
Chapter 16

What Else Besides TBE and Borreliosis?

Tick-Transmitted Pathogens in Germany

and Beyond

Silvia Pluta, Kathrin Hartelt, Rainer Oehme, Peter Kimmig,

and Ute Mackenstedt

Abstract Tick-borne diseases are an important problem in European countries. In

this chapter, we review the biology and distribution of five tick-transmitted

pathogens in Germany and neighbouring countries Austria and Switzerland. We

focus on the bacterial pathogens Rickettsia spp., Anaplasma phagocytophilum and

Francisella tularensis, the protozoan parasite Babesia spp. as well as on Eyach

virus. The diagnosis of these pathogens is difficult, because the majority of the

infections result in mild or self-limited diseases. However, all these pathogens may

induce severe clinical symptoms; therefore, their importance is not to be

underestimated in the diagnosis of tick-borne diseases.

16.1 Introduction

Tick-borne encephalitis (TBE) and Lyme Borreliosis are probably the most com-

mon and best-known tick-borne diseases in Germany, Austria and Switzerland.

Other pathogens have however gained more and more attention in recent years,

because their potential to cause diseases in humans or their endemic occurrence in

natural foci has been clearly demonstrated. Many tick species may act as vectors of

bacterial, viral and protozoan pathogens. However, four species are of particular
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medical importance in central Europe: Ixodes ricinus, Dermacentor marginatus,
Dermacentor reticulatus and Rhipicephalus sanguineus (Figs. 16.1–16.3).

The most prevalent tick-species in Germany, Austria and Switzerland is I. ricinus.
Typically, it inhabits mixed forests with herbaceous vegetation (Kimmig et al. 2000).

Because of the wide distribution and the broad host range as well as its high affinity

for humans, I. ricinus is the main vector of tick-transmitted pathogens in Europe.

Ticks of the genusDermacentor (i.e.D. marginatus andD. reticulatus) are not as
abundant as I. ricinus and prefer different habitats. D. marginatus needs warm

and dry conditions; it mainly occurs on pastures and grasslands in river valleys.

In Germany, its distribution is currently limited to the Rhine valley and parts of the

Fig. 16.1 Unfed female of

Ixodes ricinus (From
Mehlhorn and Mehlhorn

2009)

Fig. 16.2 Unfed female of

Dermacentor reticulatus
(From Mehlhorn and

Mehlhorn 2009)
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Main valley (Liebisch and Rahmann 1976). D. reticulatus is adapted to colder and

more humid areas and, therefore, shows a wider distribution. Both species are also

distributed in Austria and Switzerland, but data about their precise distribution in

these countries are not available.

Rhipicephalus sanguineus is a thermophilic tick, which is widely distributed in

the Mediterranean area, but it has also spread to many other parts of the world. The

occurrence of R. sanguineus in Austria is uncertain, but natural foci were detected

in the canton Ticino in Switzerland (Bernasconi et al. 2002). The colder climate in

central and northern Europe prevents this tick from breeding in the environment,

but it can survive and breed inside houses and may become a pest problem. Up to

now, the occurrence of R. sanguineus in Germany is mainly related to animal

transports from Mediterranean countries. However, R. sanguineus reveals a differ-
ent vector competence compared to I. ricinus and Dermacentor spp., and this has to
be taken into account in the diagnosis of tick-borne diseases.

In order to study the distribution of tick-borne pathogens, ticks and potential

mammalian hosts are examined. The results of such studies indicate (a) if the

pathogen is established in natural foci and (b) if these pathogens may pose a risk

for humans if these natural foci exist. To estimate if humans are actually exposed to

these pathogens, seroepidemiological studies are conducted. These studies can be

carried out with members of the general population or can be focussed on “high risk

groups”. The latter includes people that are constantly exposed to ticks and, there-

fore, have an increased risk to acquire tick-borne diseases. Hunters and forestry

workers are members of these high risk groups and participate in such studies.

In this chapter, we review some tick-transmitted pathogens that are (or might be

in the near future) of medical importance in Germany as well as in Austria and

Switzerland. We focus on the biology and distribution of the bacterial pathogens

Rickettsia spp., Anaplasma phagocytophilum and Francisella tularensis, the proto-
zoan parasite Babesia spp. and the Eyach virus. To our knowledge, these data

summarize the current status of distribution of these pathogens. The “status quo” is

important because it provides the basis for further studies in order to elucidate and

Fig. 16.3 Brown dog tick

Rhipicephalus sanguineus
(From Mehlhorn and

Mehlhorn 2009)
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to evaluate any changes in the distribution of these pathogens, which may occur in

the future.

16.2 Rickettsia spp.

Rickettsia spp. are bacteria with worldwide distribution that are transmitted by

various arthropod species. These pathogens have been known as causative agents

of human diseases for several hundred years (Raoult and Roux 1997).

16.2.1 Taxonomy

Bacteria of the genus Rickettsia belong to the a-Proteobacteria, order

Rickettsiales. Traditionally, the genus Rickettsia was divided into two subgroups

(Raoult and Roux 1997). The typhus group includes only two species: Rickettsia
prowazekii, the causative agent of epidemic typhus, and R. typhi, the causative

agent of murine typhus. These species are transmitted by lice and fleas, respec-

tively. The spotted fever group comprises more than 20 species that are transmit-

ted by hard ticks (Ixodidae). For a long time, R. akari and R. feliswere also included
in the spotted fever group, although they are transmitted by mites and fleas,

respectively. Recently, phylogenetic analyses revealed new insights into the taxo-

nomic relationships in the genus Rickettsia and resulted in the reorganisation of

subgroups. Gillespie et al. (2007) showed that R. akari and R. felis represent a

cluster of its own called the transitional group. Additionally, non-virulent species

such as R. bellii and R. canadensis are grouped in the ancestral group (Gillespie

et al. 2007; Dobler and W€olfel 2009). Other studies propose even more subgroups,

as they include also Rickettsia species that are symbionts of non-bloodfeeding

arthropods (mainly beetles) and other animals such as amoeba and leeches (Weinert

et al. 2009; Perlman et al. 2006). In summary, the classification of the numerous

Rickettsia species is still a matter of controversy.

16.2.2 Biology

Rickettsiae are gram-negative, short rod-shaped or coccoid bacteria that are about

0.8–2 mm in length and about 0.3–0.5 mm in diameter (La Scola and Raoult 1997).

The bacteria are obligate intracellular organisms and infect endothelial cells of

small blood vessels as their main host cells (Parola et al. 2005).

Rickettsial species can be pathogenic or non-pathogenic for humans, and many

species of (yet) unknown pathogenicity have been described (Raoult and Roux

1997). In recent years, several species that were thought to be non-pathogenic were
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demonstrated to be associated with human diseases, for example R. raoultii (Parola
et al. 2009) and R. helvetica (Nilsson et al. 1999). It is assumed that all rickettsiae

may be pathogenic to humans, as long as their arthropod hosts are capable of

feeding on humans (La Scola and Raoult 1997).

Spotted fever group rickettsiae can be transmitted both transovarially and

transstadially in their arthropod hosts (Azad and Beard 1998); therefore, all devel-

opmental stages of ticks can serve as vectors.

16.2.3 Disease

After inoculation of the rickettsiae into the host, the bacteria proliferate in endothe-

lial cells close to the inoculation site. This leads to dermal and epidermal necrosis,

resulting in skin reactions that are called eschar or “tache noire”. Further

proliferations cause vasculitis and a typical rash that is characteristic for most

rickettsioses (Martinez and Cossart 2004). Other common symptoms include

fever, headache, muscle pain and local lymphadenopathy. The bacteria may be

disseminated via lymph and blood to various organs including lungs, liver, spleen,

kidney and heart (Martinez and Cossart 2004). The clinical symptoms and the

severity of human diseases are different for the various rickettsial species.

Rickettsioses may induce only mild symptoms if the infection remains localised,

but they can also become life threatening or even lethal if infestations of inner

organs result in internal bleeding (Parola et al. 2005). Antibiotic therapy is used to

treat rickettsial infections, and doxycycline is the treatment of choice for all tick-

transmitted rickettsioses (Parola et al. 2005).

16.2.4 Vertebrate Hosts

It is assumed that a broad range of mammals, including rodents, dogs, rabbits and

deer, are susceptible hosts for rickettsiae (Azad and Beard 1998; Raoult and Roux

1997). But studies about the actual prevalence of Rickettsia spp. in wild animals are

scarce and exist only for few species.

Dogs are known to be important hosts for R. conorii, the causative agent of

Mediterranean spotted fever (Rovery et al. 2008). Recently, Menn et al. (2010)

detected antibodies against R. conorii in 68.2% of dogs in an endemic area in

Portugal. Wild boars seem to be important hosts for R. slovaca. Ortuno et al. (2007)
showed that 52.2% of wild boars in northeastern Spain developed antibodies

against R. slovaca. In 1992, Rehacek et al. identified different rodent species

(including Microtus arvalis and Apodemus flavicollis), which are susceptible to

infections with rickettsiae. Recently, spotted fever group rickettsiae were identified

in 9.1% of rodents in China. Zhan et al. (2009) demonstrated by means of PCR of

spleen samples that both Arvicolidae and Muridae were infected with rickettsiae.
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Rodents from Bavaria and Baden-Wuerttemberg were studied for antibodies

against Rickettsia spp. by serological methods (Schex and Essbauer, personal

communication; Pluta, unpublished data). The preliminary results of these still

ongoing projects indicate that rodents serve as hosts for Rickettsia spp. in Germany.

Comparable data about the importance of certain vertebrates as hosts for rickettsiae

in Austria or Switzerland are not available.

16.2.5 Distribution in Germany

16.2.5.1 Rickettsiae in Ticks

The first isolation of R. slovaca was published in Slovakia in 1969 and it was

characterised as a new species in 1978 (Sekeyova et al. 1998). Since then, it has

been found in ticks in several European countries (Parola et al. 2005). Rehacek et al.

(1977) identified R. slovaca in 8 out of 51 D. marginatus ticks from southern

Baden-Wuerttemberg in 1977.

From 2006 to 2009, we collected about 1,100 questing D. reticulatus and

D. marginatus ticks in southern Germany. By PCR methods and DNA sequencing,

we were able to identify R. slovaca in 16% of D. marginatus ticks from

Aschaffenburg (Bavaria) and in 0.9% of D. marginatus ticks from Karlsruhe

(Baden-Wuerttemberg), respectively (Pluta et al. 2009; Pluta, unpublished data).

For a long time, R. slovaca was considered to be non-pathogenic for humans.

However, Raoult et al. (1997) identified R. slovaca in a patient with febrile illness

in France by PCR and serological methods. Because of the main symptom, enlarged

and painful lymph nodes close to the tick bite, this rickettsiosis was subsequently

named tick-borne lymphadenopathy (TIBOLA) (Lakos 1997). Other common

symptoms include an eschar and/or erythema at the site of the tick bite, fever and

local alopecia, whereas a rash is present only in few cases. Besides our detection of

R. slovaca in D. marginatus ticks, we could recently identify this pathogen in a tick

removed from a patient in Rhineland-Palatinate (Pluta et al. 2009). The patient was

bitten by a D. marginatus tick and subsequently fell ill with fever, lymphadenopathy

of submandibular lymph nodes and an exanthema at the site of the tick bite. IgG and

IgM antibodies against rickettsiae of the spotted fever group were detected by an

immunofluorescence assay (IFA), whereas an IFA detecting antibodies against

typhus group rickettsiae remained negative. R. slovaca was identified in the tick

removed from the patient by means of PCR and DNA sequencing. Therefore, we

were able to confirm the first autochthonous case of tick-borne lymphadenopathy in

Germany.

In 2008, R. raoultii was characterised as a new species (Mediannikov et al.

2008).

31.6% of Dermacentor ticks collected in the Rhine valley near L€orrach
harboured R. raoulti (Pluta et al. 2010). This was confirmed by PCR methods

followed by DNA sequencing. Additionally, 38.5, 39 and 3.2% of Dermacentor
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ticks collected in the districts Karlsruhe (Baden-Wuerttemberg), Freiburg (Baden-

Wuerttemberg) and Aschaffenburg (Bavaria), respectively, and five out of six ticks

in the district Esslingen (Baden-Wuerttemberg) were infected with this pathogen

(Pluta, unpublished data). In 2006, Dautel et al. studied D. reticulatus ticks that

were removed from deer in southern and eastern Germany. They detected

R. raoultii in 23% of ticks collected in the federal states of Bavaria, Brandenburg,

Saxony and Saxony-Anhalt.

On the basis of these data, it can be assumed that R. raoultii is widely distributed
in Dermacentor tick populations in Germany. Rickettsia raoultii has been regarded

as non-pathogenic. However, Parola et al. (2009) studied samples of 86 patients

with tick-borne lymphadenopathy in France. Rickettsia raoultii was the causative

agent of the disease in 8% of the cases, whereas the other infections were due to

R. slovaca infections. On the basis of these results, Parola et al. (2009) believe that

R. raoultii can cause tick-borne lymphadenopathy but seems to be less pathogenic

than R. slovaca, as it was shown to be prevalent in fewer patients. Although the

prevalence of R. raoultii in Dermacentor ticks in Germany is very high, no cases of

R. raoultii infection in humans have been reported until now.

Rickettsia helvetica was isolated for the first time from I. ricinus ticks in

Switzerland (Burgdorfer et al. 1979). These bacteria have been frequently found

in I. ricinus ticks in many areas of Germany with infection rates up to 13%. Hartelt

et al. (2004) studied about 1,100 I. ricinus from various districts in southern Baden-

Wuerttemberg. In these areas, the R. helvetica infection rate was 8.9% on average,

ranging from 5.6 to 13.3%. In Bavaria, a prevalence of 12% was detected in 2006

(W€olfel et al. 2006), whereas Silaghi et al. (2008b) revealed a lower prevalence of

4.8%. In a forest near Berlin, 14.2% of I. ricinus nymphs were infected with

R. helvetica (Pichon et al. 2006).

Hildebrandt et al. (2010) detected Rickettsia spp. in 14.7% of I. ricinus ticks in
Thuringia and identified R. helvetica by DNA sequencing in some of the samples.

In Germany, R. helvetica has been detected in I. ricinus ticks only, butDermacentor
ticks are also possible vectors of this pathogen. Dobec et al. (2009) detected

R. helvetica in 10% of D. reticulatus ticks in Croatia. Rickettsia helvetica was

considered a non-pathogenic species for a long time (Raoult and Roux 1997).

However, it was associated with two cases of perimyocarditis and sudden cardiac

death in Sweden in 1999 (Nilsson et al. 1999). It has also been detected in a patient

with meningitis in Sweden (Nilsson et al. 2010) and in patients with febrile illnesses

in France and Italy (Fournier et al. 2000, 2004). Up to now, no cases of R. helvetica
infection have been reported in Germany.

Rickettsia monacensis was isolated for the first time in 2002 from an I. ricinus
tick collected in the English Garden in Munich, and was subsequently characterised

as a new species (Simser et al. 2002). Since then, this pathogen has been found now

and then in I. ricinus ticks in different parts of Germany. Silaghi et al. (2008b)

detected R. monacensis in 0.5% of ticks from southern Bavaria, and Hildebrandt

et al. (2010) demonstrated this pathogen in ticks in Thuringia. This indicates that

R. monacensis is distributed in ticks throughout Germany, but apparently with a low

prevalence. In Spain, Jado et al. (2007) reported infections of two patients with
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R. monacensis. Both patients had a rash and unspecific flu-like symptoms after tick

bites. The authors isolated the pathogen and characterised it by DNA sequencing as

R. monacensis, showing that it is able to cause disease in humans. Up to now, there

are no reports about R. monacensis infections in humans in Germany.

Antibody Prevalences in Humans

Until now, there is only one report of an autochthonous rickettsiosis caused by

R. slovaca in Germany (Pluta et al. 2009). In contrast, no cases of infection with

R. raoultii, R. helvetica or R. monacensis have been found, although they were

frequently detected in ticks in Germany. However, in 2008, Jansen et al. conducted

a seroepidemiological study with 286 hunters from all over Germany. They

detected antibodies against Rickettsia spp. in 9.1% and antibodies specific for

R. helvetica in two of the participating hunters. Nearly all participants noted at

least one tick bite within the year before the study, and some of them remembered

having symptoms that are compatible with rickettsiosis, but none of them was

diagnosed with an acute rickettsial infection.

16.2.5.2 Distribution in Austria

In Austria, only very few data about the occurrence of Rickettsia spp. in ticks are

available.

Until now, only R. helvetica was detected in I. ricinus ticks. Dobler et al. (2008)
identified R. helvetica in 5.6% of I. ricinus ticks from the federal state of

Burgenland in the eastern part of Austria. Blaschitz et al. (2008b) collected ticks

in different areas of Austria and showed that 35.6% of the ticks harboured Rickett-
sia spp. Further studies revealed that the ticks were infected with R. helvetica only,
although not all of the samples were sequenced. To our knowledge, the antibody

prevalence in humans is not known and there are no reports about rickettsial

infections.

16.2.5.3 Distribution in Switzerland

Rickettsiae in Ticks

Three different rickettsial species have been identified in I. ricinus and

Rhipicephalus spp. ticks. In 1979, Burgdorfer et al. detected a new Rickettsia
species in 8.4% of I. ricinus ticks, which was subsequently characterised as

R. helvetica. Boretti et al. (2009) identified this species in 12% of unfed and 36%

of engorged I. ricinus from the canton of Zurich. Additionally, R. monacensis was
found, but only in one tick. Furthermore, Bernasconi et al. (2002) identified

R. massiliae in three R. sanguineus ticks from southern Switzerland (canton

Ticino). This species has recently been linked to human disease (Parola et al. 2005).
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Human Infections

In 2003, Baumann et al. examined patients with febrile illnesses following tick bites

for various tick-borne pathogens. In eight patients, they were able to show

antibodies against spotted fever group rickettsiae, and assumed that these

antibodies were directed against R. helvetica. This study indicates that infections

with tick-borne rickettsiae occur in Switzerland.

16.2.6 Conclusions

The numerous detections of various pathogenic species of rickettsiae in ticks in

Germany, Austria and Switzerland revealed that there are considerable risks for

humans to acquire rickettsioses. This is supported by the detection of autochtho-

nous cases of rickettsioses in Germany and Switzerland as well as by seroepide-

miological studies of hunters in Germany. The results of these studies emphasize

that tick-borne rickettsioses have to be included in the differential diagnosis of tick-

borne diseases in these countries.

16.3 Anaplasma phagocytophilum

The bacterial pathogen A. phagocytophilum is distributed in the northern hemi-

sphere, and ixodid ticks of the genera Ixodes and Dermacentor act as vectors. The
bacterium is well known as an agent of veterinary importance, but in the last years,

it has received more and more attention as a pathogen causing disease in humans.

16.3.1 Taxonomy

Anaplasma phagocytophilum is classified as a-Proteobacterium and belongs to

the order Rickettsiales, family Anaplasmatacae. Recent studies (Dumler et al. 2001;

Taillardat-Bisch et al. 2003) based on the analysis of the 16S rDNA gene, the heat

shock protein (GroEL) and the b-subunit of the RNA-polymerase, initiated a

reorganisation within the genera Ehrlichia, Anaplasma and Neorickettsia. The
former genus Ehrlichia was divided into three groups based on the nucleotide

sequence of the 16S rDNA gene: Ehrlichia canis genogroup, Ehrlichia
phagocytophila genogroup and Ehrlichia sennetsu genogroup. All members of

the E. phagocytophila genogroup, which included E. phagocytophila, Ehrlichia
equi and the agent of human granulocytic anaplasmosis (HGA) (formerly known as

human granulocytic ehrlichiosis), are now described as A. phagocytophilum.
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16.3.2 Biology

Anaplasma phagocytophilum is a small (0.4–1.9 mm), coccoid, gram-negative

bacterium. It infects granulocytes and multiplies in intracytoplasmatic vacuoles,

so-called morulae. According to its target cells, the disease is known as human

granulocytic anaplasmosis (Maurin et al. 2003).

16.3.3 Disease

Infections with A. phagocytophilum remain asymptomatic in 60% of cases. Symp-

tomatic infections are usually mild and self-limited with unspecific symptoms.

After an incubation period of 2–7 days, the infection is characterised by flu-like

symptoms with fever, arthralgia and malaise; thrombocytopenia and elevation of

liver enzymes are typically observed. An exanthema can be present in some cases,

and severe disease courses can lead to neurological disorders such as meningitis

or meningoencephalitis. Anaplasma phagocytophilum may suppress the immune

system; this is often followed by secondary infections such as candidiasis and

pneumonia. The severity of disease depends on the age of the patients, the capabil-

ity of their immune system and the timely administration of antimicrobial therapy

that consists of tetracyclines, fluoroquinolones or rifampicin (Maurin et al.

2003). Severe and fatal infections mainly occur in patients with a deficient immune

system. According to criteria of the WHO, human granulocytic anaplasmosis is

confirmed if (a) an at least fourfold increase of IgG antibodies is observed, (b)

A. phagocytophilum is detected by PCR, or (c) A. phagocytophilum can success-

fully be grown in cell culture (Bakken and Dumler 2000).

16.3.4 Vertebrate Hosts

It is supposed that A. phagocytophilum may infect a broad range of mammals,

including wild and domestic animals as well as several rodent species (Strle 2004).

Anaplasma phagocytophilum infections were detected by PCR in 5.3% of rodents

from southern Germany and in 7% of rodents fromwestern Switzerland (Hartelt et al.

2008; Liz et al. 2000). In both studies, infection rates of Myodes glareolus were

considerably higher than those of Apodemus spp. or Microtus spp. This indicates

that M. glareolus is a particularly suitable host for A. phagocytophilum. Recently,
Skuballa et al. (2010) studied different organs of 31 hedgehogs (Erinaceus
europaeus) from various regions in Germany by means of PCR and sequencing.

They detected A. phagocytophilum in eight of these hedgehogs (25.8%) and

discussed the importance of hedgehogs as hosts for this pathogen. Anaplasma
phagocytophilum was also detected in cervids in Switzerland and Austria with

prevalences ranging from 29 to 60% (Liz et al. 2002; Petrovec et al. 2003; Polin
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et al. 2004). However, sequencing revealed differences in the amplified genes of the

pathogens isolated from cervids and humans. Therefore, the question whether A.
phagocytophilum of cervids are responsible for human infections remains open.

16.3.5 Distribution in Germany

16.3.5.1 Ticks

In different studies carried out in Baden-Wuerttemberg, A. phagocytophilum was

detected in 1.2, 2.8 and 1% of I. ricinus, respectively (Baumgarten et al. 1999;

Oehme et al. 2002; Hartelt et al. 2004). The pathogen was also identified in

I. ricinus in different parts of Bavaria. Baumgarten et al. (1999) described an

infection rate of 2.6% in ticks from Frankonia in the northern part of Bavaria.

Silaghi et al. (2008a) collected about 3,000 ticks in different areas in the south of

Bavaria and observed a similar prevalence of 2.9%. Several reports confirmed that

A. phagocytophilum is also widespread in eastern parts of Germany (Hildebrandt

et al. 2002, 2010; Pichon et al. 2006). The infection rates vary between 2.3 and

5.4%. In 2003, von Loewenich et al. collected I. ricinus ticks in different parts

of Germany and described a prevalence of 4.1%.

16.3.5.2 Antibody Prevalences in Humans

Hunfeld and Brade (1999) studied serum samples of 270 patients from the Rhine-

Main area with history of a tick bite or confirmed Lyme Borreliosis and detected

antibodies against A. phagocytophilum in 5.5% of all samples. In 2002, Oehme

et al. screened sera from 4,368 forestry workers from Baden-Wuerttemberg for

antibodies against A. phagocytophilum. The prevalences ranged from 5 to 16% in

different areas with a mean prevalence of 10.7%. In a similar study, B€atzing-
Feigenbaum et al. (2002) detected antibodies against A. phagocytophilum in 3.1

and 3.9% of forestry workers from Hesse and Berlin, respectively. In Berlin and

Brandenburg, Kowalski et al. (2006) demonstrated A. phagocytophilum antibodies

in 4.5% of patients with confirmed Lyme Borreliosis.

16.3.6 Distribution in Austria

16.3.6.1 Ticks

Anaplasma phagocytophilum was detected in 5.1 and 8.7% of questing I. ricinus
ticks from various areas in Austria (Sixl et al. 2003; Polin et al. 2004). Additionally,

Sixl et al. (2003) collected 178 D. reticulatus ticks, but none of them revealed an
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infection with A. phagocytophilum, indicating that D. reticulatus is not a suitable

vector for this pathogen in Austria.

16.3.6.2 Antibody Prevalences in Humans

Walder et al. (2003b) detected antibodies against A. phagocytophilum in 9% of sera

from healthy blood donors from western Austria. Deutz et al. (2003) studied blood

samples of 149 hunters from southern Austria. Interestingly, the prevalence of IgG

antibodies against A. phagocytophilum was 15% and, therefore, remarkably higher

than in people less exposed to ticks.

Human infections: Several cases of HGA were reported in Austria. Walder et al.

(2003a) detected very high levels of both IgG and IgM antibodies in a patient with

fever, flu-like symptoms and thrombocytopenia after a tick bite in Tyrol (southern

Austria). The IgG antibody titre increased further in the following 6 weeks, whereas

the IgM titre decreased. Therefore, Walder et al. confirmed the first autochthonous

case of human granulocytic anaplasmosis in Austria. Further cases of HGA were

identified by Walder et al. (2006) in five patients with febrile illness after tick bites

and by Vogl et al. (2010) in a patient from eastern Austria.

16.3.7 Distribution in Switzerland

16.3.8 Ticks

In the cantons Z€urich and Schaffhausen, A. phagocytophilum was detected in 1.3

and 2% of questing I. ricinus ticks, respectively (Pusterla et al. 1999; Liz et al.

2000). Additionally, the pathogen was identified in 1.4% of ticks collected in

western Switzerland (cantons Bern and Neuchatel) (Liz et al. 2000). Wicki et al.

(2000) screened 6,071 I. ricinus from various regions of Switzerland. They

demonstrated A. phagocytophilum infections in 2.95% of adult ticks and in 0.94%

of nymphs, respectively.

16.3.8.1 Human Infections

In 2000, Weber et al. detected antibodies against A. phagocytophilum in 8 out of

80 patients with febrile illness following tick bites and in 12 out of 48 patients

who were seropositive for TBE or Lyme Borreliosis. Additionally, Baumann et al.

(2003) revealed antibodies in seven patients with fever after tick bites.

Neither Weber et al. (2000) nor Baumann et al. (2003) were able to detect the

pathogen by microscopic or molecular biological methods, and no fourfold increase

in IgG antibody titres was observed. All of the described cases were probably due to
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A. phagocytophilum infections, but it has to be pointed out that these infections did

not match the WHO case definitions completely.

16.3.9 Conclusions

Anaplasma phagocytophilum was frequently detected in ticks and mammals in

Germany, Austria and Switzerland. Moreover, high seroprevalences especially in

persons that are highly exposed to tick bites were reported. Surprisingly, only few

cases of HGA occurred in Austria and Switzerland, and no case has been reported

from Germany so far. Because of the often unspecific flu-like symptoms, it might

be possible that human infections are overlooked or misdiagnosed in some cases.

However, A. phagocytophilum infections should be considered in cases of febrile

illness after tick bites in these countries.

16.4 Babesia spp.

Babesiosis caused by the protozoan parasite Babesia spp. is a well-known disease

of veterinary importance that attracts increasing attention as an emerging tick-borne

disease in humans (Homer et al. 2000; Kjemtrup and Conrad 2000). More than 100

Babesia species are known, but only a few were identified as pathogens for humans.

16.4.1 Taxonomy

Parasites of the genus Babesia belong to the phylum Apicomplexa, order

Piroplasmida.
Traditionally, the genus Babesia is divided into two groups based on their

morphology and their size: the large Babesia species, including B. bigemina and

B. canis, and the small Babesia species, for example B. microti and B. gibsoni
(Homer et al. 2000). Phylogenetic analyses confirmed the separation of large

Babesia species (also referred to as Babesia sensu stricto) and small Babesia
species (or B. microti-like Babesia) (Gray et al. 2010).

16.4.2 Biology

Babesia spp. are obligate intracellular, pleomorph organisms that infest

erythrocytes. Large Babesia species are about 2.5–5.0 mm in diameter, whereas

small Babesia measure 1.0–2.5 mm in diameter (Hunfeld et al. 2008).
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The life cycle of Babesia spp. includes an obligate host switch with ticks as

definitive hosts and vertebrates as intermediate hosts. The asexual reproduction

(merogony) takes place in the erythrocytes of the vertebrate, whereas sexual

reproduction (gamogony) and further asexual proliferation (sporogony) occur in

the tick. In contrast to small Babesia species, large Babesia species are transmitted

transovarially in their tick vectors (Gray et al. 2010). All European Babesia species
use I. ricinus as definitive host, but their intermediate hosts differ. Babesia
divergens mainly infects cattle, whereas B. microti is found in rodents. The main

host for B. venatorum seems to be the deer (Gray et al. 2010).

16.4.3 Disease

Babesiosis in Europe is mainly caused by B. divergens. Most patients are

splenectomised, and severe, often lethal cases are observed frequently. Babesia
microti, which causes many infections in North America, is rarely diagnosed in

Europe. However, infections with this species also affect immunocompetent

persons, and the course of disease is usually mild (Granstr€om 1997; Kjemtrup and

Conrad 2000). Babesia venatorum (previously known as strain Babesia sp. EU1) is
also linked to human babesiosis in Europe. This species belongs to the large Babesia
species and is closely related to B. divergens (Hunfeld et al. 2008). Most infections

with Babesia spp. remain subclinical. Clinical manifestations have been observed

mainly in immunocompromised patients and are often found in splenectomised

patients. However, the number of infections in otherwise healthy persons has

increased in the last years (Granstr€om 1997; Kjemtrup and Conrad 2000).

After an incubation period of 1–3 weeks, a flu-like illness with fever, arthralgia

and weakness emerges. Haemolysis leads to the main symptoms of acute infection,

which are haemoglobinuria, haemolytic anaemia, hepatosplenomegaly and jaun-

dice. In mild cases, the disease is self-limited and patients recover without any

further problems. In immunocompromised or splenectomised and elderly patients,

complications including acute pulmonary failure, congestive heart failure and renal

failure may occur and may be lethal (Homer et al. 2000; Wang et al. 2000; Hunfeld

et al. 2002a). Patients with severe babesiosis need rapid treatment with a combi-

nation of either clindamycin and quinine or atovaquone and azithromycin

(Krause 2003). Additionally, a blood exchange transfusion may be necessary to

reduce the number of parasites in the blood and to prevent further haemolysis.

Babesia spp. infections are mainly due to tick bites, but transmission via blood

transfusion may also occur (Leiby 2006).

16.4.4 Distribution in Germany

The information about the distribution of Babesia species in ticks as well as

mammals is often restricted to certain areas in Germany. Hartelt et al. (2004)
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screened more than 3,000 I. ricinus ticks in Baden-Wuerttemberg and identified

B. divergens and B. microti in 0.9 and 0.1% of ticks, respectively. Additionally,

they trapped 508 rodents in the same areas (Hartelt et al. 2008). 1.6% of Arvicolidae
(M. glareolus and M. arvalis) were infected, but none of the Muridae. In 2002,

Hunfeld et al. showed that exposure to Babesia spp. must frequently occur in

Germany. They screened serum samples of 467 persons from the Rhine-Main

area for antibodies against Babesia spp. IgG antibodies against B. microti and
B. divergens were detected in 5.4 and 3.6% of participants, respectively. Addition-

ally, antibody prevalences were considerably higher in persons with previous tick

bites (11.5%) than in persons without tick exposure (1.7%) (Hunfeld et al. 2002b).

The first report about an autochthonous case of human babesiosis in Germany was

published in 2005 (H€aselbarth et al. 2007). The splenectomised patient living in the

south of Baden-Wuerttemberg showed typical signs of babesiosis, including

haemolytic anaemia and haemoglobinuria. Babesia venatorum was detected in

the peripheral blood by microscopy and PCR. Hildebrandt et al. (2007) confirmed

another case of human babesiosis due to B. microti in a patient with acute myeloid

leukaemia in Thuringia by PCR and microscopy of peripheral blood smears. They

assumed that the patient acquired the infection via blood transfusion. This was

confirmed by the detection of B. microti antibodies in serum samples of the blood

donor. Neither the patient nor the donor travelled recently to countries with high

risk of B. microti infections (especially North America). The authors assumed that

this is the first autochthonous case of a B. microti infection in Germany.

16.4.5 Distribution in Austria

Blaschitz et al. (2008a) studied 853 I. ricinus from different sampling sites in

Austria. The results of their study revealed a surprisingly high infection rate with

Babesia spp. of 51.7%. Infection rates ranged from 0 to 100% in the different

sampling areas. All positive samples were sequenced and identified as B. divergens
or B. divergens-like strains, respectively. Blaschitz et al. assumed that the striking

differences in prevalences might be due to a very focal distribution of the pathogen,

and that the high overall infection rate could be explained by high tick population

densities. In 2003, Herwaldt et al. reported the first autochthonous case of human

babesiosis in Austria. According to PCR and DNA sequencing, the disease of a

splenectomised patient was due to an infection with B. venatorum.

16.4.6 Distribution in Switzerland

Several studies concerning Babesia spp. infections in ticks are available. Foppa

et al. (2002) detected B. microti in 3.4% of I. ricinus nymphs from eastern

Switzerland. Casati et al. (2006) examined I. ricinus ticks from various regions in

Switzerland and identified B. microti, B. divergens and B. venatorum in 0.2, 0.2 and
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0.4% of ticks, respectively. Hilpertshauser et al. (2006) studied ticks that were

removed from wild and domestic ruminants (sheep, goat, cattle and deer) in

southern Switzerland. They identified B. divergens and B. venatorum in 0.9 and

2% of ticks, respectively. Additionally, they found strains of Babesia spp. of yet

unknown pathogenicity.

In 2002, Foppa et al. confirmed that the exposure of humans to Babesia spp.

occurs in Switzerland more frequently than expected, because they detected IgG

antibodies against B. microti in 1.5% of healthy blood donors from eastern

Switzerland.

The first autochthonous case of human babesiosis in Switzerland was published

in 2004 (Meer-Scherrer et al. 2004). Babesia microti was identified as the causative
agent by PCR. Additionally, the patient suffered from concurrent Borrelia
burgdorferi infection.

16.4.7 Conclusions

Pathogenic Babesia species are prevalent in ticks in all three countries and cases of
human babesiosis were reported from Germany, Austria and Switzerland. The

detection of antibodies against Babesia spp. indicates that people are frequently

exposed to this pathogen without developing symptomatic infections. Babesia
divergens, B. microti and B. venatorum were identified as causative agents not

only in immunocompromised or splenectomised patients but also in healthy people.

16.5 Francisella tularensis

16.5.1 Biology

Francisella tularensis belongs to the g-proteobacteria, family Francisellaceae. It
is a facultative intracellular, small gram-negative bacterium. Because of its high

infectivity and low infection dose, it was classified as a possible bioterrorist agent

and, therefore, has gained increasing attention in recent years. Two subspecies are

responsible for human infections. Francisella tularensis subspecies tularensis
occurs only in North America, whereas F. tularensis subsp. holarctica is distributed
in the northern hemisphere (Ellis et al. 2002).

16.5.2 Disease

Generally, F. tularensis subsp. holarctica induces mild infections, whereas severe

forms of tularaemia (typhoid and pneumonic forms) are almost exclusively related

to infections with F. tularensis subsp. tularensis.
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The symptoms of tularaemia differ depending on the route of infection.

Ulceroglandular tularaemia is the most common form and usually follows trans-

mission by arthropod bites or inoculation of the bacteria through skin lesions. It is

characterised by a sudden onset with flu-like symptoms such as fever, chills and

headache, followed by the development of an ulcer at the site of infection that can

persist for several months. Dissemination of the bacteria via lymph fluid leads to an

enlargement of regional lymph nodes and lymphadenopathy. This form is usually

mild and self-limited, but a spread of the pathogen to tissues of inner organs may

lead to complications such as pneumonia. Ingestion of contaminated food or water

leads to oropharyngeal tularaemia with a painful sore throat, enlargement of tonsils

and swollen cervical lymph nodes or to gastrointestinal infection. Depending on the

infection dose, a gastrointestinal infection can lead to mild and persistent diarrhoea

or to severe intestinal ulceration that can be lethal. The most severe forms of

tularaemia are the typhoid form without an identified route of infection,

characterised by septicaemia and a mortality rate of 30–60%, and the pneumonic

form that follows inhalation of F. tularensis and appears as pneumonia with very

variable clinical signs (Ellis et al. 2002).

Tularaemia is usually treated with streptomycin or gentamicin. Because of the

unspecific symptoms, the diagnosis of mild infections might often be missed.

16.5.3 Epidemiology

Francisella tularensis has been identified in a broad range of mammals, but only

some species seem to be able to maintain the pathogen in enzootic cycles.

Francisella tularensis subsp. tularensis mainly infects lagomorphs (rabbits and

hares), while F. tularensis subsp. holarctica is detectable in lagomorphs as well

as in rodent species. Various arthropods are able to transmit the pathogen to animals

and humans. Tabanids and mosquitoes (Aedes spp., Culex spp., Anopheles spp.) are
frequently involved in larger outbreaks of tularaemia. They often bite multiple

hosts in short time periods, and, therefore, contribute to a rapid spread of the

disease. It is assumed that both tabanids and mosquitoes are mechanical vectors

and that the bacteria cannot survive in these arthropods for more than a few days. In

hard ticks, however, the bacteria are present and multiply in the gut and in

haemolymph, and they are transmitted transstadially. Therefore, ticks are capable

of maintaining F. tularensis for a long time in nature. Transovarial transmission

may occur exceptionally (Petersen et al. 2009).

In North America and Scandinavia, arthropod bites are the most important

mode of transmission (Petersen et al. 2009). Only few studies were conducted

in central Europe. Hubalek et al. (1998) detected F. tularensis in 2.8% of

D. reticulatus in Austria, whereas Wicki et al. (2000) identified this pathogen

in 0.12% of I. ricinus nymphs in Switzerland. In 2009, F. tularensis was found in

0.9% of I. ricinus ticks from Baden-Wuerttemberg (Oehme et al. unpublished

data). Moreover, Hanke et al. (2009) reported a case of tularaemia in a 1-year-old
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child living in the Southwest of Germany. They assumed that the toddler acquired

the infection via a mosquito bite. These studies indicate that F. tularensis is

distributed in arthropods in Germany, and that transmission of this pathogen via

arthropod bites may occur.

However, in central Europe, hares and rodents seem to be the most important

sources of human infections (Ellis et al. 2002). In Germany, the pathogen has

been detected in 4.92% of rodents (M. glareolus, Arvicola terrestris, Microtus
spp., A. flavicollis) trapped in areas with previous tularaemia outbreaks (Kaysser

et al. 2008). Since 2005, the number of F. tularensis infections in hare increased

in Germany. In summary, 25 infected hare were found between 2005 and 2009 in

various federal states (P. Otto, personal communication). Additionally, specific

antibodies were detected in 3.1% of wild boar (Sus scrofa) from Mecklenburg-

Western Pomerania (Al Dahouk et al. 2005). It was also detected in 3 out of 167

hares in Switzerland (Friedl et al. 2005). Data about F. tularensis infections in

mammals are not available for Austria so far. Besides sporadic cases of

tularaemia, there are outbreaks with high numbers of patients from time to

time. Such outbreaks often occur concurrently in humans and wild animals

(Ellis et al. 2002). Infections are mainly acquired via skin lesions while handling

infected animals, or by inhalation of aerosolised bacteria. In 2005, there was an

outbreak of airborne tularaemia among participants of a hare hunt in Hesse (Hauri

et al. 2010). It was subsequently shown that nine hunters got infected by inhala-

tion of aerosols containing F. tularensis while they rinsed carcasses of infected

hare.

Hunters have an increased risk of acquiring F. tularensis infection via contact to
infected animals. Jenzora et al. (2008) detected antibody prevalence of 1.7% in

hunters from western Germany, and Winter et al. (2010, unpublished data) showed

a very high prevalence of 4.5% in hunters from Baden-Wuerttemberg. In Austria,

3.0% of hunters from the federal states of Styria and Burgenland revealed

antibodies against F. tularensis (Deutz et al. 2003).
Similar seroprevalence studies in the general population indicate that infections

with F. tularensis occur frequently, despite the low number of reported cases.

In Germany, seroprevalences of 0.23, 3.0 and 2.32% in the general population

were reported (Porsch-Özc€ur€umez et al. 2004; Schmitt et al. 2005; Splettstoesser

et al. 2008).

The seroprevalence data of both hunters and the general population contradict

the very low number of reported cases. In Germany, an average number of three

cases are reported per year, with most infections occurring in Baden-

Wuerttemberg, Hesse and North Rhine-Westphalia (Grunow and Priebe 2007).

However, the number of human cases in Germany has increased in the last years;

in 2007, 21 cases were reported, which is the highest case number since 1958

(Splettstoesser 2008). The average number of infections in Austria is stated as

10–15 cases (Deutz et al. 2003). In Switzerland, only sporadic cases occur (Friedl

et al. 2005).
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16.5.4 Conclusions

The distribution of F. tularensis in arthropods in central Europe is still not known.

Therefore, it is not certain if transmission by arthropod bites plays an important role

in transmitting F. tularensis in these countries. More studies are necessary to clarify

the epidemiology of this pathogen and its occurrence in natural foci.

16.6 Eyach Virus

In 1976, Rehse-K€upper et al. isolated a virus from I. ricinus in the Eyach valley in

Baden-Wuerttemberg, which was subsequently named the Eyach virus. Sequence

analyses revealed a close relationship with the Colorado tick bite fever virus (CTF

virus) that was isolated in Colorado in the 1940s and identified as a disease agent

causing a febrile illness after tick bites.

16.6.1 Biology and Disease

CTF and Eyach virus belong to the family Reoviridae, genus Coltivirus. They are

non-enveloped, spherical, often icosahedral particles that measure about 75–80 nm

in diameter. Target cells for the CTF virus are human haematopoietic precursor

cells. The virus can persist in the erythrocytes and can be transported in other

organs such as brain, spleen, bone marrow and myocardium. It is assumed that the

Eyach virus shows the same characteristics (Charrel et al. 2004). To date, nothing is

known about the disease course in human Eyach-virus infections, but it is supposed

that it resembles that of CTF-virus infections. Colorado tick bite fever is usually a

mild and self-limited disease with a characteristic biphasic fever that is present in

half of the patients (Bowen 1988). After an incubation period of 3–6 days, a febrile

illness with unspecific symptoms such as retroorbital headache, myalgia and

arthalgia, pharyngitis and anorexia develops. Typically, fever lasts for 2–5 days,

followed by an afebrile and asymptomatic interval of 2–7 days. Subsequently, a

second febrile period with higher temperatures and involvement of inner organs

may follow (Klasco 2002). Complications due to secondary infections, such as

meningitis, encephalitis or myocarditis, are relevant in about 5% of patients and are

mainly seen in children (Braun et al. 1999). No specific treatment against Colorado

tick bite fever exists at the moment.

It is suspected that the Eyach virus causes similar symptoms in humans. This was

supported by studies with experimentally infected new-borne mice that showed

neurological symptoms, and most of them died due to encephalitis (Rehse-K€upper
et al. 1976; Chastel et al. 1984).
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16.6.2 Epidemiology

The Eyach virus was first isolated in Germany in 1976 (Rehse-K€upper et al. 1976).
In 2004, Hartelt screened 3,260 ticks in Baden-Wuerttemberg and detected the

virus in three of them, i.e. 0.1%. The pathogen was also identified in I. ricinus and
Ixodes ventalloi from northwest France (Chastel et al. 1984). Up to now there have

been no reports about this pathogen in other European countries. At the moment,

nothing is known about mammalian hosts of the Eyach virus. Dobler et al. (2006)

studied 166 sera of brown hare from northern Germany, but did not find any

evidence for Eyach-infected animals. The pathogenicity of the Eyach virus for

humans is unknown, for no human infections have been reported so far. But

antibodies against this pathogen were detected in patients with meningoencephalitis

in the Czech Republic (Malkova et al. 1980). This indicates that the Eyach virus is

indeed pathogenic for humans. However, as no cases of Eyach-virus infection were

reported in Europe and the infection rate of ticks in Germany seems to be rather

low, it is very likely that an infection risk for humans does not exist at the moment.

But the virus should be kept in mind for future studies.

16.7 General Conclusions of the Chapter

The data reported in this review summarise the current status of the distribution of

some tick-transmitted pathogens in natural foci. However, these distribution

patterns may change in the future, for example due to climate change and increasing

average temperatures. It is generally assumed that changes in temperature have an

important influence on ticks (Gray et al. 2009). If temperatures rise due to climate

change, the distribution and abundance of some tick species (especially

Dermacentor spp. and R. sanguineus) may be extended, and tick-borne pathogens

might spread with them. Therefore, continuing studies are necessary to monitor any

changes in the distribution and abundance of tick-transmitted pathogens. Future

infection risks for humans can only be evaluated on the basis of these studies.

Ticks and pathogens that are not endemic in central Europe may establish in

natural foci if the climate conditions become more suitable for them. For example,

R. sanguineus could be imported and build up populations in Germany if the

average temperatures rise in the future, and Rickettsia conorii may be introduced

together with its main vector. Dogs are the main hosts for both R. sanguineus and
R. conorii; therefore, dogs from endemic areas in the Mediterranean region can act

as carriers for both the vector and the pathogen. Menn et al. (2010) detected

antibodies against R. conorii in 68.2% of dogs from an endemic area in Portugal.

This shows that the risk of introducing this specific pathogen with imported or

travelling dogs is quite high.

All tick-borne diseases mentioned in this review can manifest as mild, self-

limited illnesses with unspecific symptoms. Therefore, their diagnosis might often
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be missed, and the current infection risk for humans may be underestimated. But

infections with the above-mentioned pathogens can also lead to severe or even life-

threatening disease courses. Hence, their medical importance should not be treated

lightly, and they have to be kept in mind in the differential diagnosis of tick-borne

diseases.
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