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Abstract
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Rickettsiae are obligate intracellular gram-negative bacteria transmitted by arthropod vectors.
Rickettsiae sometimes cause disease in humans, typically with high fever, headache and
occasionally an eschar.

In Sweden, Rickettsia helvetica, belonging to the spotted fever group, is the only tick-
transmitted rickettsia found free in nature. The pathogenic roll of R. helvetica has not been fully
investigated, but it has been implicated in aneruptive fever and cardiac disease.

This thesis describes parts of the transmission pathways of rickettsiae in Sweden. Rickettsia
infection rates in ticks collected from birds were analysed, and the birds’ role as disseminators
and reservoirs was studied. We found that more than one in ten ticks was infected with rickettsia
bacteria, predominantly R. helvetica, and that migrating birds contribute not only to long-
distance dispersion of bacteria, but also to an inflow of novel and potentially pathogenic
rickettsia species, in this case R. monacensis and R. sp. strain Davousti-like species, into Sweden.

Further, wild and domestic animals were found to have seroreactivity against R. helvetica,
which shows that they are exposed and susceptible to rickettsia. Their role as reservoirs has not
been determined, yet they may indirectly be involved in transmission of rickettsia to humans
by infected ticks feeding on them.

The seroreactivity in humans was also studied. Patients investigated for suspected Borrelioses
and blood donors had detectable antibodies against Rickettsia spp., with the highest prevalence
detected in the suspected Borreliosis group. This shows that humans in Sweden are exposed to
and develop an immune response against rickettsia. The suspicion that R. helvetica may cause
severe symptoms was verified by a patient with subacute meningitis where the bacterium was
shown for the first time to cause an invasive infection with CNS involvement and where the
bacterium was isolated from the patient’s cerebrospinal fluid.

Growth characteristics and morphology of R. helvetica were studied to better understand
invasiveness and virulence. The findings indicate that the invasiveness is comparable with other
rickettsia, though R. helvetica seems to have a stable but slightly slower growth.

Rickettsia helvetica is endemic in Sweden and therefore needs to be considered when
investigating disease after a tick bite.
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Pictures on the cover  

Upper left: A Rickettsia helvetica bacterium. Picture taken with a scanning 
electron micorscopy (SEM JEOL JSM-5200) at magnification x 20,000. 

Upper right: Rickettsia helvetica bacteria grown in Vero cells, fixated on a 
slide and visualised with FITC using a fluorescence microscopy, x 400. 

Lower left: Amplification curves of a dilution series containing Rickettsia 
helvetica, detected by a rickettsia specific real-time PCR.  

Lower right: DNA fragments amplified in a rickettsia nested PCR and visu-
alised using gel-electrophoresis.  
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Abbreviations 

bp Base pair 
CNS Central nervous system  
CSF Cerebrospinal fluid 
DNA Deoxyribonucleic acid 
EM Erythema migrans  
FITC Fluorescein isothiocyanate 
IF/IFA Immunofluorescence assay 
IFN-γ Interferon gamma 
IgG Immunoglobulin G 
kDa Kilo Dalton 
LPS Lipopolysaccharide 
Mb Mega base pair 
Omp Outer membrane protein  
PBS Phosphate buffered saline 
PCR Polymerase chain reaction 
RFLP Restriction fragment length polymorphism 
RNA Ribonucleic acid 
rRNA Ribosomal ribonucleic acid 
rrs gene 16S rRNA gene 
SDS-PAGE Sodium dodecyl sulfate polyacrylamid gel electrophoresis 
SFG Spotted fever group 
SMI Swedish Institute for Infectious Disease Control 
SVA Swedish National Veterinary Institute 
sp. Species, singular 
spp. Species, plural 
TBE Tick-borne encephalitis 
TEM Transmission electron microscopy 
TG Typhus group 
TNF-α Tumour necrosis factor alpha  
WHO World Health Organization 
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Introduction 

Ticks are hematophagous acarines that parasitize every class of vertebrate 
(including man) and have a worldwide distribution. In Sweden and Europe, 
the most common hard tick Ixodes ricinus can transmit viral as well as bacte-
rial and protozoal infections. Ixodes play an important role as the vector of 
common infections such as Borreliosis, tick borne-encephalitis (TBE) and 
Tularemia [1]. Another example of a bacterial infection is the tick-borne 
rickettsioses caused by obligate intracellular bacteria belonging to the spot-
ted fever group (SFG) within the genus Rickettsia. The existence of a spotted 
fever rickettsia in Sweden, R. helvetica, has been known since 1997, and it is 
the only established tickborne rickettsia species in Sweden [2]. The patho-
genic role of R. helvetica is still unclear, but documented patients have pre-
sented with a mild, self-limited disease associated with fever, headaches and 
myalgias. R. helvetica has, however, previously been associated with acute 
perimyocarditis, sarcoidosis and unexplained febrile illness [3-5]. 

Rickettsia 

General characteristics 
The bacteria were described in 1906 by Howard Ricketts as a causative 
agent of Rocky Mountain spotted fever, and the genus Rickettsia was later 
named after him [6]. The bacteria belong to the genus Rickettsia within the 
Family Rickettsiaceae in the order Rickettsiales, a genetically diverse group 
of α-Proteobacteria. The order Rickettsiales is currently comprised of the 
genera Anaplasma, Ehrlichia, Neorickettsia, Orientia, Rickettsia and Wolba-
chia [7, 8] (Figure 1). 

Rickettsiae were originally characterized into two main groups, the spot-
ted fever group (SFG) and the typhus group (TG), although it has been sug-
gested that a few species should be classified into two additional groups: the 
ancestral and the transitional group [9-11]. Currently, the Rickettsia genus 
contains about 25 officially validated species and several dozen as yet un-
characterized strains [7]. The spotted fever group contains the largest num-
ber of species, and the typhus group is made up of three species (Figure 1).  
Around 16 species are established human pathogens and another two are 
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suspected to cause rickettsioses, but the number is increasing as the knowl-
edge grows [12]. Modern diagnostic tools including culture and molecular 
biology have contributed to the great expansion of newly identified rickettsia 
species, especially from human samples [12, 13].    

 
Figure 1. Rickettsia taxonomy. 

Rickettsiae are gram-negative bacteria with an exclusively intracellular rep-
lication cycle, requiring host cells in which to replicate [13]. In other words, 
in the laboratory, rickettsia can only be cultivated in viable eukaryotic host 
cells, e.g., in cell culture, embryonated eggs, or susceptible animals [14]. 
The bacteria replicate via binary fission where the single DNA molecule first 
replicates and when the cell begins to pull apart, the replicate and the origi-
nal chromosome are separated [15]. The reproductive doubling time of 
Rickettsia spp. (prowazekii and rickettsii) is 9-12 hours, which is slightly 
longer than for other bacteria [16, 17].  

The bacilli of rickettsiae are short rods that are poorly stained by gram but 
retain basic fuchsin when stained using the method of Giménez. They meas-
ure 0.8 – 2.0 µm in length and 0.3–0.5 µm in diameter [18]. Rickettsiae oc-
cur singly, in pairs, or in strands. SFG Rickettsiae differ from the bacteria in 
the typhus group in that they can be observed both in the cytoplasm and in 
the nuclei of the host cell [19].  

Anaplasmatacea Rickettsiaceae 

Rickettsiales 

Anaplasma Ehrlichia Wolbachia Orientia Rickettsia Neorickettsia 

Spotted fever group (SFG) Typhus group (TG) 

R. aeschlimanii 
R. africae 
R. akari 
R. asiatica 
R. amblyommii 
R. australis 
R. bellii 
R. conorii 
R. felis 
R. heilongjiangensis 
R. helvetica 
R. honei 
 

R. canadensis 
R. prowazekii 
R. typhi 

R. japonica 
R. massiliae 
R. monacensis 
R. montanensis 
R. parkeri 
R. peacockii 
R. raoultii 
R. rhipicephali 
R. rickettsii 
R. sibirica 
R. slovaca 
R. tamurae 
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The cell wall structure is typical of gram-negative bacteria with an inner 
and an outer membrane separated by a peptidoglycan layer. Rickettsia cells 
are surrounded by a crystalline proteic layer, S-layer, which represents 10-
15% of the total protein mass [20]. The outer membrane contains lipopoly-
saccharide (LPS), however this layer does not seem to exert endotoxic ef-
fects, a phenomenon seen in pathogens like Coxiella burnetti and Chlamydia 
trachomatis. The cell wall structure also contains a major 120-kDa rickettsial 
outer membrane protein (OmpB), thought to mediate entry into the host cell, 
a 17-kDa lipoprotein and a 190-kDa major immunodominant surface ex-
posed protein (OmpA), with a variable number of nearly identical tandem 
repeats. Genetic organization of these repeated regions has been compared 
between different spotted fever group rickettsiae, and their distinctive ar-
rangements are responsible for encoding species-specific conformational 
epitopes of the protein [12, 21]. 

The rickettsia genome consists of a single circular chromosome and the 
genome of SFG rickettsiae is highly conserved, with similar synteny and 
content [19]. Recent studies have reported that several rickettsia species also 
carry plasmids, but the plasmids role in virulence and host adaptation is un-
known [22]. Genome sequencing is now complete for several rickettsial 
species. The genome sizes of the species in the spotted fever group are small, 
usually between 1.2 and 1.3 Mb [18]. As for other host-associated organ-
isms, rickettsiae have undergone dramatic genome reduction. The close as-
sociation with the host has caused elimination of biosynthetic metabolic 
pathways, and several of the pathways have been replaced by transport sys-
tems [21]. The bacteria rely on the host for the synthesis of many amino 
acids and nucleotides [10]. 

Phylogeny and taxonomy 
Until the 1990s, the phylogenetic studies of rickettsiae were based on mor-
phological, antigenic and metabolic features that were unreliable. After the 
advent of molecular methods and the possibility of genome sequencing, the 
phylogenic relationships between species could be more reliably estimated. 
As a consequence, several bacteria initially classified in the genus Rickettsia 
were excluded and divided into other genera, e.g., Orientia tsutsugamushi 
[7].  

The guidelines established for extracellular bacteria do not accord well 
with the strict intracellular nature of rickettsiae. Application of the pheno-
typic characteristics, used for extracellular bacteria, to the order Rickettsiales 
is limited, as few are expressed by these bacteria [23]. Many novel rickettsia 
isolates have been characterized by genetic methods that have generated 
controversy regarding the appropriate taxonomy of rickettsia species [24]. 
For the taxonomic classification of rickettsial isolates at the genus, group 
and species level, gene sequence-based criteria, using five rickettsial genes, 
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including rrs, gltA, ompA, ompB and gene D, have been proposed [23]. An-
other proposed criterion for the establishment of a new species is a diver-
gence of the rrs gene (16S rRNA gene) by 0.2% [24]. 

Vectors and reservoirs 
Most rickettsial diseases are transmitted by arthropod vectors, including 
ticks, mites, fleas, and lice [25]. Spotted fever group rickettsiae are predomi-
nantly transmitted by ticks, while the agents of typhus group rickettsia are 
transmitted to humans through the faeces of lice and fleas [26, 27]. Two 
families of ticks are of medical importance regarding rickettsioses: Ixodidae 
(hard ticks) and Argasidae (soft ticks). Most ticks infected with SFG 
Rickettsiae belong to the Ixodidae family [26]. More than 95% of the ticks 
found on humans in Sweden belong to the I. ricinus species [28]. The Ixodes 
ricinus tick has a three-host life cycle, i.e., it ingests a blood meal in each life 
stage before it moults. 

Ticks acquire SFG rickettsial species through transovarial transmission 
(adult female to egg) and transstadial passage (egg to larva to nymph to 
adult) and by horizontal acquisition during feeding on a rickettsiemic host 
[10, 19] (Figure 2). Given that larvae, nymphs and adults may all be infec-
tive for susceptible vertebrate hosts, the ticks must be regarded as the main 
reservoir host of rickettsiae [19]. 

Almost all organs in the intervertebrate host are infected. Ixodid ticks feed 
once within each stage, but often for a period of several days. This blood-
feeding may involve a great variety of vertebrates that occupy very diverse 
habitats. To sustain a successful life cycle, it is likely that wild animals act as 
natural reservoirs for rickettsia. Free-living vertebrates and especially small 
mammals like the vole, mouse, rat, rabbit, hare and squirrel are reported to 
be potential reservoirs for rickettsia [26, 29]. Large mammals like cervids 
and cattle are also suggested to be natural reservoirs for rickettsia [30-32]. 
Humans are only occasional hosts for ticks and play no role in the mainte-
nance of the bacteria in nature.  
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Figure 2. Schematic drawing from Walker et al. 2008 showing the life cycle of tick-
borne Rickettsiae. 

Distribution 
The genus Rickettsiae has a world-wide distribution, and the existence and 
geographical spread of rickettsioses is increasing (Figure 3 and 4) [13]. The 
distribution of SFG rickettsia corresponds to the geographical distribution of 
its vector Ixodes ricinus. The geographical distribution of I. ricinus in Swe-
den is located to the southern and south-central parts of the country and the 
coastal areas in the north. The northern limit corresponds to snow cover 
(mean duration of 150 days) and a vegetation period averaging 170 days [33, 
34].  

The distribution and prevalence of I. ricinus ticks carrying rickettsia have 
been investigated mostly in southern and central Sweden. An initial study 
detected a prevalence of rickettsia DNA in 1.7% of the collected ticks [2]. 
Follow-up studies analysed ticks collected at seven different localities, and 
rickettsiae were detected both in the inland of southern Sweden and in 
coastal areas in the south-east and northern Sweden. The study showed oc-
currence of only one rickettsia species, R. helvetica, with an overall preva-
lence of 13.7% [35]. Another study from 29 localities in southern and central 
Sweden showed a prevalence of 9.6% for Rickettsia spp. in ticks. The major-
ity of the positive samples represented R. helvetica, but one tick was infected 
with a rickettsia species closely related to R. sibirica [36]. 

In recent years several studies have shown that environmental factors like 
climate, biotope and the abundance of ticks and their hosts are important to 
the geographic distribution of ticks and the rickettsiae they transmit. A 
changing climate and the impact of human behaviour on the environment 
affect the spread of ticks and the pathogens they carry [34, 37-39]. The range 
and abundance of I. ricinus ticks have increased markedly in Sweden during 
the past two decades, probably because of an increased duration of the vege-
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tation period and an increase of the roe deer population [40]. This affects the 
tick-borne infections, including Lyme borreliosis and TBE, which also in-
crease in incidence [34, 41]. In Sweden, the main host for adult ticks is the 
roe deer (Capreolus capreolus), but also other medium- and large-sized 
mammals are important mating and blood hosts for I. ricinus [40, 42]. Host 
migration events are also responsible for expanding the habitat of ticks by 
potentially introducing them into new geographic regions. Migrating birds, 
for example, can act as long-distance vectors for several microbial agents of 
human disease and are also incidentally reported for rickettsiae [43]. Rapidly 
evolving rickettsiae may adapt to different hosts and environmental condi-
tions, and prevalence of currently minor pathogenic species may be favoured 
by changing environmental conditions [44].  
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Figure 3. Map from Parola et al. 
2005 illustrating Rickettsia distri-
bution in Europe.  

Coloured symbols indicate patho-
genic rickettsia. White symbols 
indicate rickettsia of possible 
pathogenicity and Rickettsia of 
unknown pathogenicity. 

 Figure 4. Map from Parola et al. 
2005 illustrating Rickettsia dis-
tribution in Asia. 

Coloured symbols indicate 
pathogenic rickettsia. White 
symbols indicate rickettsia of 
possible pathogenicity and 
Rickettsia of unknown patho-
genicity. 
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Pathogenesis 
Arthropods transmit rickettsia bacteria through salivary secretion (ticks) into 
the bite or via faeces (flea and louse), thus contaminating the skin area 
around the bite [45]. The strict intracellular environment entails technical 
difficulties in studying the organism in detail. Interaction between the 
rickettsiae and the host cell involves several steps including recognition, 
entry, phagosome escape, growth, actin-based motility, cell-to-cell spread 
and cell lysis, as seen in Figure 5 [12, 46].  

After the rickettsial entry into the dermis, the transmitted rickettsiae are 
hematogenously disseminated, and the bacteria preferentially infect endothe-
lial cells lining the small blood vessels [12, 46, 47]. Rickettsiae may also 
enter phagocytic cells such as macrophages (a secondary target of most 
rickettsiae) by antibody-mediated opsonisation as well as invade underlying 
tissue such as smooth muscle cells and monocytes [48, 49]. 

Rickettsial penetration into the host cell is considered to be mediated by 
parasite-induced phagocytosis [50, 51]. Once in the host cell, the bacteria 
lyse the phagosome membrane with a phospholipase and get into the cyto-
plasm [52]. In the cytosol, they acquire nutrients and components required 
for growth, and the bacteria start replicating. A virulence mechanism unique 
to SFG rickettsiae, in contrast to the typhus rickettsiae, involves the utiliza-
tion of the intracellular actin-based motility system to promote direct cell-to-
cell spread [12]. SFG rickettsiae are also able to move within the cell and 
can enter the nuclei because of the actin polymerization [19]. Mode of exit 
from the host cell varies depending on the species. Some exit by cell lysis 
and others are extruded from the cell by local projections, filopodia (fila-
mentous actin), which associate with the bacteria and help to push them out 
(Figure 5). Another mode of exit is by budding through the cell membrane; 
in this case the bacterium remains enveloped in the host cell membrane as it 
infects other cells [50].  

Pathogenesis is primarily due to irreversible destruction of the cells by the 
replicating bacteria, because rickettsiae do not produce soluble toxins [47]. 
Destruction of the endothelial cells, most critical in the lungs and brain, re-
sults in leakage of fluid from the bloodstream due to increased vascular per-
meability. The fluid is accumulated in the surrounding tissue, edema, with 
subsequent organ and tissue damage [46].  

An aspect of the pathogenesis of rickettsial infections is the host defences. 
Studies of murine models of spotted fever and typhus group rickettsioses 
have identified mechanisms of immunity. Gamma interferon (IFN-γ) and 
tumour necrosis factor alpha (TNF-α) are cytokines secreted by host immune 
cells, and they activate the infected cells to kill intracellular rickettsiae [53, 
54]. 
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Figure 5. Schematic drawing from Goldberg et al. 2001 illustrating the pathogenesis 
of Rickettsia. 

 

Clinical manifestation and treatment 
Several species are potentially harmful to humans, for example R. prowaze-
kii, the causative agent of epidemic typhus, R. rickettsii, which causes Rocky 
Mountain spotted fever, and R. conorii, the agent of Mediterranean spotted 
fever [13]. R. prowazekii and R. rickettsii are considered potential biological 
weapons and are therefore currently on the bioterrorism watch list [55]. R. 
slovaca is one example of a rickettsia that has long been presumed to be 
nonpathogenic or of undetermined pathogenicity but that is now known to 
cause illness in humans [24]. Infections caused by R. slovaca have symp-
toms with distinctive features, especially enlarged lymph nodes, which led to 
the name tick-borne lymphadenopathy (TIBOLA) [56]. 

Rickettsioses can present with an array of clinical signs and symptoms, 
varying with the rickettsial species involved [49]. Clinical features of 
rickettsioses in humans begin 6-10 days after a tick bite and are somewhat 
nonspecific ‘flu-like’ symptoms including fever, headache, myalgia, fatigue 
and restlessness/insomnia [25, 49]. Rash and inoculation eschar at the site of 
the tick bite can follow an infection with rickettsia, although spotless fever 
has also been reported [57]. Some rickettsioses can be harmful and even life-
threatening if left untreated, owing to late diagnosis or misdiagnosis, as in 
the case of Rocky Mountain spotted fever [58]. Spotted fever rickettsial dis-
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eases may cause CNS infection, and R. rickettsii, R. conorii and R. japonica 
have a documented association with meningitis [25, 59]. 

The earlier a diagnosis is established, the shorter the course of rickettsial 
illness is, after appropriate treatment with antirickettsial antibiotics. In the 
treatment of infections caused by Rickettsia spp., usually doxycycline or 
another tetracycline antibiotic is usually used to inhibit bacterial cell growth 
[25, 60]. 

After recovery from SFG rickettsial infection, immunity is solid and long 
lasting; no human reinfections have been reported. Experimental animals 
that have recovered from SFG Rickettsioses are solidly immune to rechal-
lenge [61]. Antibodies against rickettsial OmpA and OmpB, but not 
rickettsia lipopolysacharide, are protective against reinfection [54]. How 
ever there are cases in which relapses of typhus have occurred in treated 
patients. Rickettsia prowazekii is the only pathogen rickettsial species with 
acknowledged capacity to remain persistent in convalescent patients [51]. 
The organism appears to lie dormant in endothelial cells until they are reac-
tivated and causes another acute but milder infection, called Brill-Zinsser 
disease [62, 63].  

Coinfections 
Coinfections between Rickettsia spp. and other pathogens are common in 
host-feeding ticks [64]. Rickettsia together with Borrelia spp. and Babesia 
spp., respectively, have been detected in ticks collected in Germany [65]. 
Other occurring coinfections are Rickettsia spp., Anaplasma spp. and Borre-
lia spp., all three simultaneously detected in Ixodes ricinus ticks [66]. Mixed 
infections in ticks can potentially influence transmission dynamics, owing 
either to interactions between bacteria within the ticks or to pathogenic ef-
fects on tick behaviour or survival. A negative interaction between 
rickettsiae within ticks is the transovarial transmission interference of the 
pathogen R. rickettsii in ticks coinfected with the nonpathogen R. peacockii 
[64]. In ticks coinfected with the two bacteria, only the non-pathogenic spe-
cies R. peacockii is transovarially transmitted. A positive interaction is an 
increased spread of Coxiella burnetii into tissues of Dermacentor ticks in the 
presence of Rickettsia phytoseiuli [67].   

Coinfections with several infectious agents have also been demonstrated 
in humans. Infection with two different bacterial agents was detected sero-
logically in forest workers in Poland  [68]. Antibodies to both Rickettsia spp. 
and A. phagocytophilum were present in 1.6% of the studied individuals. 
Workers seropositive for Rickettsia spp. also showed antibodies to Bar-
tonella spp. (9%) and B. burgdorferi (7%), respectively. Coinfection with 
viruses and rickettsia also occurs. In a patient with meningoenchephalitis, 
both rickettsia and Herpes simplex virus 2 were detected in the CSF [69]. 
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Diagnostic tools 
Traditional diagnosis and identification methods used in bacteriology cannot 
be applied to rickettsiae owing to their strictly intracellular habitat [19]. 

Isolation 
Rickettsiae are isolated most commonly from blood, skin biopsy specimens 
or ticks. Inoculation on cell culture systems, preferably Vero or L-929 cells, 
and isolation by centrifugation shell-vial technique are the most suitable 
methods. SFG rickettsiae have an optimal growth temperature of 32ºC [7]. 
Isolation is laborious and time consuming; it takes weeks to cultivate 
rickettsia on cells and it is also less sensitive than other methods. Several 
rickettsia species also require a Bio safety lab 3 for cultivation of the bacte-
ria. Therefore it is not a diagnostic alternative in clinical settings. Detection 
of rickettsiae within the cells can be achieved using microscopic examina-
tion, immunodetection or PCR [70].  

Serological tests 
Serological tests have been the easiest and also the most widely used meth-
ods for diagnosing tick-borne rickettsial infections for several years. One 
disadvantage of methods based on antibodies is that interpretation of sero-
logical data can be confounded by the cross-reactivity that occurs among the 
spotted fever rickettsiae [70]. Rickettsiae cross-react not only within and 
between the groups, but also with other bacteria such as Legionella and Pro-
teus species [14]. A combination of different serological methods can give a 
reliable result on the species level. 

Immunofluorescence 
The most commonly used serological test for diagnosis of rickettsial diseases 
is immunofluorescence assay (IFA) because it is easy to perform and a rela-
tively sensitive, specific and reproducible method. IFA can detect immu-
noglobulin G (IgG) and IgM antibodies and has a sensitivity of 84-100% 
[13, 71]. Whole cell bacteria are used as the antigen, and the cells are fixated 
on microscopic slides. Small amounts of serum are incubated on the slides 
allowing antibodies specific to the antigen to bind to the antigen. Unbound 
antibodies are washed away. A second antibody, labelled with a fluoro-
chrome, is directed against the human antibodies and results can be detected 
in a fluorescence microscopy [72]. IFA methods are not useful in diagnosis 
of infections in the acute phase, because there is a delay of 7-15 days be-
tween onset of infection and the appearance of detectable antibody titres. 
Demonstration of a four-fold rise in antibody titres between an acute phase 
and a convalescent phase sera provides evidence of a recent infection [73]. 
The method is often retrospectively used for analysis of frozen serum sam-
ples. 
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Western blot 
Western blot immunoassay is a serodiagnostic tool for confirmation of sero-
logic diagnoses obtained using conventional tests [14]. The method allows 
differentiation among the SFG rickettsiae, provided that acute-phase sera are 
used. However humans do not produce a high level of the species-specific 
antibodies against outer membrane proteins (OmpA, OmpB), which causes 
difficulties in species differentiation [19]. Western blot requires a laboratory 
equipped for cultivation of rickettsia owing to the large amount of antigens 
needed. 

PCR 
PCR has become the established quick and preferred method for confirming 
rickettsiae in clinical and biological materials [6]. The PCR amplification of 
rickettsial DNA must be performed before initiation of antibiotic treatment 
and before the antibody level is detectable [19]. PCR assays are rapid, sensi-
tive and allow for simultaneous examination of a panel of samples. One ad-
vantage of PCR is the possibility to either design species-specific methods or 
if needed to design a genus-group-specific method. There are small genetic 
differences within the SFG rickettsiae, which makes species-specific PCR 
assays difficult to develop. Group-specific PCR assays can be combined 
with sequencing to make differentiation among the group possible [6, 13]. 

Immunohistochemistry 
Rickettsiae can be detected in tissue specimens by various histochemical 
stains, including Giemsa or Gimenez stain. Most available assays are SFG 
specific, but not species specific [13]. Detection of rickettsiae using immu-
nodetection allows confirmation of infection in patients prior to their sero-
conversion [14]. Today, PCR assays are more common for detection of bac-
teria in tissues or ticks [13].  

Transmission electron microscopy (TEM)  
The technique is seldom used for diagnosis of rickettsia infection in human 
tissues or other specimen. On the other hand, electron microscopy is usable 
for ultrastructural studies of the bacteria and the infected cell, for example in 
the vector or in experimental studies, when rickettsia-infected cells are 
propagated in cell culture [45]. TEM is also used for bacterial morphology 
studies. Rickettsia can usually be visualized with an ordinary light micro-
scope, but high resolution electron microscopy has greatly contributed to our 
knowledge of the ultrastructural features of rickettsiae and has also been 
successfully applied to determine the subcellular localization of bacterial 
proteins [74]. 
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Rickettsia helvetica 
In 1979, a strain of rickettsia, isolated from Ixodes ricinus in Switzerland, 
was designated as an undescribed spotted fever group rickettsia. Serological 
typing indicated that this strain differed from all other strains of SFG 
rickettsia [75]. Not until 1993 was the strain officially validated as a new 
species of SFG rickettsia. The growth characteristics and the results of IF 
serologic typing, SDS-PAGE, Western blotting (immunoblotting) with spe-
cific mice sera, and a PCR followed by RFLP analysis confirmed previously 
reported preliminary findings. The new rickettsia was given the name 
Rickettsia helvetica [76]. The existence of R. helvetica in Sweden has been 
known since 1997, and was until recently the only tick-transmitted rickettsia 
species reported in the country [2, 77]. In 2012, a tick collected from a dog 
in Sweden was infected with a R. sibirica-like species, but no other findings 
confirm R. sibirica as an established species in Sweden [36]. 

R. helvetica’s genome size is 1.397 Mb and is somewhat larger than the 
others in the same group [18]. R. helvetica has both a circular chromosome 
and a plasmid [22, 78]. The cell wall structure of R. helvetica contains the 
surface protein OmpB (outer membrane protein) and a 17kDa lipoprotein, 
but it is unclear whether or not the cell wall contains the immunodominant 
protein OmpA. In an attempt to analyse the corresponding gene ompA for all 
spotted fever rickettsia, the gene was not amplified for R. helvetica and no 
published sequence for R. helvetica ompA is available in GenBank [79]. The 
ompA sequences among SFG rickettsia are very divergent and, for example 
R. peacockii is unable to express the OmpA protein because the bacterium 
possesses an ompA gene that contains three premature stop codons [80]. 

Vector and reservoirs for R. helvetica  
The main vector for R. helvetica is I. ricinus, but the organism has also been 
reported in I. ovatus, I. persulcatus I. monospinosus and most recently in 
Dermacentor reticulates ticks [7, 81]. R. helvetica occurs across a large geo-
graphical area with a distribution from north-western Europe to central Asia 
(Figure 3, 4) [13, 70]. The infection rate of R. helvetica in ticks varies be-
tween 0.6–46.45% in different parts of Europe and Asia [26]. In a vegeta-
tion-rich dune area in France, an exceptionally high prevalence of R. helve-
tica in ticks was found to be ~66% [32]. An estimated prevalence of R. hel-
vetica in ticks, in Sweden, was 22% when ticks collected from dogs, cats, 
roe deer, moose, humans and vegetation were analysed in pools [77]. Two 
recent studies performed in southern and central Sweden showed a Rickettsia 
helvetica prevalence of 9.6% (individual samples) and 1.5-17.3% (pooled 
samples) in ticks from vegetation [35, 36].  

Coinfections in ticks with R. helvetica and one or more agents have been 
reported in Europe. In Croatia, one tick coinfected with R. slovaca and R. 
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helvetica was found [81]. Also in Portugal there were ticks infected with R. 
helvetica and Borrelia lusitaniae simultaneously [82]. 

In ticks, R. helvetica are vertically transmitted through the next generation 
with high efficiency [32]. The transovarial transmission rate – the proportion 
of infected females giving rise to at least one positive egg or larva – is 100% 
[26]. Pathogens that benefit from efficient transovarial transmission hardly 
depend on vertebrate hosts as reservoir, and Ixodes ricinus can therefore be 
considered a reservoir host [32]. 

The role of animals, both rodents and larger mammals, in the life cycle of 
tick-borne rickettsiae in Sweden is still unclear, and this is a subject area that 
requires closer examination. In the Netherlands, whole blood from wild ani-
mals was examined to investigate the animals’ role as a reservoir for 
rickettsia spp. Rickettsia helvetica DNA was present in mice 43/146 (29%), 
roe deer 4/21 (19%) and wild boar 2/29 (7%) [32]. However a study from 
Poland showed that not one out of 323 examined blood samples from birds, 
rodents and cervids was PCR positive for Rickettsia spp. [83]. Animals posi-
tive for rickettsia in the Netherlands showed no clinical signs of infection, 
therefore they may act as reservoir hosts and could be involved in further 
geographical dispersion of R. helvetica [32]. Genetic material from 
Rickettsia helvetica was also detected in the spleen of a roe deer in central 
Slovakia. Spleens from 109 wild animals including deer, wild boar and mou-
flon were analysed [84]. Nucleotide sequences of R. helvetica genes were 
detected in peripheral blood samples of sika deer in Japan, which suggests 
that sika deer could be a reservoir animal for R. helvetica [31].  

Rickettsia helvetica has no pathogenic effect on Swiss mice, guinea pigs 
or domestic rabbits. Small rodents, however, have been shown to be suscep-
tible to R. helvetica infection, for example meadow voles, bank voles, Euro-
pean shrews and European woodmice [85]. 

Seasonal and habitat variation in the prevalence of Rickettsia helvetica 
were observed in Ixodes ricinus ticks from Denmark. The infection rate was 
higher in ticks collected in the spring compared with those collected in the 
summer and autumn. Regarding habitat, the high tick density areas in 
ecotones had a higher prevalence of R. helvetica compared to spruce or 
beech forests [86]. 

R. helvetica in relation to clinical diseases 
R. helvetica has until recently been classified as a suspected human pathogen 
rickettsia species, but has lately been accepted as a pathogenic species and is 
now listed by the US Centers for Disease Control and Prevention (CDC) as a 
pathogen causing aneruptive fever [7, 87].  

In 1999, an association between R. helvetica and perimyocarditis was re-
ported. Two young men died of sudden cardiac failure during exercise and 
showed signs of chronic perimyocarditis. Rickettsia was detected by PCR in 
tissues from their hearts. In one of the cases, a seroresponse to rickettsia was 
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found and also verified at WHO, Rickettsial and Ehrlichial Research Labora-
tories, Texas [3]. 

Genetic material from R. helvetica was detected in samples obtained from 
autopsies of two patients with sarcoidosis. It is possible that rickettsia may 
contribute to a granulomatous process, as seen in sarcoidosis. Serum samples 
were not available and therefore seroconversion tests were not performed 
[4]. 

On the other hand, sera from 20 well-characterized sarcoidosis patients 
were analysed for anti-rickettsia IgG antibodies using immunofluorescence 
to investigate whether serological findings support the association presented 
by Nilsson et al. (2002). None of the investigated sera revealed serological 
signs of rickettsial infection, and the study does not support the association 
with sarcoidosis [88]. 

Seroconversion to Rickettsia helvetica has been shown for several patients 
in European countries. In France a man with unexplained febrile illness se-
roconverted to R. helvetica four weeks after the onset of fever, and 9.2% of 
forestry workers were seropositive against R. helvetica [57]. In Sweden, 
22.9% (8.9% verified with R. rickettsii) of 35 recruits showed a four-fold 
increase in IgG titres against R. helvetica, reflecting a high rate of exposure 
[28]. Serological evidence of R. helvetica infection was also detected by 
immunofluorescence in eight patients from France, Italy and Thailand. The 
infection presented as a mild flu-like disease associated with fever, headache 
and myalgia [5]. In a recent study in Sweden, 20 out of 206 (9.7%) patients 
investigated for Borrelia were positive for Rickettsia spp., as shown by im-
munofluorescence [89].  

A report from Denmark showed coinfections with Rickettsia helvetica and 
Borrelia sp. in Danish patients [72]. Patients with a confirmed borreliosis 
were tested for R. helvetica antibodies and 12.5% tested positive. The results 
are similar with findings in Sweden, where antibodies against Rickettsia 
spp., Borrelia spp and Anaplasma spp. were simultaneously detected in pa-
tients’ serum samples [89].  

Rickettsial infection, in samples from three Swedish patients, was con-
firmed by serological tests in combination with visualization of the 
rickettsial organism by electron microscopy. The patients had febrile illness 
with myalgia and eschar and two out of three patients had documented tick-
bite sites [28].  

Rickettsia felis 
R. helvetica was long the only SFG rickettsia detected in Sweden, but new 
findings have revealed another species: Rickettsia felis. Retrospectively ana-
lysed CSF from two patients, from Sweden, with subacute meningitis was 
found to be positive for rickettsia, and sequence analysis showed R. felis 
[90]. The bacterium was first detected in the USA, in 1990, in cat fleas 
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(Ctenocephalides felis) [91]. Fleas serve as the primary reservoir and vector 
and have a central role in the transmission of human illness. Molecular char-
acterization of R. felis designates the bacterium as a member of the spotted 
fever group rickettsiae [92]. The clinical manifestations of R. felis infections 
resemble those of a typical rickettsioses: high fever, myalgia and rash [93]. 
Central nervous system involvement has not only been reported in patients 
from Sweden, but also in patients from Mexico [94].  

 
 
 



 

 25

Aim 

The general aim of the thesis was to investigate whether rickettsiae are of 
clinical relevance in Sweden and to survey the prevalence and distribution of 
the bacteria in vectors, potential reservoirs and humans. 

Specific aims 
 

• To study the prevalence of rickettsial antibodies in a human popula-
tion in Sweden by comparing a tick-exposed group with a group of 
blood donors as controls to determine Rickettsia exposure (Paper I). 

 
• To study rickettsia infection rates in ticks from birds migrating to 

and from Sweden and to characterize the infecting rickettsia. The 
aim was also to define birds’ role as disseminators of Rickettsia 
spp.-infected arthropod vectors and to define their role as a potential 
reservoir of the agents (Paper II). 

 
• To study whether patients with various neurological symptoms and 

investigated for borreliosis are infected by rickettsia bacteria (Paper 
III). 

 
• To study growth characteristics of R. helvetica, in an experimental 

system after inoculation of a host cell-line, as well as to study host 
cell interactions of the bacteria and the possible association to inva-
siveness and virulence of R. helvetica. This includes studies of mor-
phological and ultrastructural changes in the organism and host cell 
(Paper IV).  

 
• To study whether wild animals, i.e. deer and moose, or domestic 

animals like horse, dog or cat are exposed to rickettsial infections 
and therefore may be potential reservoir hosts for spotted fever 
rickettsia (Paper V). 

 



 

 26 

Material and methods 

Study material (ticks, animal and human samples) 
 
In Paper I, a total of 236 Swedish patients seeking medical attention with 
symptoms of infectious disease after a previous tick bite were analysed for 
the presence of rickettsial antibodies. All patients had been exposed to ticks 
and most of them had been tick bitten during the past month, although the 
period ranged from 3 weeks to 2 years. 137 of the patients were positive for 
Borrelia burgdorferi IgG, giving a group with confirmed tick bite. Samples 
analysed for rickettsial antibodies were serum samples collected between 
2002–2006 and stored at -20ºC. 161 healthy blood donors with unknown 
history of tick bites were chosen as a control group. 

13,260 migrating birds were trapped during spring and autumn 2001 at 
Ottenby bird observatory, and 1127 ticks parasitizing 437 of the birds were 
collected for further studies [95, 96]. This gave an infestation rate of 2.1-2.6 
ticks per infested bird. Ticks were analysed to identify species and stage and 
then stored at -70ºC until further analysis. Due to loss of sample material 
during earlier studies, only 957 ticks representing 407 birds were available 
for rickettsia analysis in Paper II. Most of these ticks were identified as I. 
ricinus, but 25 were partly damaged and could only be characterized as 
Ixodes spp. Four nymphs from one bird were identified as I. lividus. 

In Paper III, a 56-year-old woman, included in an ongoing project 
searching for fastidious organisms, was investigated for presence of 
rickettsia species. Cerebrospinal fluid (CSF) from the woman was stored in a 
freezer and retrospectively analysed. The samples were taken when she was 
hospitalized after three weeks of illness due to worsening headache and fe-
ver. Symptoms and laboratory findings indicated sub-acute meningitis. 

Rickettsia helvetica isolated from the hemolymph of a tick collected by 
random blanket-dragging from vegetation in central Sweden was used for 
further inoculation procedures in Paper IV. The Rickettsia helvetica strain 
was high passaged and was therefore considered a standard type. 

Serum samples collected either from screening of healthy animals before 
vaccination, from animals investigated for disease or from harvested animals 
were stored for further analysis by the Swedish National Veterinary Institute 
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(SVA). The study in Paper V comprised serum samples from wild animals, 
deer (n=107) and moose (n=90) and from domestic animals, horses (n=63), 
cats (n=90) and dogs (n=100). Moose samples represented 47 adult animals 
and 43 moose calves. Deer and moose samples were collected during hunt-
ing season. Horses included were mostly sick animals investigated for mi-
crobial agents. Serum samples from cats were both from screening before 
breading or vaccination and from sick animals. Dog samples were from 
screening of rabies before vaccination, thus mostly healthy dogs. The major-
ity of the samples were collected throughout Sweden, but a few samples 
from horses were from Denmark and Iceland. The samples were collected 
during 2010-2011, with the exception of deer serum, which was sampled 
during the period 1990-1993.   

Analysis techniques 

Immunofluorescence (IF) 
Indirect micro-immunofluorescence assay was used for analyses of antibod-
ies against rickettsia. The only rickettsia species isolated in Sweden was R. 
helvetica, and for this reason the antigen was prepared from Vero cell-grown 
isolates of R. helvetica (isolated from domestic Ixodes ricinus) [2] (Paper I, 
III, V). There is cross-reactivity among spotted fever rickettsia when using 
IF, so other species than R. helvetica are also detected. A sample was posi-
tive if it showed bright green fluorescence (FITC-conjugated) to rickettsia in 
a fluorescence microscopy at magnification 1x400 at or above the specific 
cut-off.  

In human samples, rickettsia IgG antibody titres at or above cut-off 1:80 
were considered positive (Paper I, III). Antibodies visualized with FITC-
conjugated animal specific antibodies; goat anti-deer (moose and deer), -
horse, -cat and -dog at or above cut-off 1:64 were considered positive (Pa-
per V).  

All deer samples were also analysed for Anaplasma phagocytophilum 
with commercially available IF-glass (FOCUS Diagnostics, CA, USA), cut-
off titre 1:128 (Paper V).  

Western blot 
Human serum samples positive in IF analysis were also analysed using 
Western blot to verify the existence of antibodies against Rickettsia helvetica 
whole cell antigen. The antigen blotting procedure ran over night followed 
by incubation with serum the day after. The results were visualized using 
HRP-conjugated IgG (Paper I). 
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DNA purification 
DNA from ticks collected from birds were extracted earlier using Puregene 
DNA isolation protocol (Gentra Systems) and stored at -20ºC for further 
analyses (Paper II). Bacterial DNA from human CSF and inoculated Vero 
cells were extracted using automated purification with MagNa Pure kit 
(Roche Diagnostics GmbH, Mannheim, Germany) (Paper III, IV). 

PCR amplification 

Real-time PCR  
DNA extracts from ticks collected from birds (Paper II), from humans CSF 
(Paper III) and from inoculated Vero cells (Paper IV) were assayed with a 
rickettsia genus-specific real-time PCR targeting the citrate-synthase gene 
(gltA) [97]. The method was chosen because several rickettsia species other 
than R. helvetica exist outside Sweden and perhaps also inside Sweden, indi-
cating the need for a PCR designed to determine the presence of spotted 
fever group rickettsia. In each reaction, 0.25 µl LC Uracil-DNA glycosylase 
(Roche) was included to minimize the risk of contamination.  

Conventional PCR 
To obtain readable sequence data and to make species differentiation possi-
ble, all gltA PCR-positive samples were rerun using two nested PCR assays 
amplifying parts of the 17kDa-gene and the ompB-gene [98, 99] (Paper II, 
III). In case of difficulties in distinguishing between the infecting rickettsia 
species, two additional conventional PCR assays representing the gltA-gene 
and the ompA-gen were used [79, 100] (Paper II). The ompA-gene is very 
divergent among SFG rickettsiae, but the gene is not amplified for R. helve-
tica, therefore it is a good alternative in species differentiation when species 
other than R. helvetica are suspected. In the human case, the sample was 
further analysed using the nested PCR assay amplifying the 16S rRNA-gene 
fragment instead of the ompA-PCR [2] (Paper III). Expected sizes of the 
PCR fragments were confirmed using gel electrophoresis (2% agarose). 

DNA sequencing 
All PCR-derived products (amplicons) generated from the nested PCR as-
says and the conventional PCR assays were analysed using direct cycle se-
quencing at KI gene (Department for Genetic Analysis at CMM, KI, Stock-
holm) (Paper II, III). The amplicons were sequenced twice, in the forward 
and reverse directions, and similarities to and differences from other 
rickettsiae in the spotted fever group were examined using the Blast function 
in GenBank. 
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Isolation 
CSF from the patient was inoculated onto Vero cells for bacteria isolation as 
previously described [101] (paper III). The cell culture was maintained in 
Eagle’s medium to allow rickettsiae to multiply. Detection of growing 
rickettsiae was monitored using Gimenez staining and an immunofluores-
cence assay. Presence of rickettsial DNA was verified by spotted-fever-
specific real-time PCR  [97]. Also nested PCR for 17kDa and ompB-genes 
and sequencing of obtained fragments of the Vero cell grown isolate were 
performed.  

Cultivation 
R. helvetica, isolated from a tick, was cultivated on Vero cells in three paral-
lel series (Paper IV). The bacteria were inoculated in Eagle’s minimal es-
sential medium, containing 10% foetal calf serum and 1% l-glutamine. After 
centrifugation, the cell cultures were incubated in a humid cell chamber in 
5% CO2, 32°C for 14 days. A static system, i.e. without addition or replace-
ment of cell medium, was used. The entire content of each well was har-
vested each 24h interval of infection for each day. Two of the three cultiva-
tion series were frozen and later quantified using qPCR; the third series was 
stored in glutaraldehyde for examination using TEM and light microscopy. 
The harvested cells and bacteria were centrifuged, and the pellet was resus-
pended in 200µl PBS. DNA extraction was performed in a MagNA pure LC 
(Roche). To determine the number of bacterial copies in the inoculation sus-
pension a PCR, based on the gltA gene [97], was performed in a LightCycler 
2.0 (Roche). 

Immunohistochemistry 
For the immunohistochemistry analysis, cultivated cells were fixed on mi-
croscope slides and incubated with a specific anti-rickettsial rabbit antiserum 
[85]. IgG antibodies were detected by FITC-conjugated goat anti-human 
globulin (Dako, Glostrup, Denmark) (Paper IV). 

Transmission electron microscopy (TEM) 
For morphological analysis (Paper IV), using TEM, the content from every 
second day was processed by fixation in 2% glutaraldehyde in a 0.1 M so-
dium cacodylate buffer (pH 7.2), supplemented with 0.1 M sucrose, post-
fixation in 1% osmium tetroxide, dehydration in ethanol and embedding in 
epoxy resin Agar 100 (Agar Scientific, Stansted, UK). Ultrathin sections 
were placed on formvar-coated copper grids, contrasted with 4% uranyl ace-
tate and Reynolds lead citrate, and analysed in a Tecnai Bio TWIN electron 
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microscope (FEI, Eindhoven, the Netherlands). For immunocytochemical 
labelling, the Vero cells were processed according to a low-temperature pro-
tocol, as previously described [102]. These sections were initially etched in 1 
N NaOH for 1 min to compensate for the epoxy resin embedding [102]. Op-
timal dilution of the specific anti-rickettsial rabbit antiserum was 1:50 di-
luted in 0.05 M TBS pH 7.2. A 10-15 nm gold-conjugated goat anti-rabbit 
IgG (GAR-G10 or GAR-G15; Amersham International, Amersham, Bucks, 
UK) was used as a secondary antibody. 

Controls 
Serum from a patient with proven Mediterranean spotted fever (R. conorii) 
and an end-point IgG titre of 1:160, confirmed at SMI (Swedish Institute for 
Infectious Disease Control), was used as the positive control in the IF tests, 
when human samples were analysed (Paper I, III). Reference controls posi-
tive for SFG Rickettsia in IF were not available for each specific animal 
species analysed (Paper V). Instead positive samples were included in each 
IF run of animal samples. Phosphate-buffered saline (PBS) was included as 
negative control in all IF tests (Paper I, III, V).  

For the Western blot analyses, a hyperimmune serum from rabbit immu-
nized with R. helvetica was used as the positive control, and the secondary 
assay antibody alone served as the negative control (Paper II).  

Extracted DNA from R. helvetica originally isolated from a domestic 
Ixodes ricinus was used as the positive control in the PCR assays (Paper II, 
III). Sterile water was included as the negative control in each amplification 
trial (Paper II, III, IV). 

A standard calibration curve was made from a plasmid containing a gltA 
fragment of R. helvetica. The plasmid standard was a 10-fold dilution series 
containing 1.5-1.5 x 108 copies, and the standard was used in the real-time 
PCR for the quantification of R. helvetica organisms in each well from each 
day of cultivation (Paper IV).  

A human serum with an end-point titre of 1/640 for R. helvetica was used 
as the positive control in the immunohistochemistry analysis and uninocu-
lated cells were used as the negative control (Paper IV).  

In the TEM analysis, negative controls were obtained by excluding the 
primary antiserum or replacing it with nonimmune serum (paper IV). 
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Results and discussion 

 

Seroprevalence of Rickettsia spp. in humans  
In paper I, a serological pilot study conducted on tick-exposed humans 

(n=236) and on blood donors (n=161) was performed to survey whether and 
to what extent humans are exposed to SFG rickettsia. We detected rickettsial 
IgG antibodies at an overall prevalence of 2.6% (10/397). In the tick exposed 
group, 137 had tested positive for Borrelia burgdorferi, which confirms a 
previous tick bite. This group also had the highest prevalence of antibodies 
against Rickettsia helvetica (4.4%) compared with the tick exposed but Bor-
relia-negative group (3.0%) and the blood donors (0.6%). This indicates that 
humans are exposed to infected ticks and are susceptible to rickettsia infec-
tion. 

 Whole cell bacteria from R. helvetica were used as antigen in Paper I, 
but cross-reactivity occurs among the spotted fever group. R. helvetica is the 
only tick-transmitted rickettsia species established in Sweden to date, mak-
ing a presumption of R. helvetica as the agent probable. 

The R. helvetica prevalence detected in Paper I is in accordance with 
previous findings in Europe, e.g., in Denmark where a prevalence of 12.5% 
was recorded in patients with confirmed borreliosis and in France where 
9.2% of forestry workers were seropositive for R. helvetica [57, 72]. In a 
recently published study conducted in the eastern Alps, human seropreva-
lence rate of IgG antibodies against R. helvetica amounted to 7.7% [103]. 

After the publication of Paper I, another seroprevalence study was con-
ducted in the southern parts of Sweden [89]. Samples from patients with 
erythema migrans (EM) and/or general signs of infection following known 
or probable tick bite were retrospectively analysed for Rickettsia spp., Borre-
lia spp., and Anaplasma spp. Out of the 365 analysed samples, 36 (10%) had 
IgG and/or IgM antibodies against R. helvetica antigen above the cut-off.  

The geography of tick-borne rickettsioses is determined by the distribu-
tion of ticks [70]. In southern and central Sweden, previous studies have 
detected rickettsia prevalence in ticks ranging from 1.7% to maximum 
36.8% when ticks collected from nature and animals were investigated [2, 
35, 36, 77]. Seroprevalence in the human population often coincides with the 
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detection of SFG rickettsiae in ticks from the same region. The present study 
was conducted in a low endemic area for ticks, which makes it probable that 
the rickettsia prevalence in humans is higher in tick endemic areas, com-
pared to the findings in Paper I. As in the case with 10% positive patients 
from the south of Sweden as well as the case with a small survey of military 
recruits from the highly tick endemic area of Gotland in Sweden, where 
22.9% (or 8.9% if only those confirmed with R. rickettsii are counted) had 
antibodies against R. helvetica antigen [28, 89]. The recruits were followed 
during their first basic field training period and the prevalence reflects a high 
exposure to rickettsia. Patients in Paper I, however, had not been exposed to 
the same extent as the recruits and the prevalence is therefore lower.  

In one serum sample in Paper I, the presence of antibodies to R. helvetica 
was confirmed by Western immunoblot. An antibody-specific response to 
the membrane proteins in the ~120 kDa region was demonstrated, but no 
antibodies against lipopolysaccharide (LPS) were detected. The fact that 
LPS antibodies are absent probably impacts the interpretation of IF results 
due to a weaker fluorescence signal.  

The present study suggests that coinfections between Rickettsia helvetica 
and other pathogenic agents, in this case Borrelia, can occur in humans in 
Sweden. The same findings were reported from Denmark and recently also 
from southern Sweden [72, 89]. In the latter study in Sweden, more than 
every other patient seropositive for Rickettsia spp. was simultaneously sero-
positive for Borrelia spp., and one in four patients positive for Rickettsia 
spp. was also seroreactive for both Borrelia spp. and Anaplasma spp. This 
makes diagnosing more difficult and reliable tests that can determine 
whether antibodies are a reaction to recent or previous infection are needed. 
Paper I shows that humans are exposed and susceptible to rickettsioses and 
that they develop an immune response that needs to be considered when 
trying to diagnose an illness after tick exposure. 

Rickettsia isolation from human 
R. helvetica causes febrile illness, but the bacteria have also been associated 
with severe symptoms [3-5]. The human case with meningitis presented in 
Paper III was included from the outset in a larger study in which CSF sam-
ples from a total of 631 patients were retrospectively re-examined using real-
time PCR to detect Rickettsia spp. The 631 patients were originally investi-
gated based on symptoms and/or laboratory findings indicating possible 
central nervous system (CNS) infection. Rickettsial DNA was detected in 
eight of these patients, but not all cases yielded fragments of the right sizes 
when further examinations with nested PCR were performed. The quality of 
430 of the examined samples was probably reduced because the extracted 
DNA had been used before and stored in a freezer for a long period of time. 
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One of the patients positive for rickettsia is described in Paper III. The 
other samples are presented in an upcoming publication.  

Sequencing of the amplified fragments in the nested PCR assays showed 
99-100% sequence similarity with the corresponding gene fragments of R. 
helvetica (accession no. EU407139, EU407140) and significant sequence 
differences from the other rickettsiae in the spotted fever group.  

Findings in Paper III demonstrated that it is possible to detect Rickettsia 
spp. in CSF, but if the presence of bacteria is low, as suspected, in CSF ma-
terial, then the amount of bacteria may be near the detection limit for PCR 
assays. Also very little is known about the extent to which rickettsia-infected 
patients also develop an invasive infection in the CSF, and the time span of 
Rickettsemia in the CSF is probably short. All these factors may impact the 
outcome of the PCR result in CSF and can be an explanation for the low 
number of patients with rickettsia-positive CSF. For early diagnosis, the first 
choice of diagnostic method is PCR, because a reliable immune response 
appears later in the infection, but PCR assays also have limitations. 

Inoculation of CSF from the rickettsia-positive patient was performed on 
Vero cells. After six weeks of bacterial growth on the cells, many intracellu-
lar bacteria were observed inside the cells and the presence of rickettsial 
DNA was verified using real-time PCR. Nucleotide sequences of the 16S 
rRNA, ompB, and 17kDa genes were identical to the sequences from the 
CSF, and the isolate was identified as R. helvetica. This was the first time the 
bacteria were isolated from CSF, and it shows that the infection is invasive. 
Isolation of Rickettsia helvetica from a patient with suspected meningitis has 
only succeeded once so far, therefore it is important to conduct further stud-
ies in an attempt to understand the association between meningitis and R. 
helvetica. However, isolation of rickettsia from human samples requires  
patience, because of difficulties associated with these organisms due to their 
slow growth and obligate intracellular nature [17]. Spotted fever rickettsial 
diseases has been shown to cause CNS infection, and R. rickettsii, R. conorii, 
R. japonica and R. felis have a documented association with meningitis [25, 
59, 90]. 

IF assays showed IgG end titres of 160 and 320 in the early phase serum 
when the isolates of R. helvetica from tick and patient, respectively, were 
used as antigen. One reason for this may be that the surface protein expres-
sions differ between a rickettsia isolated from its vector and reservoir tick, in 
comparison with bacteria isolated from humans, but this has to be further 
investigated. No antibodies in the CSF were detected in Paper III, but the 
serological method also has not been evaluated for CSF.  

Rickettsioses can easily be confused with other febrile illnesses because 
the symptoms are often non-specific and the disease is sometimes self-
healing. This makes it difficult to distinguish rickettsioses from other febrile 
illnesses and agents causing meningitis. 



 

 34 

Growth characteristics 
In Paper IV, two parallel cultivation series, with R. helvetica inoculated 
Vero cells, were analysed separately and the mean value of bacterial count 
was calculated. Growth characteristics of the bacteria showed a short lag 
phase at day 1-3 followed by an exponential increase in bacteria with a 
maximum at day 6-7 before the stationary phase occurred. Similar findings 
for R. slovaca have demonstrated the highest point of multiplication at day 4 
when using standard type bacteria and either Vero cells or L929 cells, but for 
R. conorii L929 cells were more optimal for growth [104-106]. The earlier 
maximum of multiplication seen in R. slovaca (day 4) and R. rickettsii (day 
2-3) compared with R. helvetica can be explained by their high number of 
bacteria in the inoculum [104, 107]. Regarding R. helvetica, the number of 
bacteria in the inoculum is considerably lower leading to a prolonged lag 
phase. Higher propagation rates and earlier maxima of replication have been 
detected for wild type strains of bacteria compared with standard type strains 
[104]. In Paper IV, standard type bacteria were used, but it is likely that a 
wild type R. helvetica also would give a higher replication rate. 

The calculated generation time for R. helvetica was 20-22h which is in 
accordance with that for R. slovaca (20.34h) [106]. In contrast, a shorter 
doubling time has been reported for R. prowazekii (10h) and R. rickettsii (9-
12h) [16, 17]. Both of them are highly pathogenic species, and cultivation 
requires a bio safety lab 3, which reflects their pathogenicity. This might be 
an indication of a slower progress of infection in hosts for R. helvetica and 
similar species like R. slovaca compared with R. prowazekii and R. rickettsii. 

 No death phase was recorded for the first 14 days of R. helvetica cultiva-
tion. Concerning other species, e.g. R. slovaca (standard type) and R. 
rickettsii (wild type), the death phase started the same day or one day after 
the replication peak, with gradual degradation of DNA [104, 107]. This may 
indicate that the R. helvetica strain used in Paper IV is more stable than 
what has been reported for R. slovaca and R. rickettsii or is more adapted to 
the Vero cell line. Another possible reason could be that both the cells and 
culture medium were harvested and included in DNA analyses, thus explain-
ing the low amount of losses in DNA copies. In electron microscopy, no 
bacteria with vacuoles typical for the bacteria in the stationary phase were 
recorded, which indicates that the death phase occurs later than the 14 days 
studied. This might perhaps influence the establishment of infection in hosts 
after a tick bite.  

Analysis in microscopy demonstrated that R. helvetica bacteria invaded 
the host cell by phagocytosis and escaped by lysis. Four days post-infection, 
debris from collapsed cells was revealed. Binary fission was observed as 
well as sparse penetration of the nuclear membrane in the host cell. Cell-to-
cell spread via filopodia filled with rickettsiae was seen in the microscopy. 
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All of these are characteristic features of spotted fever rickettsia, which is 
now also demonstrated for R. helvetica. 

Although the symptoms of a R. helvetica infection are generally some-
what milder than what has been reported for Mediterranean spotted fever (R. 
conorii) and Rocky Mountain spotted fever (R. rickettsii), no difference in 
invasiveness for R. helvetica in the host cell was seen compared with what 
has been reported for other SFG rickettsiae. 

Vector and reservoirs  

Tick infested birds 
The most important vector for SFG rickettsia is ticks. In northern Europe, 
the tick species Ixodes ricinus is the most common vector, and it is also con-
sidered the main vector implicated in human cases. The only SFG rickettsia 
detected in ticks in Sweden was R. helvetica. In Paper II, we aimed to study 
the prevalence of SFG rickettsia in ticks collected from birds and also de-
termine the ecological pressure migrating birds contribute to while moving 
across continents.  

The tick samples in Paper II had previously been used for other analyses, 
therefore extracted DNA from only 957 ticks representing 529 larvae, 409 
nymphs and 19 undetermined was available for rickettsial DNA analyses. 
Most of the ticks were identified as I. ricinus, another 25 ticks were damaged 
and were classified as Ixodes spp. and four nymphs were identified as I. 
lividus.  

Of the 957 ticks, 216 (22.8%) were collected during spring and 741 
(77.4%) during autumn migration. Using the rickettsia genus-specific PCR, 
108/957 (11.3%) ticks were found to be infected with a Rickettsia spp. The 
result is in accordance with findings published shortly after Paper II, where 
a prevalence of 7.2% in ticks collected from birds in a nearby area of the 
Baltic see was reported and a prevalence of 15.1% in bird-feeding ticks from 
north-western Russia [108, 109]. The time span of seven years between the 
collected samples in the three studies shows an established level of 
rickettsia-infected ticks in the region. 

Due to the small volumes of extracted DNA in Paper II, only 81 of 108 
samples that were positive in the genus-specific PCR could be further ana-
lysed with nested PCR. Sequence analysis of the amplicons from the nested 
PCR assays revealed R. helvetica in 57 of the samples (sequence similarity 
with R. helvetica in GenBank, 99-100%), while 24 samples represented other 
spotted fever rickettsiae. Out of the 24 samples, 9 had highest similarity with 
Rickettsia monacensis for the ompB gene and R. monacensis or strain IrITa3 
for the 17kDa gene. The strain IrITA3 has highly similar sequences with 
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strain IRS3, which clusters phylogenetically with R. monacensis, making R. 
monacensis as the most likely infecting agent [110, 111].  

In 15 samples, the ompB and 17kDa sequences showed the highest simi-
larity (97-99%) with Rickettsia japonica, marmioni, heilongjiangii and 
heilongjiangensis, while the ompA sequence had 100% similarity with 
Rickettsia sp. strain Davousti. There are no registered sequences in GenBank 
for 17kDa and ompB genes for R. sp. strain Davousti. Phylogenetically, R. 
sp. Davousti is placed into the R. japonica-like group, where Davousti clus-
ters with R. japonica, R. heilongjiangensis and another nine species [112, 
113]. 

Because of the close relationship between SFG rickettsia species and the 
fact that not all genes from the suggested rickettsia species are available in 
GenBank, it is difficult to determine the exact species infecting 15 of the 
ticks. Also the limited amount of extracted DNA is a problem for species 
determination. It is well known that the primer set of OmpA does not detect 
R. helvetica [79], which confirms the findings of species different from R. 
helvetica owing to their positive result in OmpA PCR.  

Shortly after the publication of Paper II, another two reports from similar 
studies were published, one conducted on an island in the Baltic Sea and one 
in north-western Russia [108, 109]. At both collection sites, all analysed 
ticks were identified as I. ricinus and the ticks were infected with R. helve-
tica and R. monacensis; in Russia also R. japonica was found. The studies 
did not present evidence that migratory birds have reservoir status, but did 
show that migratory birds act as vehicles in the spread of pathogenic 
rickettsia species over long distances, consistent with our findings. 

In Paper II, four nymphs from the same bird were identified as I. lividus, 
three of these were positive for R. sp. strain Davousti belonging to the R. 
japonica group. Similar findings are reported from the UK where five I. 
lividus ticks were infected with a R. sp closely related to the R. japonica-like 
group [113]. 

R. helvetica was the only SFG rickettsia species reported in ticks from 
Sweden until the R. monacensis and R. sp. strain Davousti-like species was 
identified in Paper II. Since then another species, R sibirica, has been found 
in a tick collected from a dog [36]. 

Higher rickettsia prevalence was detected in ticks from birds migrating 
during spring season (68/108=63%) than during autumn season 
(40/108=37%). Several bird species are long-distance migrants passing the 
Mediterranean area, where they are infested with infected ticks on their way 
to Sweden. In the present study, the ground-foraging birds were four times 
more likely to carry infected ticks (59/6174=1%) than other bird species 
were (18/7085=0.25%). This indicates that the former group of birds has a 
higher risk of exposure to ticks as a result of their feeding habits, which is 
the case for Borrelia sp. [95]. Rickettsiae were more common among 
nymphs (68/409=16.6%) than among larvae (36/529=6.8%). The higher 
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prevalence in nymphs is presumably a result of accumulation of infection 
during consecutive feedings. 

To investigate the birds’ role as reservoir host for Rickettsia spp., the in-
festation with larvae and the prevalence of Rickettsia spp. in the larvae were 
studied. It is difficult to investigate an animal’s reservoir competence when 
the infecting agent is transovarially transmitted in the tick, as is the case with 
SFG rickettsia. When transovarial transmission of a pathogen is absent or 
very rare, as is the case with Borrelia spp., A. phagocytophilum, and Babesia 
microti, detection of the agent in feeding larvae is an indication of pathogen 
transmission from an infected reservoir host to the tick [65]. Therefore, the 
proportion of birds infested with multiple infected larvae and the observed 
counts of infected larvae on individual birds were calculated in Paper II. To 
investigate whether or not larvae were infected by the birds, 215 larvae-
infested birds were analysed by comparing the proportion of birds with in-
fected larvae among birds with a single larva and the proportion of birds 
with ≥1 infected larva among birds with ≥2 larvae. The prevalence of 
rickettsia infection in larvae was 9/127 (7.1%) individuals among single 
infested birds and 22/86 (25.6%) individuals among multiple infested birds. 
The higher prevalence of infection in larvae among multiple than among 
single infested birds could be an indication of either reservoir competence 
among birds or transmission between ticks via a co-feeding mechanism. To 
investigate which alternative is the most likely, the count of infected larvae 
at 7.1% prevalence (single infested) was compared with the observed preva-
lence of infection after the first positive larva had been identified. 22 birds 
were multiple infested with 102 larvae, of which 28 were positive. The ex-
pected count of positive larvae was (102-22) x 7.1%=5.7 larvae compared to 
the 6 observed, which does not support the reservoir theory. 

On the other hand, a blue tit, included in Paper II, was suspected of act-
ing as a competent reservoir for Rickettsia spp., because the blue tit was 
infested with two Rickettsia spp.-positive tick species, I. ricinus and I. 
lividus, and six out of seven collected ticks from the bird were infected with 
the same rickettsia species. This might indicate the ability for some passerine 
bird species to act as rickettsial disease reservoirs. In a study from Cyprus, 
three percent of birds’ blood samples were positive for Rickettsia spp., indi-
cating an ongoing rickettsemia [114]. 

Birds are reservoirs of several agents [95, 115], but even if the results in 
Paper II do not indicate that this applies to spotted fever rickettsia, it is 
shown that migratory passerine birds are an important factor for the distribu-
tion and expansion of Rickettsia spp.  

Mammals 
Roe deer and other medium- and large-sized mammals are known to be im-
portant blood hosts for the I. ricinus tick [42]. Several studies have investi-
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gated the presence of Rickettsia spp. in their tick vector, but data on the natu-
ral life cycle of SFG rickettsia in Europe are limited. Identifying natural 
infection is a useful step to determining natural hosts that may constitute 
potential reservoirs. Natural infection is determined by identifying previous 
infection through antibody detection [116]. In paper V, we analysed serum 
samples from wild and domestic mammals in Sweden to see whether they 
are natural hosts and potential reservoirs of Rickettsia spp. Out of the 450 
samples analysed, 104 (23.1%) contained IgG antibodies against R. helve-
tica. The detected seroreactivity is in line with other international investiga-
tions, e.g. in Germany where 23.3% of small mammals showed a positive 
antibody reaction to R. helvetica [29]. The serosurvey on humans in Sweden, 
presented in Paper I, showed a prevalence of rickettsial antibodies in 2.6% 
of the local population. It is expected that the seroprevalence of Rickettsia 
spp. in wild and domestic animals should be higher than in humans, which is 
a probable reflection of the greater exposure of animals to tick vectors. 

In detail, considering animal species, the numbers of sera found positive 
in Paper V were: 23/107 (21.5%) among deer, 21/90 (23.3%) among moose, 
23/63 (36.5%) among horses, 20/90 (22.2%) among cats and 17/100 (17%) 
among dogs.  

The lowest value of seroreactivity was detected in the dog population 
(17%), representing the only analysed animal species without a free roaming 
habitat and therefore also the least tick exposed group. Dogs are also fre-
quently treated with tick-repellent by their owners. Cat samples were found 
to have a seroreactivity of 22%. Horses, on the other hand, showed the high-
est value of seroreactivity (36.5%). One explanation could be that the horses 
were sick animals investigated for microbial infections, while the other ana-
lysed groups consisted of mostly healthy animals. The prevalences detected 
in Paper V should probably have been even higher, if domestic animals 
were not treated with agents for debugging on a regular basis. The role of 
domestic animals in the ecology of Rickettsia spp. is of interest because of 
their close connection to humans and their ability to spread diseases. 

Paper V is the first report of detection of rickettsial antibodies in serum 
samples from moose (Alces alces). A prevalence of 23.3% was found, which 
is similar to the prevalence in deer (21.1%). Moose and deer are often in-
fested with a large number of ticks. In Japan, R. helvetica DNA was detected 
in the blood of Sika deer in 7.8% of the analysed animals, indicating that this 
species may represent a potential reservoir host of R. helvetica [31].  

Deer samples in Paper V were also tested for antibodies against 
Anaplasma phagocytophilum and 91/107 (85%) tested positive. This is in 
line with previously reported data from Denmark, where 96.6% of the exam-
ined roe deer were positive, and deer are probably the main natural host for 
A. phagocytophilum [117].  

Rickettsia spp. are characterized by their transovarial and transstadial 
mode of transmission, and all tick stages are infective for mammal hosts. 
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Infection of mammals may result in a rickettsemia that allows non-infected 
ticks to become infected, enabling the life-cycle to continue. In this perspec-
tive, the tick is considered as the actual reservoir and the animal as an inter-
mittent reservoir during the transient rickettsemia [19]. During this short 
time of rickettsemia, the animal may be involved in further geographical 
dispersion of rickettsia bacteria. This assumption is supported by a previous 
study, where feeding ticks collected from animals were PCR positive at a 
higher rate than free-living ticks in nature [77]. The seroreactivity (Paper V) 
against SFG rickettsia among animals in Sweden is high, which identifies 
the country as an endemic region for exposure to these bacteria.  

As the serosurvey in Paper V only involved single sera from the animals 
without convalescent serum or DNA samples being available, it is not possi-
ble to determine whether the animals were currently infected with a SFG 
rickettsia or had been exposed in the past. Most of the analysed samples 
were anonymized, thus it was not possible to determine the correlation be-
tween animal sickness and seropositivity. Even though animals positive for 
rickettsia might not show clinical signs of infection, they may act as natural 
hosts and potential reservoirs and could be involved in further geographical 
dispersion of Rickettsia bacteria. 

In addition to the samples presented in Paper V, other samples from 
small and medium-sized mammals have also been analysed earlier for 
rickettsial DNA. The study material comprised blood from wild animals 
(n=24), e.g. fallow deer, red deer, roe deer, moose, fox and pig. Also biop-
sies from the lung, kidney, bladder and heart of field mice (n=18) and deer 
(n=1) were included, as well as biopsies from Norwegian moose (n=44). 
Rickettsia genus-specific real-time PCR, targeting the gltA-gene was used. 
None of the samples tested had detectable DNA. The low number of samples 
impacts the outcome. Biopsies from field mice were primarily from internal 
organs, while other studies have shown that skin biopsies are more suitable 
for detection of rickettsia by PCR in mammals. A study in Germany, on 
small mammals, showed that rickettsial organisms are best detected in ear 
tissue [29].  

Climate changes   
The geographical distribution of several tick-transmitted diseases corre-
sponds to the distributional area of its tick vector Ixodes ricinus [34]. 

Ticks and their hosts are affected directly or indirectly by temperature and 
humidity in their environment. An increase in the daily mean temperature 
gives both a prolonged vegetation period and a movement of the northern 
limit of the vegetation period. Changes in weather and climate will influence 
the occurrence, distribution, abundance, activity and survival of ticks, but 
climate changes will also impact it hosts, especially deer and other medium- 
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and large-sized mammals [33, 39, 40]. This, in turn, affects the occurrence 
and distribution of tick-borne pathogens, for example the densities of I. 
ricinus nymphs and Borrelia-infected nymphs are significantly correlated 
[33]. Rickettsia spp. may also become more abundant and expand its distri-
bution range northwards when the climate changes, which is the case for 
TBE virus and Borrelia burgdorferi [34, 41]. 

The rickettsia seroprevalence detected in Paper I (2.6-4.4%) was con-
ducted in a low endemic area for ticks, but an increasing number of ticks in 
those areas will most likely also affect the rickettsia prevalence in humans. 
Weather patterns also affect disease risk by influencing human behaviour in 
the short term, which means that humans spend more time outdoors and are 
exposed to ticks to a greater extent when the temperature is higher. 

The incidence of other tick-borne diseases, like Lyme borrelioses and 
TBE, has increased during recent years [34, 41], and there is evidence of an 
increased incidence during the winter months probably due to increased tick 
activity resulting from global warming [118]. Because domestic Rickettsio-
ses have not been diagnosed previously, there are no statistics on incidence 
in Sweden. It is likely that Rickettsioses are affected in the same way as 
other tick-borne pathogens. One study on patients positive for rickettsia in 
France revealed that increased temperature lead to an increased period of 
activity of Ixodid ticks as well as an increased aggressiveness to bite humans 
[119].  

Birds are transporters of ticks and frequently disperse them large dis-
tances which contribute to an expanded distribution range. Birds are also 
responsible for import of novel tick-borne rickettsiae into new localities, as 
shown in Paper II. The establishment of novel pathogenic rickettsia species, 
for example R. monacensis and R. japonica-like species dispersed by migrat-
ing birds as reported in Paper II, may be a reality when climate changes are 
beneficial to new rickettsia species and their ability to survive in Sweden.  

Vertebrates and especially larger mammals like deer and moose are often 
infested with a high number of ticks. Seroreactivity against Rickettsia spp. 
among wild and domestic animals, as presented in Paper V, demonstrates 
that mammals are exposed to ticks infected with rickettsia and that they de-
velop an immune response. A higher tick infestation rate among animal 
hosts of rickettsia will be the reality when abundance and activity of ticks 
increases as a consequence of climate warming. The animal hosts of 
rickettsia are also capable of contributing to the expansion of the rickettsia 
distribution range. 
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Conclusions 

• Paper I shows that humans are exposed and susceptible to 
rickettsioses and that humans develop an immune response. Patients 
with a confirmed tick bite (positive borreliosis) have a higher preva-
lence of rickettsial antibodies than blood donors. Coinfection with 
rickettsiae can occur in patients with acquired borreliosis, and peo-
ple exposed to ticks are also exposed to rickettsiae. Spotted fever 
rickettsioses are likely to be endemic in Sweden and should be taken 
into consideration in the diagnosis of tick-transmitted infections.  

 
• Paper II shows that migratory birds are important in the distribution 

and expansion of Rickettsia spp., but they do not seem to serve as 
reservoir hosts for these bacteria even though birds might be 
rickettsiemic. R. helvetica was the only tick-transmitted spotted fe-
ver rickettsia reported in Sweden prior to findings revealing another 
two species of ticks infesting birds. The inflow of novel Rickettsia 
spp. by birds into the environment provides opportunities for estab-
lishment of new endemic areas with new rickettsia species. 

 
• Paper III shows that R. helvetica can be an invasive infection and a 

possible agent for suspected meningitis. For early diagnosis, the 
method of choice should be PCR. Isolation of R. helvetica bacteria 
from a patient’s CSF is possible. Although rickettsial isolation in 
culture remains the most definitive diagnostic method, this technique 
is typically performed only in reference laboratories. When seeking 
to diagnose possible agents of meningitis, the relevance of the 
broader clinical spectrum of acute febrile illness caused by R. helve-
tica should be considered. 

 
• Paper IV shows that R. helvetica possesses features typical for the 

rickettsia bacteria, like binary fission, penetration of the cell nuclei 
and formation of philopodia. Furthermore, the bacterial growth was 
characterized by a lag-, exponential and stationary phase, but with a 
slower generation time than for other rickettsia species. Invasiveness 
of R. helvetica in host cells seems to be the same as for other SFG 
rickettsia reported.  
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• Paper V shows that both wild and domestic animals in Sweden are 
exposed to Rickettsia spp. to a great extent and that the bacteria are 
causing an immune response in their hosts. The reservoir compe-
tence of the animals has not been fully investigated, but although the 
animals may not develop clinical symptoms of infection, they may 
act as potential reservoir hosts and be involved in further geographi-
cal dispersion of rickettsia bacteria.    
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Sammanfattning (Abstract in Swedish) 

Rickettsia är en liten, strikt intracellulär, gramnegativ bakterie som sprids 
med vektorer som fästingar, löss och loppor. Bakterien kan orsaka Rickett-
sios hos människa, en sjukdom där de vanligaste symtomen är hög feber, 
huvudvärk, muskelvärk och i vissa fall ett bettmärke (eschar). I Sverige är 
Rickettsia helvetica, som tillhör spotted fever gruppen (SFG), den enda fäs-
tingöverförda rickettsiabakterien som hittats allmänt i naturen. Patogenicite-
ten för R. helvetica är ofullständigt utredd, men febersjukdom och hjärtmus-
kelinflammation har rapporterats. 

Avhandlingen beskriver delar av smittkedjan för SFG rickettsia i Sverige. 
Bakteriernas förekomst i fästingar plockade från fåglar har studerats, likaså 
det ekologiska tryck som flyttfåglars bärarskap av infekterade fästingar bi-
drar med när de korsar olika världsdelar. Mer än var tionde fästing var infek-
terad med rickettsiabakterier, i huvudsak R. helvetica. Det visade sig att 
flyttfåglar bidrar inte bara till långväga spridning av bakterier utan även till 
införsel av nya potentiellt patogena rickettsiaarter. I detta fall identifierades 
R. monacensis och en R. sp strain Davousti liknande art.  

Vidare analyserades seroreaktivitet mot Rickettsia helvetica hos både 
tamdjur och vilda djur, vilket visade på antikroppsutveckling, som uttryck 
för smittexposition, i mer än vart femte djur. Djurens roll som reservoar för 
bakterien är inte klarlagd, men oavsett är djuren indirekt involverade i sprid-
ningen av bakterien till människa via infekterade fästingar som suger blod.  

Seroreaktivitet hos människa har också studerats. Patienter, provtagna på 
grund av misstanke om borreliainfektion, samt blodgivare hade detekterbara 
antikroppar mot rickettsia, med högst prevalens i gruppen med misstänkt 
borreliainfektion. Fynden visar att människor i Sverige är exponerade för 
och utvecklar en immunreaktion mot rickettsia. Att R. helvetica skulle kunna 
ge allvarlig sjukdom verifieras av ett patientfall med subakut meningit där 
bakterien för första gången visats ge invasiv infektion med påverkan på 
nervsystemet (CNS engagemang) och där bakterien isolerats från patientens 
ryggmärgsvätska.   

Morfologi och tillväxtegenskaper för R. helvetica undersöktes för att bätt-
re förstå bakteriens invasivitet och virulens. Fynden indikerar att invasivite-
ten är jämförbar med andra rickettsiaarter men R. helvetica verkar ha en 
stabil men något långsammare tillväxt.  

Rickettsia helvetica är endemisk i Sverige och måste tas i beaktande vid 
sjukdomsutredning efter ett fästingbett.  



 

 44 

Acknowledgement 

The work presented in this doctoral thesis was carried out at the Laboratory 
Medicine, Department of Clinical Microbiology, Falu County Hospital. 
 
I would like to thank all the people who have contributed in various ways to 
my thesis. I would especially like to thank: 
 
Kenneth Nilsson, my main supervisor, for introducing me to the world of 
Rickettsioses, for all his support and help and for believing in me even 
though I was sceptical about becoming a PhD student in the beginning.  
 
All colleagues and friends at the Department of Clinical Microbiology, 
Falu County Hospital, the Serology section for helping me when I was 
new in the lab and for always making room when I do my laboratory works, 
the Bacteriology section for letting me be part of the group and for all sup-
port and guidance in the lab and for finding time for my research in the tight 
schedule, the Substrate section for all help and service with “strange sub-
strates”. You all make the lab such a nice place to work in. 
 
A special thanks to Britta Loré, head of the Clinical Microbiology depart-
ment, for letting me be part of the lab and for giving me the opportunity to 
do my doctoral studies. Your never ending enthusiasm and passion for mi-
crobiology are so inspiring.  
 
Tibor Tot, manager of Laboratory Medicine, Falu County Hospital, for giv-
ing me the opportunity to do my PhD-studies. 
 
Co-author Carl Påhlson, for your knowledge and for helping me with all 
sorts of technical and methodological problems and for providing me with 
material essential for my thesis. 
  
My co-authors, Anders Lindblom, Agnetha Lukinius, Sven Bergström, 
Jonas Waldenström, Åke Lundqvist, Anders Sjöstedt and Hans Mejlon- 
thanks for all your contributions to the articles presented in my thesis.  
 
Thanks to Björn Olsen, for being my co-supervisor and co-author and for 
giving me the opportunity to study ticks from migrating birds (Paper II).  



 

 45

 
Thanks to Eva Hjelm, for being my co-supervisor.  
 
I thank the staff at the Swedish National Veterinary Institute (SVA), Upp-
sala, and hunters in southern Sweden, for their help providing the blood 
samples analysed in Paper V. Also I thank the staff at the Department of 
Clinical sciences, Swedish University of Agricultural Sciences, Uppsala for 
valuable assistance with sampling of moose included in Paper V. Special 
thanks to Roland Mattsson, Louise Treiberg Berndtsson, Anne-Marie 
Dalin and co-author Jonas Malmsten. 
 
I wish to thank the staff and volunteers at Ottenby Bird Observatory for 
collecting the ticks analysed in Paper II. 
 
Thanks to Karen Williams for reviewing the English text in the thesis and 
the included articles. 
 
Special thanks to my mother, father and sister and her family for all your 
love and support. 
 
Most important of all, my Peter, thanks for always being positive and 
encouraging and for helping me with everything, and our son Eskil, you 
always make me smile. Love you both.  
 
 
The present work was supported by grants from the Center of Clinical Re-
search Dalarna (9028, 9486).  
 



 

 46 

References 

 
1. Estrada-Pena, A. and F. Jongejan, Ticks feeding on humans: a review of 

records on human-biting Ixodoidea with special reference to pathogen 
transmission. Exp Appl Acarol, 1999. 23(9): p. 685-715. 

2. Nilsson, K., et al., Characterization of a spotted fever group Rickettsia from 
Ixodes ricinus ticks in Sweden. J Clin Microbiol, 1997. 35(1): p. 243-7. 

3. Nilsson, K., O. Lindquist, and C. Påhlson, Association of Rickettsia helvetica 
with chronic perimyocarditis in sudden cardiac death. Lancet, 1999. 
354(9185): p. 1169-73. 

4. Nilsson, K., et al., Presence of Rickettsia helvetica in granulomatous tissue 
from patients with sarcoidosis. J Infect Dis, 2002. 185(8): p. 1128-38. 

5. Fournier, P.E., et al., Aneruptive fever associated with antibodies to Rickettsia 
helvetica in Europe and Thailand. J Clin Microbiol, 2004. 42(2): p. 816-8. 

6. Dobler, G. and R. Wolfel, Typhus and other rickettsioses: emerging infections 
in Germany. Dtsch Arztebl Int, 2009. 106(20): p. 348-54. 

7. Fournier, P.E. and D. Raoult, Current knowledge on phylogeny and taxonomy 
of Rickettsia spp. Ann N Y Acad Sci, 2009. 1166: p. 1-11. 

8. Darby, A.C., et al., Intracellular pathogens go extreme: genome evolution in 
the Rickettsiales. Trends Genet, 2007. 23(10): p. 511-20. 

9. Hackstadt, T., The biology of rickettsiae. Infect Agents Dis, 1996. 5(3): p. 
127-43. 

10. Walker, D.H. and N. Ismail, Emerging and re-emerging rickettsioses: 
endothelial cell infection and early disease events. Nat Rev Microbiol, 2008. 
6(5): p. 375-86. 

11. Gillespie, J.J., et al., Plasmids and rickettsial evolution: insight from Rickettsia 
felis. PLoS One, 2007. 2(3): p. e266. 

12. Balraj, P., P. Renesto, and D. Raoult, Advances in rickettsia pathogenicity. 
Ann N Y Acad Sci, 2009. 1166: p. 94-105. 

13. Parola, P., C.D. Paddock, and D. Raoult, Tick-borne rickettsioses around the 
world: emerging diseases challenging old concepts. Clin Microbiol Rev, 2005. 
18(4): p. 719-56. 

14. La Scola, B. and D. Raoult, Laboratory diagnosis of rickettsioses: current 
approaches to diagnosis of old and new rickettsial diseases. J Clin Microbiol, 
1997. 35(11): p. 2715-27. 

15. Schaechter, M., F.M. Bozeman, and J.E. Smadel, Study on the growth of 
Rickettsiae. II. Morphologic observations of living Rickettsiae in tissue culture 
cells. Virology, 1957. 3(1): p. 160-72. 

16. Winkler, H.H., Rickettsia prowazekii, ribosomes and slow growth. Trends 
Microbiol, 1995. 3(5): p. 196-8. 

17. Ammerman, N.C., M. Beier-Sexton, and A.F. Azad, Laboratory maintenance 
of Rickettsia rickettsii. Curr Protoc Microbiol, 2008. Chapter 3: p. Unit 3A 5. 



 

 47

18. Roux, V. and D. Raoult, Genotypic identification and phylogenetic analysis of 
the spotted fever group rickettsiae by pulsed-field gel electrophoresis. J 
Bacteriol, 1993. 175(15): p. 4895-904. 

19. Raoult, D. and V. Roux, Rickettsioses as paradigms of new or emerging 
infectious diseases. Clin Microbiol Rev, 1997. 10(4): p. 694-719. 

20. Blanc, G., et al., Molecular evolution of rickettsia surface antigens: evidence 
of positive selection. Mol Biol Evol, 2005. 22(10): p. 2073-83. 

21. Renesto, P., et al., Some lessons from Rickettsia genomics. FEMS Microbiol 
Rev, 2005. 29(1): p. 99-117. 

22. Baldridge, G.D., et al., Transposon insertion reveals pRM, a plasmid of 
Rickettsia monacensis. Appl Environ Microbiol, 2007. 73(15): p. 4984-95. 

23. Fournier, P.E., et al., Gene sequence-based criteria for identification of new 
rickettsia isolates and description of Rickettsia heilongjiangensis sp. nov. J 
Clin Microbiol, 2003. 41(12): p. 5456-65. 

24. Walker, D.H., Rickettsiae and rickettsial infections: the current state of 
knowledge. Clin Infect Dis, 2007. 45 Suppl 1: p. S39-44. 

25. Glaser, C., L. Christie, and K.C. Bloch, Rickettsial and ehrlichial infections. 
Handb Clin Neurol. 96C: p. 143-158. 

26. Socolovschi, C., et al., The relationship between spotted fever group 
Rickettsiae and ixodid ticks. Vet Res, 2009. 40(2): p. 34. 

27. Azad, A.F. and C.B. Beard, Rickettsial pathogens and their arthropod vectors. 
Emerg Infect Dis, 1998. 4(2): p. 179-86. 

28. Nilsson, K., et al., Evidence of Rickettsia spp. infection in Sweden: a clinical, 
ultrastructural and serological study. APMIS, 2005. 113(2): p. 126-34. 

29. Schex, S., et al., Rickettsia spp. in wild small mammals in Lower Bavaria, 
South-Eastern Germany. Vector Borne Zoonotic Dis. 11(5): p. 493-502. 

30. Jilintai, et al., Serological and molecular survey of Rickettsial infection in 
cattle and sika deer in a pastureland in Hidaka District, Hokkaido, Japan. Jpn 
J Infect Dis, 2008. 61(4): p. 315-7. 

31. Inokuma, H., et al., Detection of Rickettsia helvetica DNA from peripheral 
blood of Sika deer (Cervus nippon yesoensis) in Japan. J Wildl Dis, 2008. 
44(1): p. 164-7. 

32. Sprong, H., et al., Ixodes ricinus ticks are reservoir hosts for Rickettsia 
helvetica and potentially carry flea-borne Rickettsia species. Parasit Vectors, 
2009. 2(1): p. 41. 

33. Jaenson, T.G., et al., Risk indicators for the tick Ixodes ricinus and Borrelia 
burgdorferi sensu lato in Sweden. Med Vet Entomol, 2009. 23(3): p. 226-37. 

34. Jaenson, T.G. and E. Lindgren, The range of Ixodes ricinus and the risk of 
contracting Lyme borreliosis will increase northwards when the vegetation 
period becomes longer. Ticks Tick Borne Dis. 2(1): p. 44-9. 

35. Severinsson, K., et al., Detection and prevalence of Anaplasma 
phagocytophilum and Rickettsia helvetica in Ixodes ricinus ticks in seven study 
areas in Sweden. Parasit Vectors, 2010. 3: p. 66. 

36. Wallmenius, K., et al., Prevalence of Rickettsia spp., Anaplasma 
phagocytophilum, and Coxiella burnetii in adult Ixodes ricinus ticks from 29 
study areas in central and southern Sweden. Ticks Tick Borne Dis. 3(2): p. 
100-6. 

37. Suss, J., et al., What makes ticks tick? Climate change, ticks, and tick-borne 
diseases. J Travel Med, 2008. 15(1): p. 39-45. 

38. Jones, K.E., et al., Global trends in emerging infectious diseases. Nature, 
2008. 451(7181): p. 990-3. 



 

 48 

39. Gray, J.S., et al., Effects of climate change on ticks and tick-borne diseases in 
europe. Interdiscip Perspect Infect Dis, 2009. 2009: p. 593232. 

40. Jaenson, T.G., et al., Changes in the geographical distribution and abundance 
of the tick Ixodes ricinus during the past 30 years in Sweden. Parasit Vectors. 
5: p. 8. 

41. Jaenson, T.G., et al., Why is tick-borne encephalitis increasing? A review of 
the key factors causing the increasing incidence of human TBE in Sweden. 
Parasit Vectors. 5: p. 184. 

42. Tälleklint, L. and T.G. Jaenson, Infestation of mammals by Ixodes ricinus ticks 
(Acari: Ixodidae) in south-central Sweden. Exp Appl Acarol, 1997. 21(12): p. 
755-71. 

43. Santos-Silva, M.M., et al., Ticks parasitizing wild birds in Portugal: detection 
of Rickettsia aeschlimannii, R. helvetica and R. massiliae. Exp Appl Acarol, 
2006. 39(3-4): p. 331-8. 

44. Morens, D.M., G.K. Folkers, and A.S. Fauci, The challenge of emerging and 
re-emerging infectious diseases. Nature, 2004. 430(6996): p. 242-9. 

45. Brezina, R., et al., Rickettsiae and rickettsial diseases. Bull World Health 
Organ, 1973. 49(5): p. 433-42. 

46. Walker, D.H., G.A. Valbuena, and J.P. Olano, Pathogenic mechanisms of 
diseases caused by Rickettsia. Ann N Y Acad Sci, 2003. 990: p. 1-11. 

47. Teysseire, N., J.A. Boudier, and D. Raoult, Rickettsia conorii entry into Vero 
cells. Infect Immun, 1995. 63(1): p. 366-74. 

48. Feng, H.M., et al., Effect of antibody on the rickettsia-host cell interaction. 
Infect Immun, 2004. 72(6): p. 3524-30. 

49. Sahni, S.K. and E. Rydkina, Host-cell interactions with pathogenic Rickettsia 
species. Future Microbiol, 2009. 4: p. 323-39. 

50. Goldberg, M.B., Actin-based motility of intracellular microbial pathogens. 
Microbiol Mol Biol Rev, 2001. 65(4): p. 595-626, table of contents. 

51. Mansueto, P., et al., New insight into immunity and immunopathology of 
Rickettsial diseases. Clin Dev Immunol. 2012: p. 967852. 

52. Valbuena, G. and D.H. Walker, Infection of the endothelium by members of 
the order Rickettsiales. Thromb Haemost, 2009. 102(6): p. 1071-9. 

53. Feng, H.M. and D.H. Walker, Mechanisms of intracellular killing of Rickettsia 
conorii in infected human endothelial cells, hepatocytes, and macrophages. 
Infect Immun, 2000. 68(12): p. 6729-36. 

54. Feng, H.M., et al., Fc-dependent polyclonal antibodies and antibodies to outer 
membrane proteins A and B, but not to lipopolysaccharide, protect SCID mice 
against fatal Rickettsia conorii infection. Infect Immun, 2004. 72(4): p. 2222-
8. 

55. Fuxelius, H.H., et al., The genomic and metabolic diversity of Rickettsia. Res 
Microbiol, 2007. 158(10): p. 745-53. 

56. Lakos, A., [TIBOLA--a new tick-borne infection]. Orv Hetil, 1997. 138(51): p. 
3229-32. 

57. Fournier, P.E., et al., Evidence of Rickettsia helvetica infection in humans, 
eastern France. Emerg Infect Dis, 2000. 6(4): p. 389-92. 

58. Demma, L.J., et al., Rocky Mountain spotted fever from an unexpected tick 
vector in Arizona. N Engl J Med, 2005. 353(6): p. 587-94. 

59. Araki, M., et al., Japanese spotted fever involving the central nervous system: 
two case reports and a literature review. J Clin Microbiol, 2002. 40(10): p. 
3874-6. 

60. Botelho-Nevers, E. and D. Raoult, Fever of unknown origin due to 
rickettsioses. Infect Dis Clin North Am, 2007. 21(4): p. 997-1011, ix. 



 

 49

61. Diaz-Montero, C.M., et al., Identification of protective components of two 
major outer membrane proteins of spotted fever group Rickettsiae. Am J Trop 
Med Hyg, 2001. 65(4): p. 371-8. 

62. Bechah, Y., et al., Adipose tissue serves as a reservoir for recrudescent 
Rickettsia prowazekii infection in a mouse model. PLoS One. 5(1): p. e8547. 

63. Faucher, J.F., et al., Brill-Zinsser disease in Moroccan man, France, 2011. 
Emerg Infect Dis. 18(1): p. 171-2. 

64. Ginsberg, H.S., Potential effects of mixed infections in ticks on transmission 
dynamics of pathogens: comparative analysis of published records. Exp Appl 
Acarol, 2008. 46(1-4): p. 29-41. 

65. Franke, J., et al., Coexistence of pathogens in host-seeking and feeding ticks 
within a single natural habitat in Central Germany. Appl Environ Microbiol, 
2010. 76(20): p. 6829-36. 

66. Vaclav, R., et al., Associations Between Coinfection Prevalence of Borrelia 
lusitaniae, Anaplasma sp., and Rickettsia sp. in Hard Ticks Feeding on Reptile 
Hosts. Microb Ecol. 

67. Sutakova, G. and J. Rehacek, Mixed infection of Rickettsiella phytoseiuli and 
Coxiella burnetii in Dermacentor reticulatus female ticks: electron 
microscope study. J Invertebr Pathol, 1990. 55(3): p. 407-16. 

68. Podsiadly, E., et al., The Occurrence of Spotted Fever Rickettsioses and Other 
Tick-Borne Infections in Forest Workers in Poland. Vector Borne Zoonotic 
Dis. 

69. Nilsson, K., K. Wallmenius, and C. Påhlson, Coinfection with Rickettsia 
helvetica and Herpes Simplex Virus 2 in a Young Woman with 
Meningoencephalitis. Case Rep Infect Dis. 2011: p. 469194. 

70. Brouqui, P., et al., Guidelines for the diagnosis of tick-borne bacterial 
diseases in Europe. Clin Microbiol Infect, 2004. 10(12): p. 1108-32. 

71. Jensenius, M., et al., Comparison of immunofluorescence, Western blotting, 
and cross-adsorption assays for diagnosis of African tick bite fever. Clin 
Diagn Lab Immunol, 2004. 11(4): p. 786-8. 

72. Nielsen, H., et al., Serological and molecular evidence of Rickettsia helvetica 
in Denmark. Scand J Infect Dis, 2004. 36(8): p. 559-63. 

73. Schwartz, M.D., Fever in the returning traveler, part II: A methodological 
approach to initial management. Wilderness Environ Med, 2003. 14(2): p. 
120-30 concl. 

74. Vellaiswamy, M., B. Campagna, and D. Raoult, Transmission electron 
microscopy as a tool for exploring bacterial proteins: model of RickA in 
Rickettsia conorii. New Microbiol. 34(2): p. 209-18. 

75. Burgdorfer, W., et al., Ixodes ricinus: vector of a hitherto undescribed spotted 
fever group agent in Switzerland. Acta Trop, 1979. 36(4): p. 357-67. 

76. Beati, L., et al., Confirmation that Rickettsia helvetica sp. nov. is a distinct 
species of the spotted fever group of rickettsiae. Int J Syst Bacteriol, 1993. 
43(3): p. 521-6. 

77. Nilsson, K., et al., Rickettsia helvetica in Ixodes ricinus ticks in Sweden. J Clin 
Microbiol, 1999. 37(2): p. 400-3. 

78. Dong, X., et al., Genomic comparison of Rickettsia helvetica and other 
Rickettsia species. J Bacteriol. 194(10): p. 2751. 

79. Roux, V., P.E. Fournier, and D. Raoult, Differentiation of spotted fever group 
rickettsiae by sequencing and analysis of restriction fragment length 
polymorphism of PCR-amplified DNA of the gene encoding the protein 
rOmpA. J Clin Microbiol, 1996. 34(9): p. 2058-65. 



 

 50 

80. Baldridge, G.D., et al., Sequence and expression analysis of the ompA gene of 
Rickettsia peacockii, an endosymbiont of the Rocky Mountain wood tick, 
Dermacentor andersoni. Appl Environ Microbiol, 2004. 70(11): p. 6628-36. 

81. Dobec, M., et al., Rickettsia helvetica in Dermacentor reticulatus ticks. Emerg 
Infect Dis, 2009. 15(1): p. 98-100. 

82. Milhano, N., et al., Coinfections of Rickettsia slovaca and Rickettsia helvetica 
with Borrelia lusitaniae in ticks collected in a Safari Park, Portugal. Ticks 
Tick Borne Dis. 1(4): p. 172-7. 

83. Stanczak, J., et al., Prevalence of infection with Rickettsia helvetica in feeding 
ticks and their hosts in western Poland. Clin Microbiol Infect, 2009. 

84. Stefanidesova, K., et al., Evidence of Anaplasma phagocytophilum and 
Rickettsia helvetica infection in free-ranging ungulates in central Slovakia. 
Eur J Wildl Res, 2008. 54(3): p. 519-524. 

85. Hajem, N., et al., A study of the antigenicity of Rickettsia helvetica proteins 
using two-dimensional gel electrophoresis. APMIS, 2009. 117(4): p. 253-62. 

86. Kantso, B., et al., Seasonal and habitat variation in the prevalence of 
Rickettsia helvetica in Ixodes ricinus ticks from Denmark. Ticks Tick Borne 
Dis. 1(2): p. 101-3. 

87. Oteo, J.A. and A. Portillo, Tick-borne rickettsioses in Europe. Ticks Tick 
Borne Dis. 3(5-6): p. 271-8. 

88. Planck, A., et al., No serological evidence of Rickettsia helvetica infection in 
Scandinavian sarcoidosis patients. Eur Respir J, 2004. 24(5): p. 811-3. 

89. Lindblom, A., et al., Seroreactivity for spotted fever rickettsiae and co-
infections with other tick-borne agents among habitants in central and 
southern Sweden. Eur J Clin Microbiol Infect Dis. 

90. Lindblom, A., K. Severinson, and K. Nilsson, Rickettsia felis infection in 
Sweden: Report of two cases with subacute meningitis and review of the 
literature. Scand J Infect Dis, 2010. 

91. Adams, J.R., E.T. Schmidtmann, and A.F. Azad, Infection of colonized cat 
fleas, Ctenocephalides felis (Bouche), with a rickettsia-like microorganism. 
Am J Trop Med Hyg, 1990. 43(4): p. 400-9. 

92. Bouyer, D.H., et al., Rickettsia felis: molecular characterization of a new 
member of the spotted fever group. Int J Syst Evol Microbiol, 2001. 51(Pt 2): 
p. 339-47. 

93. Perez-Osorio, C.E., et al., Rickettsia felis as emergent global threat for 
humans. Emerg Infect Dis, 2008. 14(7): p. 1019-23. 

94. Zavala-Velazquez, J.E., et al., Rickettsia felis rickettsiosis in Yucatan. Lancet, 
2000. 356(9235): p. 1079-80. 

95. Comstedt, P., et al., Migratory passerine birds as reservoirs of Lyme 
borreliosis in Europe. Emerg Infect Dis, 2006. 12(7): p. 1087-95. 

96. Waldenström, J., et al., Migrating birds and tickborne encephalitis virus. 
Emerg Infect Dis, 2007. 13(8): p. 1215-8. 

97. Stenos, J., S.R. Graves, and N.B. Unsworth, A highly sensitive and specific 
real-time PCR assay for the detection of spotted fever and typhus group 
Rickettsiae. Am J Trop Med Hyg, 2005. 73(6): p. 1083-5. 

98. Leitner, M., et al., Polymerase chain reaction-based diagnosis of 
Mediterranean spotted fever in serum and tissue samples. Am J Trop Med 
Hyg, 2002. 67(2): p. 166-9. 

99. Choi, Y.J., et al., Evaluation of PCR-based assay for diagnosis of spotted fever 
group rickettsiosis in human serum samples. Clin Diagn Lab Immunol, 2005. 
12(6): p. 759-63. 



 

 51

100. Roux, V., et al., Citrate synthase gene comparison, a new tool for 
phylogenetic analysis, and its application for the rickettsiae. Int J Syst 
Bacteriol, 1997. 47(2): p. 252-61. 

101. La Scola, B. and D. Raoult, Diagnosis of Mediterranean spotted fever by 
cultivation of Rickettsia conorii from blood and skin samples using the 
centrifugation-shell vial technique and by detection of R. conorii in circulating 
endothelial cells: a 6-year follow-up. J Clin Microbiol, 1996. 34(11): p. 2722-
7. 

102. Lukinius, A., et al., Co-localization of islet amyloid polypeptide and insulin in 
the B cell secretory granules of the human pancreatic islets. Diabetologia, 
1989. 32(4): p. 240-4. 

103. Sonnleitner, S.T., et al., Spotted Fever Group - Rickettsiae in the Tyrols: 
Evidence by Seroepidemiology and PCR. Zoonoses Public Health. 

104. Boldis, V., et al., Life cycle of Rickettsia slovaca in L929 cell line studied by 
quantitative real-time PCR and transmission electron microscopy. FEMS 
Microbiol Lett, 2009. 293(1): p. 102-6. 

105. Balraj, P., et al., Comparison of Rickettsia conorii growth within different cell 
lines by real-time quantitative PCR. Clin Microbiol Infect, 2009. 15 Suppl 2: 
p. 294-5. 

106. Boldis, V. and E. Spitalska, Dermacentor marginatus and Ixodes ricinus ticks 
versus L929 and Vero cell lines in Rickettsia slovaca life cycle evaluated by 
quantitative real time PCR. Exp Appl Acarol, 2009. 50(4): p. 353-9. 

107. Eremeeva, M.E., G.A. Dasch, and D.J. Silverman, Evaluation of a PCR assay 
for quantitation of Rickettsia rickettsii and closely related spotted fever group 
rickettsiae. J Clin Microbiol, 2003. 41(12): p. 5466-72. 

108. Movila, A., et al., Detection of Babesia Sp. EU1 and Members of Spotted 
Fever Group Rickettsiae in Ticks Collected from Migratory Birds at Curonian 
Spit, North-Western Russia. Vector Borne Zoonotic Dis. 

109. Franke, J., et al., Established and emerging pathogens in Ixodes ricinus ticks 
collected from birds on a conservation island in the Baltic Sea. Med Vet 
Entomol. 24(4): p. 425-32. 

110. Beninati, T., et al., First detection of spotted fever group rickettsiae in Ixodes 
ricinus from Italy. Emerg Infect Dis, 2002. 8(9): p. 983-6. 

111. Boretti, F.S., et al., Molecular Investigations of Rickettsia helvetica infection 
in dogs, foxes, humans, and Ixodes ticks. Appl Environ Microbiol, 2009. 
75(10): p. 3230-7. 

112. Matsumoto, K., et al., Detection of "Rickettsia sp. strain Uilenbergi" and 
"Rickettsia sp. strain Davousti" in Amblyomma tholloni ticks from elephants in 
Africa. BMC Microbiol, 2007. 7: p. 74. 

113. Graham, R.I., M.C. Mainwaring, and R. Du Feu, Detection of spotted fever 
group Rickettsia spp. from bird ticks in the U.K. Med Vet Entomol, 2010. 
24(3): p. 340-3. 

114. Ioannou, I., et al., Carriage of Rickettsia spp., Coxiella burnetii and 
Anaplasma spp. by endemic and migratory wild birds and their ectoparasites 
in Cyprus. Clin Microbiol Infect, 2009. 15 Suppl 2: p. 158-60. 

115. Kapperud, G. and O. Rosef, Avian wildlife reservoir of Campylobacter fetus 
subsp. jejuni, Yersinia spp., and Salmonella spp. in Norway. Appl Environ 
Microbiol, 1983. 45(2): p. 375-80. 

116. Haydon, D.T., et al., Identifying reservoirs of infection: a conceptual and 
practical challenge. Emerg Infect Dis, 2002. 8(12): p. 1468-73. 

117. Skarphedinsson, S., P.M. Jensen, and K. Kristiansen, Survey of tickborne 
infections in Denmark. Emerg Infect Dis, 2005. 11(7): p. 1055-61. 



 

 52 

118. Danielova, V., et al., [Effects of climate change on the incidence of tick-borne 
encephalitis in the Czech Republic in the past two decades]. Epidemiol 
Mikrobiol Imunol, 2004. 53(4): p. 174-81. 

119. Parola, P., et al., Warmer weather linked to tick attack and emergence of 
severe rickettsioses. PLoS Negl Trop Dis, 2008. 2(11): p. e338. 

 
 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 888

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine.

Distribution: publications.uu.se
urn:nbn:se:uu:diva-197277

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2013


	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	Rickettsia
	General characteristics
	Phylogeny and taxonomy
	Vectors and reservoirs
	Distribution
	Pathogenesis
	Clinical manifestation and treatment
	Diagnostic tools
	Rickettsia helvetica
	Rickettsia felis


	Aim
	Specific aims

	Material and methods
	Study material (ticks, animal and human samples)
	Analysis techniques
	Immunofluorescence (IF)
	Western blot
	DNA purification
	PCR amplification
	DNA sequencing
	Isolation
	Cultivation
	Immunohistochemistry
	Transmission electron microscopy (TEM)

	Controls

	Results and discussion
	Seroprevalence of Rickettsia spp. in humans
	Rickettsia isolation from human
	Growth characteristics
	Vector and reservoirs
	Tick infested birds
	Mammals

	Climate changes

	Conclusions
	Sammanfattning (Abstract in Swedish)
	Acknowledgement
	References
	Acta Universitatis Upsaliensis



