
New World species include the Leishmania braziliensis complex (L. braziliensis,
L. panamensis and L. guyanensis), L. mexicana complex (L. mexicana, L. amazonensis,
L. venezuelensis), L. peruviana and L. chagasi.

Several foci of endemic leishmaniasis have been reported in the USA.
Autochthonous human cutaneous leishmaniasis (CL) caused by Leishmania mexi-
cana appears to be limited to south central Texas and perhaps Oklahoma in the
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USA; the infection is not found in Canada other than as an imported infection
or, in a single instance, in a dog. Periodic cases of localized cutaneous and dif-
fuse CL have been reported in southern Texas and Oklahoma. The usual reservoir
host is the wood rat (Neotoma micropus) of the southern plains (Kerr et al., 1995),
but parasites have been identified in coyotes (Canis latrans) and domesticated
dogs and cats. Leishmania mexicana is transmitted by the sandfly vector Lutzomyia
anthophora (McHugh et al., 1993). Cases are usually associated with exposure to
the habitat of the wood rat. A case of visceral leishmaniasis (VL) with antibodies
to L. donovani has also been diagnosed in a dog in Texas (Sellon et al., 1993).
Leishmania mexicana has been isolated from the white-throated woodrat (Neotoma
albigula) near Tuscon, Arizona extending the distribution of enzootic leishmani-
asis in the USA to the west (Kerr et al., 1999).

In 1999 a disease started to kill fox hounds in the USA and subsequent lab-
oratory investigations showed the cause to be leishmaniasis. None of the dogs
had travelled to an area in which the disease was present, and the origin of the
infection has not been found. Blood tests have since confirmed that about 12% of
fox hounds in 29 states of North America, and in one state (Ontario) in Canada
have been exposed to the parasite, but tests on other pet dogs and wildlife in the
same areas have proved to be negative. The member of the L. donovani complex
identified in dogs in the USA is L. infantum (Rosypal et al., 2003). No humans
have so far developed signs of the disease. The role of sandfly vector remains
uncertain.

Travellers and military personnel from the USA are at risk overseas. Since
1969, over 450 US military personnel and dependents have been diagnosed with
and treated for leishmaniasis. During the Persian Gulf War, 20 cases of CL and
12 cases of VL were reported. The Center for Disease Control and Prevention was
notified of 129 cases between 1985 and 1990 involving travellers from the USA
who acquired the disease abroad. Many hundreds of cases of CL are being treated
among soldiers returning from Iraq and Afghanistan. A small number of cases
of VL have also been imported.

The finding of previously unknown foci of autochthonous cutaneous and
visceral leishmaniasis in the USA along with the finding of potential sandfly
vectors in areas where they were not previously known (Ostfeld et al., 2004)
raises concern. Though not as yet a public health problem, the importance of
the disease merits further study on its distribution and epidemiology in the
USA.
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Ceratopogonidae - biting midge-borne
diseases

Members of this family of biting midges can be severe nuisances. They
are vectors of bluetongue virus among cattle and sheep in the USA, transmitted
by Culicoides occidentalis and C. variipennis sonorensis among other species, but
are not known to be vectors of any human disease in North America. With
the exception of a few species of Leptoconops, those species of biting midges
attacking man and livestock in Canada all belong to the genus Culicoides. More
than 50 species of this genus occur in Canada, most feeding either on mammals
or on birds, although a few attack only reptiles or amphibians. Despite the
large number of species found in Canada, relatively few are pest species. In the
boreal forest, especially in eastern Quebec and the Atlantic Provinces, Culicoides
sanguisuga and other species can make camping in forested areas intolerable in
late June and July. In the Maritimes, adjacent to coastal salt marshes, C. furens
can be abundant, although not the problem it is farther south in the USA. Main
Drain serotype viruses in sheep in California have been associated with Culicoides
variipennis. The group can be the cause of severe allergy in horses in the USA
and Canada.
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Dipteran-caused infections - myiasis

Autochthonous infestations by dipteran larvae or myiasis occur both in
the USA and Canada. An aetiological classification of myiasis-causing flies has al-
ready been given in the section discussing myiasis in Europe. As has already been
stated, most myiasis-causing flies belong to one of three major families: Oestri-
dae, Sarcophagidae or Calliphoridae, although representatives of other families,
such as Muscidae and Phoridae, also are known to cause human myiasis.

In the USA cases of human myiasis due to the following species have been
reported: the secondary screwworm fly (Cochliomyia macellaria), the common cat-
tle grub (Hypoderma lineatum), the green bottle (Lucilia sericata), the sheep botfly
(Oestrus ovis), the black blow fly (Phormia regina), the stable fly (Stomoxys calcitrans)
and the grey flesh fly (Wohlfahrtia vigil (= W. opaca)). Two cases of myiasis caused
by C. macellaria and the little house fly (Fannia canicularis) have been reported
from Canada.

The New World screwworm (Cochliomyia hominivorax) was at one time found
throughout the southern USA, Central America and tropical regions of South
America. As a result of massive state, federal and international eradication pro-
grammes, extant populations of C. hominivorax are no longer found in the USA or
Mexico; isolated reports are often traced to the importation of infested animals
from locations where the screwworm is still prevalent. Screwworm populations
are found in Central and South America and in certain Caribbean Islands. Adult
females deposit eggs in open wounds or discharging orifices, such as the nose.
Larvae invade adjacent living tissue, including cartilage and bone. Because infes-
tation of ears and nose provides the larvae with access to brain tissue, myiasis
caused by C. hominivorax is more dangerous than infestation with other agents.

The occurrence of myiasis in hospitals, i.e. nosocomial myiasis, in Europe
has already been discussed. Finlay et al. (1999) reported the case of a 55-year-old
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man from Massachusetts who contracted nasal myiasis while hospitalized with
pneumonia and renal failure. About 100 larvae of Lucilia sericata were retrieved
from his left nasal cavity by nasal-tracheal suction and by manual removal. The
nasal trubinates were inflamed and copious amounts of bloody exudate were
suctioned from the patient’s nose and oropharynx. Sherman (2000) reviewed
the epidemiological characteristics of human wound myiasis in the USA; of the
42 cases reported to him, 2 (5%) of the infestations were nosocomially acquired
and not necessarily associated with patient neglect, both the patients being
hospitalized at the time of their infestation. Host age averaged 60 years, with
a male:female ratio of 5.5:1. Homelessness, alcoholism and peripheral vascular
disease were frequent co-factors.

In a rather bizarre case of nasal myiasis, a large city hospital experienced
an infestation of mice which was controlled, in part, by broadcasting poisoned
baits. Months later there was an invasion of flies into the hospital, and two
comatose patients in an intensive care unit were infested with nasal maggots.
Adult flies were trapped and maggots removed from the nares of the second
patient for identification; these were identified as the green bottle fly (Lucilia
sericata). Recent downsizing of hospital personnel had led to the unintended
and unrecognized loss of housekeeping services in the canteen food storage
areas. A mouse infestation of the hospital occurred, with the epicentre in the
canteen area. An attempt to control the mice was made by scattering poisoned
bait and using rodent glue boards. This resulted in the presence of numerous
mouse carcasses scattered throughout the building which attracted the blowflies.
Adult gravid female flies trapped in the new intensive care unit (where mice
were not present) laid eggs in the foetid nasal discharge of the two comatose
patients. Live trapping of mice and removal of carcasses led to an abatement
of the fly infestation. The cause-and-effect nature of the mouse carcasses and
flies was underscored a year later when an outbreak of L. sericata occurred in
the operating department and was linked to the presence of mouse carcasses
on glue boards which had not been removed the previous autumn (Beckendorf
et al., 2002).

Many of the cases of cutaneous myiasis acquired in North America are
attributable to Cuterebra species. Such cases are not common and only some 57
cases of cuterebrid myiasis have been reported in North America. Autochthonous
cases are infrequently reported and are most often due to accidental infes-
tation of humans by larvae of flies belonging to the genus Cuterebra, com-
monly known as rabbit bot flies or rodent bot flies. North American cutere-
brid myiasis is rare, and the diagnosis is frequently delayed. Myiasis should be
considered when treating patients with refractory furunculosis (Safdar et al,
2003).
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Flies of the family Sarcophagidae normally develop in decomposing tissue and
are considered facultative parasites. Larvae of these flies parasitize wounds and
other damaged tissues, and some species further invade living tissues adjacent
to the wound. Wohlfahrtia vigil, the grey flesh fly, is incapable of penetrating
adult skin; infestation occurs only in infants.

Myiasis is not a broad public health problem as infestations are almost always
self-limited. The occurrence of nosocomial myiasis in hospitals is unfortunate
and avoidable.
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Flea-borne diseases

Plague

As has been noted previously, plague caused by Yersinia pestis first
appeared in North America in San Francisco, in 1900. Plague is now endemic in
North America from the Pacific Coast eastward to the western Great Plains and
from British Columbia to Alberta, Canada and southward to Mexico. Most of
the human cases occur in two regions; one in northern New Mexico, northern
Arizona, and southern Colorado, another in California, southern Oregon and far
western Nevada. Transmission of plague from person to person is uncommon
and has not been reported in the USA since 1924. The last rat-borne epidemic in
the USA occurred in Los Angeles in 1924-1925. Since then, all human plague in
the country has been sporadic cases acquired from wild rodents or their fleas or
from direct contact with plague-infected animals. Historically the plague bacillus
has been demonstrated in western Canada during field studies involving rodents
and fleas. More recent studies have resulted in the demonstration of antibod-
ies in feral cats and dogs in southeastern Alberta and southwest Saskatchewan
suggestive of ongoing plague activity in Canada. However, there have been no
human cases identified in these areas.

In the USA during the 1980s plague cases averaged about 18 per year. During
1988-2002, a total of 112 human cases of plague were reported from 11 western
states. The majority (87%) were from four states - New Mexico (48), Colorado (22),
Arizona (16) and California (11). Approximately 80% of these exposures occurred
in peridomestic environments, particularly those that provided abundant food
and harbourage for flea-infested, plague-susceptible rodents (CDC, 2002) Most
of the cases occurred in persons under 20 years of age. About one in seven
persons with plague died. A map of the distribution of human plague cases
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Figure 27.1 Number of human plague cases reported, by state and decade, in the
USA, 1944-1993. Oklahoma Center for Family Medicine Research at the University of
Oklahoma Health Science Center, 1(2), April 1999.

in the USA from 1944-1993 is shown in Figure 27.1. Plague was present in Hawaii
for the period 1899-1957 and caused at least 370 fatalities. The simple biotic
system in the islands - bacterium, three rodents and two fleas - appeared unable
to maintain the disease over time. Improved sanitation, mechanized agriculture,
gradients in rainfall and temperature, and the collapse of reservoir host and
vector populations during drought are cited as probable factors in the extinction
of plague from the state of Hawaii (Tomich et al., 1984).

In the continental USA, movement of people to the suburbs has resulted
in larger numbers of people living in or near active plague foci in the west-
ern part of the country and, consequently, increased peridomestic transmission.
Surveillance of plague in rodents and rodent-consuming carnivore populations
indicates that plague has spread eastward in the 1990s to areas that have been
disease free since extensive animal surveillance started in the 1930s (Tikhomirov,
1999). American Indians have accounted for up to one-third of human plague
cases due to their residence in areas of endemic foci and lifestyle (living in
natural areas, shepherding and hunting).

Surveillance for plague in rodent and rodent-consuming carnivore popula-
tions during the 1990s indicates that plague has spread eastward to counties in
areas (e.g. eastern Montana, western Nebraska, western North Dakota and east-
ern Texas) believed to be free of this disease since widespread animal surveil-
lance began in the 1930s. For example, the potential for human plague cases in
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eastern Texas was demonstrated in 1993 when an infected roof rat (Rattus rattus)
and two infected fox squirrels (Sciurus niger) were identified in Dallas. The con-
tinued expansion of human plague in the USA underscores the need to enhance
plague surveillance and to increase efforts to prevent, detect and control human
plague (CDC, 1994a).

Mortality among untreated cases of plague can range from 50-60% for
bubonic plague to virtually 100% for septicaemic or pneumonic plague. Because
the infection progresses rapidly and the organism grows slowly in culture,
prompt empirical therapy with appropriate antibiotics for suspected cases is
critical to reduce mortality and ensure successful recovery. Pneumonic plague
has been rare in the USA but, as will be seen below, the number of cases of
cat-associated pneumonic plague has been increasing.

Rodent and other reservoir hosts of plague in North America

Many species of prairie dogs, ground squirrels, chipmunks, rats and
mice are highly susceptible to Yersinia pestis and are significant reservoir hosts
of plague for humans in the western USA. The rodent species involved differ
with the geographical area. During a period of active surveillance in 1970-1980,
evidence of plague infection was found in 76 species of five mammalian orders
in the USA. In Hawaii, the first infections of plague came from immigrant com-
mensal rats, probably the roof rat, Rattus rattus, and the brown or Norway rat,
R. norvegicus, on ships from the Orient. Both species were already established in
Hawaii and became the widespread local carriers of plague, supplemented by
the Polynesian rat, Rattus exulans, which had colonized the islands in ancient
Polynesian times (Tomich et al., 1984). Rattus species were probably involved in
the first outbreaks of plague in San Francisco in the early twentieth century.

In the southwest the major reservoir hosts of Y. pestis are the prairie dog (Cyno-
mys gunnisoni) and the rock squirrel (Spermotophilus variegatus). Devastating plague
epizootics are common among prairie dog populations in the large colonies
formed by this species. Epizootic outbreaks may kill 99% of the C. gunnisoni
colonies and it may take 4-5 years for the colony to recover. Similar epizootics
have been observed among C. ludovicianus (black-tailed prairie dog), C. leucurus
(white-tailed prairie dog) and C. parvidens (Utah prairie dog).

On the Pacific coast of the USA, the most important reservoir host of Y. pestis
is Spermophilus beecheyi (Californian ground squirrel); the chipmunks (Eutamias
species), Microtus californicus (California voles) and S. lateralis (Wyoming ground
squirrel) are also important reservoir hosts. There has been a single report of
an epizootic in the domestic fox squirrel (Sciurus niger), in Colorado state. In
the northern foci of plague ground squirrels including S. beldingi are important
reservoir hosts (Gratz, 1999a). The black footed ferret (Mustela nigripes) has been
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found infected with plague in Wyoming which endangers the only known colony
of this species.

There has been a significant increase in the number of cases of plague asso-
ciated with domestic cats. Twenty-three cases of cat-associated human plague (5
of which were fatal) occurred in 8 western states from 1977 through 1998, which
represent 7.7% of the total 297 cases reported in that period. No catrelated cases
were reported prior to 1977. Bites, scratches or other contact with infectious
materials while handling infected cats resulted in 17 cases of bubonic plague, 1
case of primary septicaemic plague and 5 cases of primary pneumonic plague.
The 5 fatal cases were associated with misdiagnosis or delays in seeking treat-
ment, which resulted in overwhelming infection and various manifestations of
the systemic inflammatory response syndrome. Unlike infections acquired by
flea bites, the occurrence of cat-associated human plague did not increase signi-
ficantly during summer months. Plague epizootics in rodents also were observed
less frequently at exposure sites for cases of cat-associated human plague than at
exposure sites for other cases. The risk of cat-associated human plague is likely
to increase as residential development continues in areas where plague foci exist
in the western USA (Gage et al., 2000). Although transmission by cats is often
emphasized, ground and rock squirrels (Spermophilus variegatus) remain the most
common animal source of human infections. Chipmunks, and other ground
squirrels and their fleas, suffer plague outbreaks and some of these occasionally
serve as sources of human infection. Deer mice (Peromyscus maniculatus) and voles
(Microtus species) are thought to maintain the disease in animal populations but
are less important as sources of human infection. Other less frequent sources of
infection include wild rabbits, and wild carnivores that acquire infections from
wild rodent outbreaks.

Flea vectors of plague in North America

Inasmuch as all recent cases of plague in the USA have occurred in rural
areas, the most important flea vectors are ectoparasites of the principal reservoir
hosts, rock squirrels particularly and, less frequently, prairie dogs. In California
plague cases are generally transmitted by the most common flea ectoparasites of
the California ground squirrel (Spermophilus beecheyi), which are mainly Oropsylla
montana and to a lesser extent, Hoplopsyllus anomalus. Oropsylla bacchi occurs on
the antelope ground squirrel (Ammospermophilus leucurus) in Arizona and New
Mexico and has been responsible for several human plague infections (Craven
et al., 1993).

The public health importance of plague in North America

Although plague is no longer a particularly important public health
problem in the USA, it may give rise to fatal disease if not promptly diagnosed
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and treated; physicians in the endemic states must be aware of the symptoms
of plague to ensure timely treatment. Furthermore, on at least two occasions
plague has been imported into the USA from an endemic area, once from Viet-
nam (Caten & Kartman, 1968) and once from Bolivia (CDC, 1990). On two other
occasions plague acquired in New Mexico has been diagnosed after hospitaliza-
tion in another state — once in Nebraska (Mann et al., 1982) and once in New
York City (CDC, 2003). Several other cases have been reported of plague among
travellers in the USA between 1950 and 1980.

Much concern has been expressed about the possible utilization of Yersinia
pestis as a bioterror agent, particularly in the form of pneumonic plague; its
high virulence, and its ability to spread by aerosolization makes it a potential
agent of biological warfare in the hands of terrorists (Krishna & Chitkara, 2003).
Though an ancient disease, plague remains of global concern to this day. While
the yearly number of infections in the USA is small, the potential virulence of
an infection and potential fatal outcome of cases that are not diagnosed and
treated in a timely manner, require a high degree of clinical awareness and
public health preparation.

Flea-borne rickettsial diseases

Murine typhus (endemic or flea-borne typhus)

Murine typhus, whose causative agent is Rickettsia typhi, was first
described in 1913 in the USA. By the mid-1940s, murine typhus was known
to be endemic in 38 states though most prevalent in the southern states. Thou-
sands of cases of the disease used to occur annually in the USA (Azad & Beard,
1998). Large scale DDT-dusting programmes were carried out in the southern
USA in the late 1940s for rat-flea vector control resulting in a great diminu-
tion of transmission. As a result of dusting operations with DDT 10% dust,
cases of murine typhus in the southern states decreased from 5338 cases in
1944 to an estimated 2200 in 1947 (Wiley & Fritz, 1948) and further decreased
thereafter.

The classic cycle of R. typhi involves rats (Rattus rattus and R. norvegicus) and,
mainly, the oriental rat flea (Xenopsylla cheopis) which, in most areas, is the main
vector. Transmission is affected by contact with rickettsia-containing flea faeces
or tissue during or after blood-feeding. Reported cases of murine typhus in the
USA are, for the most part, from south and central Texas and the Los Angeles
and Orange County area of California (Sorvillo et al., 1993). Most of the cases
are now associated with an opossum-—cat flea cycle. Both opossums (Didelphis
species) and domestic cats collected from the case areas were seropositive for
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R. typhi antibodies. The cat flea (Ctenocephalides felis) which is also a competent
vector of murine typhus, is the most prevalent flea species (97%) collected from
opossums, cats and dogs in southern Texas; no fleas were recovered from rats
in this area. In addition to R. typhi, R. felis (see next heading on ELB) was also
found in opossums and their fleas; this finding, consistent with surveys in other
areas of the country, further documents the reduced role of the rat and the flea
X. cheopis in the maintenance of murine typhus within endemic-disease areas
of the USA. The maintenance of R. typhi in the cat flea and opossum cycle is
therefore of potential public health importance since C. felis is a very prevalent
and widespread pest on cats and dogs and avidly bites humans.

The changing ecology of murine typhus in southern California and Texas over
the past 30 years demonstrates the effects of suburban expansion. In suburbia
the classic rat-flea-rat cycle of R. typhi has been replaced by a semidomestic
or peridomestic animal cycle involving free-ranging cats and dogs, opossums,
raccoons (Procyon lotor) and squirrels. Fleas found on these animals are picked
up by household pets and brought into homes, and may carry rickettsiae.

Less than 100 cases of murine typhus a year are now reported in the USA.
However, there are occasional outbreaks such as those that have occurred in
Hawaii; while generally uncommon in the state, five cases of murine typhus were
reported on southwestern Kauai, Hawaii in 1998 and in 2002 Hawaii reported
47 cases.

The ELB agent

A rickettsia later named the ELB agent, or Rickettsia felis, was identified
in 1990, when cat fleas (Ctenocephalides felis) were examined as possible vectors
of R. typhi in Texas; a novel Rickettsia-like organism was observed by electron
microscopy in midgut epithelial cells of the fleas. The agent, named the ELB
agent for the EL Laboratory (Soquel, CA), was detected in 1994 and 2000 by
polymerase chain reaction (PCR) in four patients from Texas and Mexico. This
flea-borne rickettsia has been implicated as a cause of human illness (Schriefer
et al., 1994a). In 1995, the name Rickettsia felis was proposed for the ELB agent on
the basis of its phenotypic characteristics, as well as its clear genotypic differ-
ences from other known Rickettsia species. In 1997, the ELB agent was detected
in two other flea species in the USA, Ctenocephalides felis and Pulex irritans. The
organism has recently been reassigned to the spotted fever group of rickettsiae.

Studies in southern Texas revealed the presence of both Rickettsia typhi and
the ELB agent in cat fleas and the first observation of ELB-infected vertebrates
(opossums Didelphis virginiana). The persistence of the murine typhus disease
focus appeared to be better accounted for by the presence of infected cat
fleas, opossums and other non-rat hosts found in close association with human
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populations. Involvement of the ELB agent in the biology of murine typhus
was suggested by its prevalence among suspected vectors and reservoir hosts
(Schriefer et al., 1994b). Rickettsia felis is now known to have a wide distribution
both in the USA and in Central and south America, Europe and Australia. It
is frequently present in cats and cat fleas which play an important role in the
maintenance of R. felis and its transmission to humans with the involvement
of an opossum/Rickettsia/cat flea triad in the flea-associated rickettsial transmis-
sion cycle of urban and suburban areas of south Texas and southern California
(Boostrom et al., 2002).

Infections due to R. felis represent an emerging disease associated with murine
typhus and its flea vector as well as an emerging transmission complex involving
opossums which had not been previously recognized. It seems likely that the
infection will be found to be even more widespread; at present, much remains
to be learned about its epidemiology.

Cat scratch disease

Cat scratch disease (CSD) commonly occurs as a result of infection
by Bartonella henselae. The disease has emerged as a relatively common and
occasionally serious zoonotic infection among children and adults in the USA.
Some 80% of the cases occur among children. Although CSD occurs in persons
of all ages, the highest age-specific incidence is among children < 10 years of
age. Infection with B. henselae is one of the most common causes of chronic
lymphadenopathy among children, and in some case series up to 25% of these
infections result in severe systemic illness. Cat scratch disease is generally a
mild, selflimited illness; the differential diagnosis often includes more seri-
ous conditions (e.g. lymphoma, carcinoma, mycobacterial or fungal infection, or
neuroblastoma). Cat scratch disease was first described as a clinical syndrome in
1931, but it was not until 1983 that a bacterial aetiology was determined, and in
1992 the specific cause of CSD was identified as B. henselae (Koehler et al., 1992).

Cat scratch disease is a feline-associated zoonotic disease, with an estimated
annual incidence in the USA of at least 22 000 human cases, although Thompkins
(1997) thought the number of cases annually in the USA was about 40 000. As
has been noted, cat-to-cat transmission may occur by the cat flea Ctenocephalides
felis but the exact role of fleas or other arthropods in the transmission of this
pathogen to humans is not known. Scratches, licks and bites from domestic
cats, particularly kittens, are important risk factors for infection. The infec-
tion is a paediatric problem in most parts of the USA. Bartonella henselae has
been isolated from a high percentage of cats studied; Jameson et al. (1995) deter-
mined serum antibody titres to B. henselae for selected pet cats from 33 locations
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throughout the USA and several areas of western Canada. Seroprevalence paral-
leled increasing climatic warmth and annual precipitation; the warm, humid
areas would have the largest numbers of potential vectors. The southeast USA,
Hawaii, coastal California, the Pacific northwest and the south central plains
had the highest prevalences (54.6%, 47.4%, 40%, 34.3% and 36.7% respectively).
Alaska, Rocky Mountain-Great Plains region and the Midwest had low average
prevalences of 5%, 3.7% and 6.7% respectively. Overall, 27.9% (175/628) of the cats
tested were seropositive. Guptill et al. (2004) collected blood from 271 cats in
four areas of the USA (southern California, Florida, metropolitan Chicago and
metropolitan Washington, DC). Sixty-five (24%) cats had B. henselae bacteraemia,
and 138 (51%) cats were seropositive for B. henselae. They also found that flea
infestation, adoption from a shelter or as a stray cat, hunting, and being from
Florida or California were significant risk factors for B. henselae seropositivity.

The association between B. henselae infections and fleas was also confirmed
by Foley et al. (1998), who attempted to determine what factors were common
to catteries with high B. henselae antibody prevalence compared with catteries
with low prevalence; they noted the overall seroprevalence in 11 catteries from
diverse geographical locations in North America in their study was 35.8%. They
found that flea infestation was the most important risk factor for high B. henselae
seroprevalence in the catteries they surveyed.

Although the existence of CSD has been known for some decades, it is
only with the advent of more sensitive diagnostic tests that the true mag-
nitude of infections can be seen. While, for the most part, the infection is
benign in most patients, B. henselae infection has also been linked to bacil-
lary angiomatosis, a vascular proliferative disease most commonly associated
with long-standing human immunodeficiency virus infection or other signi-
ficant immunosuppression; it has also been associated with bacillary peliosis,
relapsing bacteraemia and endocarditis in humans. A study in a hospital in
Huston, Texas emphasized that although CSD is generally a mild, self-limited ill-
ness, the differential diagnosis often includes more serious conditions (e.g. lym-
phoma, carcinoma, mycobacterial or fungal infection, or neuroblastoma) that
might result in protracted hospital stays and lengthy treatments before diagno-
sis. Timely assessment of CSD is important, particularly when invasive diagnostic
measures are being considered (CDC, 2002a). The public health burden of CSD
is probably considerably higher than has been commonly thought and effective
flea control on pet cats should be carried out as a measure of prevention.
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The louse-borne diseases

Louse-borne or epidemic typhus

The epidemiological cycle of louse-borne typhus has been described in
the section on this disease in Europe. The last louse-borne outbreak of the disease
in the USA was in 1921 but sporadic cases of Rickettsia prowazekii are still reported.
Between January 1976 and January 1979 serum specimens from 1575 individuals
were received at the US Centers for Disease Control and tested for antibodies to
rickettsiae. Of these, sera from 8 persons gave serological results indicative of
recent infections with epidemic typhus rickettsiae. Five of the persons were from
Georgia, and one each was from Tennessee, Pennsylvania and Massachusetts.
The illnesses occurred during the winter, chiefly in persons living in a rural
environment. The clinical picture was compatible with louse-borne epidemic
typhus. There was no apparent contact with human body or head lice among
the patients, and no cases occurred in patient contacts, indicating that infection
was not associated with the classic man-louse-man cycle of epidemic typhus.
Two of the eight patients had contact with flying squirrels (Glaucomys volans)
suggesting that they became infected from this known non-human reservoir
host of R. prowazekii (McDade et al., 1980). Thus the infection is now known to
exist as a zoonosis of flying squirrels in the USA. There have been 33 human
infections diagnosed between 1976 and 1984; none of the cases has died. Most
of the patients have either handled squirrels or squirrels have been present in
the patient’s home. Rickettsia prowazekii probably evolved from R. typhi but it is
not known whether it first appeared in squirrels or humans (CDC, 1984).

McDade (1987) concluded that information gathered during the past decade
indicates that the eastern flying squirrel, G. volans, is a zoonotic reservoir host
of R. prowazekii. The sporadic cases of typhus that have occurred in the USA in
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association with flying squirrels provide evidence that the squirrels can transmit
R. prowazekii infection to humans. Strains of R. prowazekii isolated from flying
squirrels multiply readily in human body lice, but flying squirrel lice, although
readily infected, are very host-specific and tend not to bite humans. The infection
may be spread to humans in infective ectoparasite faeces aerosolized when the
flying squirrels groom themselves. The author observed that current concepts of
typhus epidemiology and control must be re-evaluated to take into account this
zoonotic aspect.

The usual vectors of louse-borne typhus, body lice, are not common in the
USA or Canada. It thus seems very unlikely that epidemic typhus could spread
from the zoonotic reservoir hosts in flying squirrels and be the source of an
epidemic outbreak of the disease and the threat to public health is thus minor.

Trench fever

The causative organism of trench fever is Bartonella quintana, transmit-
ted by the body louse (Pediculus humanus.) Its great incidence during World War
I in Europe has been described previously. Bartonella quintana is a gram-negative
bacterium transmitted to humans by its only known reservoir host, the body
louse. Bartonella quintana has been recently found in cat fleas though their vec-
torial role is unknown. Trench fever is characterized by a fever, headaches and
leg pain, followed by relapses every 5 days which were the first clinical mani-
festation of B. quintana infection to be described during World War I. Since that
date, additional manifestations of B. quintana infection, including endocarditis,
bacillary angiomatosis and chronic bacteraemia, have been described. Reports of
the re-emergence of B. quintana among urban homeless populations in Europe
have been described above.

In the USA, between January and June 1993 in Seattle, Spach et al. (1995)
isolated B. quintana from 34 blood cultures obtained from 10 patients not known
to be infected with HIV; all of the patients were homeless, inner-city patients
with chronic alcoholism. Body lice infestations were not documented among
the patients. In a follow-up study in Seattle, 20% of the patients in a downtown
clinic serving an indigent and homeless population, had a greater than 1:64
microimmunofluorescence titre to B. quintana, although most of these patients
did not have symptoms of infection (Jackson et al., 1996).

Shortly thereafter, the organism was identified in Oklahoma City and among
inner-city intravenous drug users in Baltimore, Maryland, in the latter case along
with Bartonella elizabethae and B. henselae (Comer et al., 1996). In San Francisco,
the cases of B. quintana infection were seen to be accompanied with body lice
infestations (Thompkins, 1997). Lice infested, homeless people who are frequently
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also alcohol dependent are at greatest risk from B. quintana infections; the vector
is the body louse (Pediculus humanus), but the reservoir host of the infectious agent
remains unknown as well as where the organism persists before its reappearance.
It appears that the cases of urban trench fever are often associated with HIV
infections and that the major predisposing factors include poverty, low hygiene
and chronic alcohol dependency.

Bartonella quintana is also present in Canada where, as in other countries,
alcohol dependency and homelessness without previous valvular heart disease
are risk or predisposing factors for B. quintana infection.

The reappearance of trench fever in cities far distant from one another in
Australia, France, Germany, Greece, Russia, the UK and the USA after a long
absence of any reports of the disease is a dramatic example of a resurging disease.
Much work remains to be done on the epidemiology of this disease to elucidate,
among other questions, what reservoir host has maintained trench fever over a
period of several decades.

Body louse infestations

Body louse (Pediculus humanus) infestations in the USA and Canada
mainly affect the homeless. There are indications that a recrudescence of body
lice infestations is occurring as the numbers of individuals living under social
conditions which predispose towards infestation has increased. Very little infor-
mation is available on the prevalence of body louse infestations in either coun-
try as most infestations are among population groups that are found difficult
to survey.

Head louse infestations

An estimated 6-12 million head lice (Pediculus capitis) infestations occur
annually in the USA (West, 2004) with children of ages 3-12 most likely to be
affected. The actual incidence may vary greatly but in both countries as much
as 10% of the school children can be infested (Gratz, 1997). There are significant
direct costs associated with treatment for the control of head lice and indirect
costs due to lost time from school. Anecdotal reports suggest that direct costs of
treatment are in the hundreds of millions of dollars annually (Hansen & O’Haver,
2004). Clore & Longyear (1990) reported that US $367 million were dispensed
annually for head lice control in the USA including sums expended for the
purchase of over the counter pediculicides and expense to the school systems.
This will be further detailed below.

The presence of head lice among school children is generally viewed with
much concern by parents and teachers. Many schools have an unfortunate ‘no



The louse-borne diseases

nits’ policy which does not permit children to return to classes until their hair
is free of nits or, at least, until they have a certificate of treatment (ignoring the
fact that most infestations are actually contracted at the schools). This needlessly
disrupts the child’s education and ignores the fact that head lice are not a vector
of disease.

Most cases of head lice in the USA, and elsewhere, are diagnosed and treated
by non-physicians such as school nurses. Misdiagnosis may lead to treatment
when no lice are present. Treatment failure may lead to repeated use of and
improperly applied pediculicides, potentially resulting in overexposure to pesti-
cides. These treatment failures are primarily due to the emergence of insecticide-
resistant lice strains. In areas where resistant lice are common, patients or
their families may self-treat numerous times with over-the-counter pediculicides
before seeking advice and treatment from a physician (Burkhart, 2004).

Although head lice are not vectors of any disease, at most causing skin irrita-
tion and infections due to scratching if left untreated, they are of public health
importance because of the considerable sums spent for their control; as has been
said earlier, these large expenditures detract from resources that would other-
wise be available for other health-care problems or household expenditures.

Pubic louse infestations

Again it must be emphasized that pubic or crab lice (Pthirus pubis) are
not vectors of disease. Nevertheless, they are of considerable public health impor-
tance as their presence is frequently associated with other sexually transmitted
diseases (STDs). It is worth repeating that physicians finding pubic lice should
consider the possible presence of other venereal infections among infested
patients as there is a high degree of correlation between the presence of P.
pubis and other venereal infections. Furthermore, the possibility of sexual abuse
having occurred should be considered in children who are found with pubic
louse infestations.

The findings of Pierzchalski et al. (2002) described above bear repeating; the
authors commented that health-care providers not skilled in the evaluation of
sexually transmitted infections may treat pubic lice infestation without consider-
ing the possible presence of other infections. They carried out a study comparing
the rate of Chlamydia and gonorrhea infections in adolescents, with and without
pubic lice, among a study group of 263 sexually active adolescents at a juvenile
detention centre in the Midwest USA between July 1998 and June 2000. From the
evidence of the study, they concluded that pubic lice infestation is predictive of
a concurrent Chlamydia trachomatis infection in this population and emphasized
that adolescents infested with pubic lice should be screened for other sexually
transmitted diseases, including Chlamydia and gonorrhea.
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As early as 1968, Ackerman observed that ‘the concept that the crab louse
is restricted to the poor is no longer applicable in the permissive America of
the 1960s’. The incidence of Pthirus pubis like other venereal diseases has risen.
Chapel et al. (1979) found that in a clinic for the treatment of sexually trans-
mitted diseases 31.4% of the patients infested with P. pubis had other sexually
transmitted diseases. As infestations with pubic lice do not have the requirement
of notification as with other STDs, it is difficult to determine their incidence.
However, The National Institute of Allergy and Infectious Diseases, in their Fact
Sheet on STDs, states that there are some 3 million cases annually in the USA.
Many infested persons hide their infestations and attempt to self-treat their crab
lice infestations; it is felt, therefore, that the actual number of infestations is
even greater than the 3 million cited.
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Triatomine-borne diseases

The hemipteran triatomine bugs are vectors of Trypanosoma cruzi, the
causative agent of Chagas disease in the western hemisphere in South and Cen-
tral America.

American trypanosomiasis or Chagas disease

American trypanosomiasis, or Chagas disease, is caused by the proto-
zoan parasite, Trypanosoma cruzi. The infection is usually transmitted via the fae-
ces of blood-sucking reduviid bugs which belong to the Triatominae subfamily
(kissing bugs). The infection is found in small mammals that serve as reservoir
hosts in a sylvatic cycle and human disease results from the colonization of the
human habitat by some vector species in a domestic cycle.

Vectorial transmission (via the faeces) is responsible for 80% of human infec-
tions. The entry of metacyclic trypomastigotes via the mucosal route (oral or
ocular) is easy. Direct skin penetration is more difficult, and generally, the para-
site enters through the site where the bug has taken a blood-meal through
the lesions which result from scratching a bite. In South and Central America
transmission by transfusion of infected blood (containing trypomastigotes) is
responsible for 5-20% of the human cases of Chagas disease, mainly in urban
centres.

The disease is found only in the American hemisphere. It is endemic in 21
countries; as a result of major control campaigns there is a decreasing trend
in its prevalence and eradication of the disease has been achieved in Chile and
Uruguay.

Nevertheless, 16-18 million people are currently infected in the hemisphere
and 45000 deaths are attributed to the disease each year by the WHO. Infection
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with T. cruzi is life-long, and 10-30% of persons who harbour the parasite chron-
ically develop cardiac and gastrointestinal problems associated with the para-
sitosis. Although major progress has been made in recent years in reducing
vector-borne and transfusion-associated transmission of T. cruzi, the burden of
disability and death in persons chronically infected with the organism continues
to be enormous.

Between 8 to 10 million persons born in countries in which Chagas disease is
endemic currently reside in the USA, and epidemiologic and census data suggest
that 50000-100 000 are chronically infected with T. cruzi (Kirchhoff, 1993). The
presence of these infected persons poses a risk of transmission of the parasite in
the USA through blood transfusion and organ transplantation and several such
cases have now been documented.

Trypanosoma cruzi is also endemic in parts of the USA; its distribution there
includes approximately the southern half of the country. However, only five
autochthonous insect-borne cases have been reported in humans in the USA
(Herwaldt et al., 2000).

The first naturally transmitted case in the USA was reported in Corpus Christi,
Texas, in 1955 in a 10-month-old child residing in a triatomine insect-infested
house (Woody & Woody, 1955). Further, serological evidence of T. cruzi infection
was found in 6 (2.5%) of 237 residents and in 6 (60%) of 10 dogs from the vicinity
of a patient with the disease in California (Navin et al., 1985). A locally transmit-
ted case in Tennessee was associated with serological evidence of T. cruzi infection
in a domestic canine owned by the patient’s family, as well as the finding of an
infected reduviid insect within the household (Herwaldt et al., 2000).

Chagas disease vectors

There are about 16 species and some 18 subspecies of Triatoma in the
USA, distributed in the southern two-thirds of the country (Ryckman, 1984). Epi-
demiologically, the most important species are Triatoma sanguisuga in the eastern
USA, Triatoma gerstaeckeri in the region of Texas and New Mexico, and Triatoma
rubida and Triatoma protracta in Arizona and California. A factor limiting trans-
mission is that North American Triatoma delay defecation until 20-30 minutes
post-feeding. By this time, they are usually no longer in contact with the sleeping
human (Kirchhoff, 1993).

Chagas disease reservoir hosts

Only mammals are susceptible to infection with Trypanosoma cruzi. Birds,
amphibians and reptiles are naturally resistant to infection. In the domestic
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cycle, frequently infected mammals, besides humans, are dogs, cats, raccoons,
(Procyon lotor), armadillos (Dasypus species), opossums (Didelphis species), mice,
rats, guinea pigs (Cavia porcellus) and rabbits. Pigs, goats, cattle and horses only
manifest transitory parasitaemia and do not play an important role in the trans-
mission of infection.

Canines may be sentinels and/or reservoir hosts for human T. cruzi exposures.
Seropositive dogs have been detected in both domestic and stray canine popu-
lations in Texas, Oklahoma, Louisiana, Virginia and other southern states. Esti-
mates of seroprevalence in stray-canine populations in the lower Rio Grande
Valley of Texas range up to 8.8%. Between 1994 and 1998, samples from 351
domestic dogs from Texas suspected of having Chagas disease were tested for
antibodies to T. cruzi; 67 (19.1%) were seropositive (Shadomy et al., 2004).

The public health importance of Chagas disease in the USA

Autochthonous cases of vector-borne Chagas disease in the USA are very
rare. The infective agent is widespread in animal reservoir hosts in the southern
part of the country and California but the competence of the vectors is limited.
The presence of the infection among immigrants to the USA from Chagas disease-
endemic countries represents a far greater medical and public health problem
than local transmission.
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Tick-borne diseases of the
USA and Canada

Tick-borne viruses

Colorado tick fever

The causative agent of Colorado tick fever (CTF) is an orbivirus of the
genus Coltivirus which is related to Eyach virus in Europe. It is the only member
of this group found in the USA or Canada apart from Sunday Canyon virus which
has been isolated from the tick Argas cooleyi in Texas.

The distribution of CTF is the same as that of its principal tick vector, Der-
macentor andersoni. In the USA, the disease is found in California, Colorado,
Idaho, Montana, Nevada, Oregon, Utah, Washington, Wyoming, and in Canada
in British Columbia and Alberta. Many of the endemic areas are vacation desti-
nations, frequented during the tick season (spring and early summer) by large
numbers of tourists. Colorado tick fever virus has been isolated from humans
vacationing or travelling through these states and physicians should be aware of
the possibility of CTF in febrile patients returning from these regions (Calisher
and Craven, 1998). Some 200-400 cases are reported each year. The disease is
limited to elevations above 4000 feet. The number of reported cases is probably
a small fraction of actual cases because many cases are either not diagnosed
or are unreported. Campers, hikers and foresters are commonly infected. Infec-
tions occur mainly in April to June, when adult ticks are abundant. In 3-15% of
infected children under 10 years of age, CTF virus invades the central nervous
system (CNS) and causes encephalitis. Virus has been isolated from the cere-
brospinal fluid of some of these patients. The disease is usually self-limiting and
the prognosis is excellent, even in cases complicated by neurological symptoms.
Only rare fatalities have been reported.
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The virus overwinters in nymphal ticks, which feed on and infect small
rodents in the spring. The rodents become viraemic and in turn infect larval
ticks. The larvae metamorphose during the summer; they overwinter as infected
nymphs and do not transmit virus to humans until reaching the adult stage,
which may be 1 or 2 years after infection. Foci of infected ticks occur primar-
ily in ecological zones favourable to large populations of ground squirrels and
other small rodents.

Colorado tick fever replicates in Dermacentor andersoni ticks that are infected
in the larval stage when they feed on blood of the golden-mantled ground squir-
rel (Spermophilus lateralis), or other rodents but with chipmunks (Eutamias min-
imus) and S. lateralis as the main hosts (Bowen et al., 1981); it has been isolated
from several other mammals including foxes, the western grey squirrel (Sciurus
griseus) and porcupines (Erethizon dorsatum), among others. After a period of days
or weeks, the virus appears in the tick’s saliva. The tick, which remains infec-
tious for life, feeds on humans during its adult stage. The virus does not pass
transovarially in the tick.

The infection is certainly of public health importance within its extensive
area of distribution in the USA and Canada; while mortality from CTF is rare,
the illness produced by an infection can be serious among children. Physicians
should be aware of the possibility of CTF infection in patients who have returned
from the western USA and Canada with symptoms including abrupt onset and
initial features of high fever, chills, joint and muscle pains, severe headache,
ocular pain, conjunctival infection, nausea and occasional vomiting (Calisher &
Craven, 1998). Treatment is primarily supportive.

Powassan virus

Powassan virus (POW) is a tick-borne and transmitted flavivirus which
occurs in the USA and Canada as well as in Russia. Powassan virus was first
isolated in 1958 from the brain of a 5-year-old child who died with encephalitis
after having contracted the virus in a wilderness park near the town of Powassan,
Ontario, Canada (McLean & Donohue, 1959); this was the first recognized case of
disease caused by this virus though it is now known that a virus isolated from
Dermacentor andersoni ticks collected in Colorado in 1952 was this same virus.
The first recognized case of POW encephalitis in the USA occurred in New Jersey
in 1970. Four cases of encephalitis attributed to POW were reported in Maine
and Vermont between September 1999 and July 2001. These were the first cases
in the USA since earlier reports in 1994 (CDC, 2001)

Powassan virus may be the cause of acute viral encephalitis but, generally,
human disease from POW is not common. Probably many cases without severe
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symptoms are not recognized. Some patients who recover may have residual neu-
rological problems. Powassan infection appears to be one of the least common
causes of arbovirus encephalitis reported from the USA and Canada, ranking
behind LaCrosse, St. Louis and eastern and western equine encephalitis. How-
ever, POW and eastern equine encephalitis have the dubious distinction of hav-
ing the highest case-fatality rates and are associated with a very high incidence
of neurologic sequelae (Ralph, 1999). Disease, when it does occur, takes the form
of infection and inflammation of the brain (encephalitis and meningitis) but,
as stated above, most infections do not result in disease. For example, among
residents of northern Ontario from 1959-1961, studies of the pattern of occur-
rence of antibodies indicated that 3.3%, 0.5% and 1.9% of the population was
infected by the virus in each of those 3 years. Tick bite is considered the major
and possibly the only significant route of exposure for people, and risk of tick
bite is the major risk factor for people within the geographic range of the virus.

In Canada, POW has caused clinical disease in people in Ontario, Quebec
and New Brunswick, and has been isolated from wild mammals and ticks in
Ontario. Antibodies against POW have been reported in wild animals from British
Columbia, Alberta, Ontario and Nova Scotia. Powassan virus has been recognized
at several different locations in the USA from coast to coast, and may occur in
Mexico. It also has been recognized at multiple locations in southeastern Siberia,
northeast of Vladivostok.

Powassan virus is maintained in cycles of transmission among several species
of small wild mammals and several species of tick. The species of mammal
and tick most important to the virus appears to vary from region to region.
In eastern and central Canada, the woodchuck (Marmota monax) and the tick
Ixodes cookei seem to be particularly important, but infection rates can be
high in red squirrels (Tamiasciurus hudsonicus), grey squirrels (Sciurus carolinensis),
eastern chipmunks (Tamias striatus), porcupines (Erethizon dorsatum), deer mice
(Peromyscus maniculatus), voles (Microtus species), snowshoe hares (Lepus americanus),
striped skunks (Mephitis mephitis) and raccoons (Procyon lotor). Powassan virus has
been isolated from four species of tick in North America - Ixodes cookei, I. marxi,
I. spinipalpus and Dermacentor andersoni. The virus can pass from larva to nymph
to adult as the tick develops (that is transstadial transmission). It is not known
whether or not it can be passed from an infected adult female to its eggs (that
is, transovarial transmission). Clearly, however, the virus can pass through win-
ter in dormant ticks at various stages in their life cycle, and be transmitted to
mammalian hosts in the spring when the tick becomes active again. Thus, the
virus appears to persist in a variety of ecological associations among a range of
ticks and a range of mammalian hosts that include rodents, rabbits and hares
and carnivores (Leighton, 2000).
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Recently a POW-like virus was isolated from the deer tick (Ixodes scapularis). Its
relationship to POW and its ability to cause human disease has not been fully
elucidated but it appears to be a genotype of POW. It has been given the name
deer-tick virus (Telford et al., 1997).

Although the number of clinically recognized cases of POW in the USA and
Canada is small, there is a grave risk associated with an infection both in terms
of serious disease and a 10-15% case fatality rate. Persons who are likely to be
exposed to tick-bites in endemic areas should take protective measures including
the use of repellents and/or the use of insecticide-impregnated clothing.

As in Europe, a number of other viruses have been isolated from ticks in the
USA and Canada whose role as pathogens to man is unknown and these will
not be discussed.

Tick-borne bacterial infections

Tick-borne relapsing fever

Tick-borne relapsing fever (TBRF) was first recognized in North Amer-
ica in 1915 (Meador, 1915). The disease is caused by infection with Borrelia
hermsii as well as Borrelia turicatae and, possibly, B. parkeri; these spirochaetes are
maintained in zoonotic cycles involving rodents and soft ticks. The infection is
acquired only within the geographic range of its specific tick vector, Ornithodoros
hermsi. This tick has been found in southern British Columbia in Canada and
in Washington, Idaho, Oregon, California, Nevada, Colorado and the northern
regions of Arizona and New Mexico in the USA. Tick-borne relapsing fever occurs
in scattered foci throughout much of the western USA and British Colombia in
Canada. A single case of TBRF due to B. turicatae was diagnosed in Cincinnati in
a child who had not travelled outside of Ohio, indicating the presence of Borrelia
in this area (Linnemann et al., 1978). Another case of TBRF, this time due to B.
hermsii was reported in a man who had returned from the US Virgin Islands
where the disease had not been previously reported (Flanigan et al., 1991).

The true incidence of TBRF is unknown because it frequently goes undiag-
nosed and reporting is incomplete. The disease is currently reportable only in
the states of California, Colorado, Idaho, Texas and Washington. Two hundred
and eighty-five cases were reported in these states and in Arizona, New Mexico,
Nevada, Oregon, Utah and Wyoming during the period 1985-1996 (CDC, unpub-
lished data). Dworkin et al. (1998) found evidence that many cases of TBRF are not
properly diagnosed nor reported to the public health authorities and concluded
that TBRF is under-recognized and under-reported and may be falsely identified
as Lyme disease.
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The Ornithodoros vector ticks are nocturnal, transient feeders, and most
patients are unaware of being bitten. Following an incubation period of about
seven days (range 5-18 days), infected persons experience an abrupt onset of fever,
shaking chills, headache, myalgias and arthralgias. The duration of the primary
febrile attack averages 3 days followed by defervescence, usually accompanied
by shaking chills. The afebrile interval averages 7 days and without appropriate
antibiotic therapy, is followed by an average of three relapses.

Tick-borne relapsing fever is not an important public health problem in the
USA or Canada. The number of cases is small and unlike TBRF in Africa, there
is virtually no mortality and antibiotic treatment is efficacious. By taking pre-
ventive measures against tick bites such as the use of protective clothing when
entering tick-infested areas or of repellents, the incidence could be reduced even
further.

Lyme disease

Lyme disease (LD) is the most common vector-borne infection in the
USA and Canada and is a major public health problem in both countries; its
incidence is steadily increa