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Abstract
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The spotted fever rickettsia, Rickettsia helvetica, is an endemic tick-borne bacteria in Sweden. It
causes infections in humans, manifested as aneruptive fever, headache, arthralgia and myalgia,
and sometimes an inoculation eschar or a rash. There have also been two known cases of human
infections with R. felis in Sweden.

The present thesis starts by investigating dispersal of ticks and Rickettsia spp. by migrating
birds flying from Africa to Europe. Almost 15,000 birds were searched and 734 ticks collected,
mainly of the species Hyalomma marginatum complex. Almost half (48%) of the ticks were
infected with Rickettsia spp., 96% of which was R. aeschlimannii, the remaining R. africae and
undefined species.

The next study focused on questing ticks over a large area in Sweden and determining the
prevalence of Rickettsia spp., Anaplasma spp. and Coxiella burnetii. Rickettsia spp. was found
in 9.5-9.6% of the ticks and A. phagocytophilum in 0.7%; no C. burnetii was found.

The last three papers in the thesis focused on the clinical presentation of rickettsiosis,
the symptoms associated with the infection in general and particularly in patients with
neurological complications. A tick-exposed population in Sweden was investigated to gain a
better understanding of symptoms due to rickettsioses, also in relation to co-infections with other
tick-borne bacteria. Based on symptoms, it was not possible to distinguish what pathogen caused
the infections. Most patients had erythema migrans, some had serological reactions to Rickettsia
spp., Borrelia spp. or co-infections by Rickettsia spp., Borrelia spp. and/or Anaplasma spp. In
the fourth and fifth papers, we found associations between antibodies against Rickettsia spp.
and sudden deafness (in 10-24% of patients) and facial nerve paralysis (in 8.3-25% of patients).
In three patients R. felis was detected in the cerebrospinal fluids.  

Briefly, the thesis helps to clarify our knowledge about tick dispersal, shows a narrower
prevalence estimate of Rickettsia spp. in Swedish ticks, and illuminates symptoms of
rickettsioses and co-infections with other tick-borne infections. It also shows that presence
of erythema migrans may be explained by more than Lyme disease and indicates a possible
association between rickettsiosis and sudden deafness and facial nerve paralysis.

Keywords: tick-borne infections, co-infections, ticks, Ixodes ricinus, zoonosis, Rickettsia
helvetica, migrating birds, Bell’s pares, erythema migrans, Rickettsia aeschlimannii, sudden
deafness, facial nerve paralysis, Hyalomma marginatum, Rickettsia africae, western blot,
PCR, serology
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Abbreviations 

17kDa 17 kilo Dalton surface antigen 
bp  base pair 
BLAST Basic local alignment search tool 
CCHF  Crimean-Congo hemorrhagic fever 
DEBONEL  Dermacentor-borne necrosis erythema lymphadenopa-

thy 
DMEM  Dulbecco’s modified Eagle’s medium  
DNA Deoxyribonucleic acid 
ELISA Enzyme-linked immunosorbent assay 
EM Erythema migrans 
EMEM  Eagle’s minimum essential medium 
FBS Foetal bovine serum 
FNP Facial nerve palsy 
gltA Citrate synthase gene 
IFA Immunofluorescence assay 
IgG Immunoglobulin G 
IgM Immunoglobulin M 
LAR Lymphangitis-associated rickettsiosis 
LPS Lipopolysaccharide  
OmpA Outer membrane protein A 
OmpB Outer membrane protein B 
PBS Phosphate buffered saline 
PCR Polymerase chain reaction 
RF Rheumatoid factor 
RT-PCR Reverse transcriptase polymerase chain reaction 
SDS-PAGE Sodium dodecyl sulphate polyacrylamide gel electro-

phoresis 
SFG Spotted fever group 
s.l. Sensu lato 
sp.  Species, singular 
spp.  Species, plural 
TBE Tick-borne encephalitis 
TBEV Tick-borne encephalitis virus 
TG Typhus group 
 

 



 



Introduction 

The bacterial genus Rickettsia is among the oldest known arthropod-borne 
diseases, recognized since the end of the 19th century (1,2). Additionally, 
Rickettsia contains some of the most recently described infections (3).  

The genus is named after Howard Taylor Ricketts who, in 1906, de-
scribed the transmission of Rocky Mountain spotted fever (RMSF) by the 
tick, Dermacentor occidentalis (4). The agent of RMSF was later identified 
and named Rickettsia rickettsii. 

Originally Rickettsia was classified as a virus or an organism somewhere 
between viruses and bacteria (2). Much later, it was established to be an 
intracellular bacteria (5,6).  

Despite the early recognition of the diseases caused by Rickettsia and lat-
er the pathogen itself, many of the species are labelled as agents causing 
emerging, re-emerging and/or neglected infections. The apparent increase of 
infections caused by Rickettsia spp. may have a number of explanations: 
changes in factors concerning the environment, vegetation and the increased 
movement of humans and animals. It may also be explained by the previous 
lack of knowledge owing to difficulties studying intracellular bacteria, the 
fact that the general symptoms of infections with Rickettsia spp. make them 
difficult to distinguish from other infections, as well as the possible changes 
in prevalence of other infectious diseases (7–10).  

Though more knowledge is available today, the whole picture is still far 
from clear regarding Rickettsia, and more knowledge is needed if we are to 
be able to monitor emerging species, perform accurate and prompt diagnoses 
and develop better tools to study the bacteria and their pathological effects 
on humans and animals.     

The first documentation of Rickettsia spp. (Rickettsia helvetica) in Swe-
dish ticks occurred 20 years ago (11), since then awareness of the risk of 
infection for humans and wild and domestic animals has increased. Still, in 
Sweden, rickettsioses have not received anywhere near the public recogni-
tion Lyme borreliosis and tick-borne encephalitis (TBE) have.     

Emerging zoonotic infections  
A zoonosis is an infection caused by viruses, bacteria, protozoa, helminths or 
fungi that is spread between animals and humans (here the term zoonosis is 
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referring to infections spreading from animals to humans (12)). Of all known 
human infections, 61% are classified as zoonoses (13), for example: avian 
influenza, campylobacteriosis, salmonellosis, Ebola, dengue fever, toxo-
plasmosis, and bovine spongiform encephalopathy (BSE). Together they 
have a great impact on both human and animal health, and large economic 
consequences (14,15).  

Among the zoonoses many are vector-borne infections, which mean they 
need a vector to spread from animals to humans. A vector is usually an in-
sect or an arachnoid. The most common vectors are mosquitoes and ticks, 
but fleas, lice, mites, flies or leeches can also be vectors. 

Many Rickettsia spp. are emerging zoonotic infections. Since 1984 the 
number of defined pathogenic Rickettsia spp. has increased greatly, from R. 
prowazekii, R. typhi, R. rickettsii, R. conorii, R. akari, R. sibirica and R. 
australis to more than 20 species, with many still waiting to be defined as 
new strains or proven to be pathogenic species (3,16–18). WHO, together 
with Food and Agriculture Organization and World Organisation for Animal 
Health, defines an emerging zoonosis as “a zoonosis that is newly recog-
nized or newly evolved, or that has occurred previously but shows an in-
crease in incidence or expansion in geographical, host or vector range” (19). 
Among the emerging infections, 75% are estimated to be zoonoses, and zo-
onoses from wildlife are predicted to be the most serious, growing threats to 
global health of all the emerging infectious diseases (13,20). The emergence 
of Rickettsia spp. may be due to climate changes, reforestation or deforesta-
tion, urbanization, movement of host animals and other factors affecting tick 
survival, behaviour and habitats (20–23). Another possible explanation for 
emerging rickettsioses is the growing awareness of such infections. For in-
stance, the successful reduction of malaria transmission, better treatment 
coverage and diagnostics have revealed the occurrence of other febrile ill-
nesses in need of attention (8,24–27). The constant advancement of biomed-
ical research tools also contributes to increasing our knowledge about patho-
gens and the infections they cause, and it enables definition of new species 
(28).    

Both researchers aiming to explain future trends in infectious diseases and 
agencies trying to prevent emerging infections from having devastating con-
sequences face many challenges (20,29). In order to control emerging zoon-
oses, with proper monitoring and tools to combat a rising threat, a “one 
health” approach could be beneficial in dealing with these complex issues. 
This would entail researchers and professionals in the veterinary, ecological, 
climatologic, agricultural and medical sciences working together with politi-
cians and policymakers, and doing so in all parts of the world (21,30,31).   
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Tick-borne infections in humans  
Ticks can transmit a number of different types of pathogens – bacteria, vi-
ruses and protozoa – and they are present in most geographical areas over 
the world. Ticks are the second most disease spreading group of arthropods 
after mosquitoes. Although ticks transmit a wider variety of pathogens, the 
total damage and severity of damage caused by mosquito-borne pathogens 
are greater (32).  

In Europe, the sheep tick, Ixodes ricinus, is the most widespread tick spe-
cies, distributed from northern Africa to northern Scandinavia. In Europe, it 
is also the most important tick-vector for the spread of several pathogens like 
Borrelia burgdorferi sensu lato complex, tick-borne encephalitis (TBE) vi-
rus, Babesia spp., and among the Rickettsiales, Anaplasma phagocytophi-
lum, “Candidatus Neoehrlichia mikurensis”, R. helvetica and R. monacensis. 
R. conorii and Bartonella spp. are thought to be spread by I. ricinus, and 
Francisella tularensis, the agent of tularaemia, and Coxiella burnetii, the 
agent of Q-fever, have both been detected in I. ricinus (21,33,34). However, 
Q-fever is most often an infection contracted by aerosol dissemination from 
contact with infected animal tissue at the lambing or slaughter of sheep or 
other farm animals (35).  

One of the most widely spread and important human tick-borne viruses is 
the Crimean-Congo haemorrhagic fever virus. It causes a mild to severe 
disease and occurs in Africa, Asia and southern Europe. The main vectors 
are ticks of the genus Hyalomma (36). 

 

 
Figure 1. Scanning electron micrograph (SEM) of an Ixodes ricinus nymph; natural 
body length 1.5 mm. Photo and Copyright © Gary Wife & Thomas G.T. Jaenson, 
Uppsala University. 
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Rickettsia 
Rickettsia are Gram-negative pleomorphic coccobacilli -
proteobacteria. Like a few other bacteria pathogenic to humans (Chlamydia, 
Coxiella, Anaplasma and Mycobacterium leprae), Rickettsia spp. are strictly 
intracellular bacteria. This affects the analysis methods available, because 
cultivation must take place in living cells and cannot be carried out on agar 
plates or in broth (37–40). The bacteria are small, 1.5-2 μm in length and 
0.3-0.7μm in diameter, and have a typical Gram-negative cell wall on the 
outside of a thin cytoplasmic membrane. Outside the cell wall is a slime 
layer or capsule built up by lipopolysaccharide, characterized as a halo 
around the bacterium when imaged by electron microscopy. Rickettsia spp. 
multiply by transverse binary fission, and when the bacteria are starved the 
division is halted and the bacteria become abnormally long rods (6,41,42).  

 

 
Figure 2. Rickettsia helvetica intracellular and intranuclear growth in Vero cells 
(left image). Close up on several R. helvetica (right image). Imaged by transmission 
electron microscopy. 

Genetic characteristics  
The genus Rickettsia belongs to the order Rickettsiales and the family Rick-
ettsiaceae, and is further divided into four groups containing more than 30 
defined species and subspecies. Previous classification in groups was based 
on type of vector and antigenic properties, but since the breakthrough of 
molecular methods, the classification has also been based on genetic traits. 
The largest group is the spotted fever group (SFG), named after the rash seen 
in RMSF. The SFG includes R. aeschlimannii, R. africae, R. akari, R. rick-
ettsii, R. conorii, R. helvetica, R. felis, R. slovaca, R. sibirica, R. monacensis, 
R. japonica, R. massiliae, R. montanensis, R. australis, R. peacockii, R. phil-
ipi and R. parkeri. The typhus group (TG) contains the two species R. 
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prowazekii, the causative agent of louse-borne epidemic typhus, and R. 
typhi, the causative agent of flea-borne endemic typhus. There are also the 
Rickettsia belli group and the Rickettsia canadensis group, including only 
one species each (18,28,43). Rickettsia has a small genome, spanning from 
1.1 Mb to 2.1 Mb over the genus, the smallest being R. typhi and the largest 
“Rickettsia endosymbiont of Ixodes scapularis” (18,44). Rickettsia DNA has 
a low G+C content (29-33%) with an approximately 75% coding sequence 
(28,45–47). The genome seems to be in constant reduction, as the intracellu-
lar lifestyle enables use of the host cell machinery and it is possible that re-
dundant genes are degraded. This is thought to reduce the bacteria’s fitness 
in relation to their arthropod host and to cause them to become more virulent 
for both arthropods and humans. The underlying mechanism is still un-
known, but has been suggested to involve loss of regulatory genes (46–48). 

In 2005, the first rickettsial plasmid was discovered in R. felis (49). Since 
then, the number of Rickettsia spp. reported to have plasmids has increased 
rapidly, including R. helvetica, R. monacensis, R. massiliae, R. akari and R. 
africae (47,50–53). However, high passaged strains might lose their plas-
mids, which could explain the long-held belief that Rickettsia spp. lack 
plasmids. The plasmids are thought to code for a type IV secretion system, a 
heat chock protein and an antigenic cell surface protein. Plasmids could be 
an explanation for the genetic diversity and adaptability of the genus, despite 
rickettsia’s reduced genome (49–51,53).    

When 16S rRNA sequencing was starting to be used as a tool for phylo-
genetical studies of bacteria, many of the species previously included in the 
Rickettsiales could be reclassified. Nevertheless, the genus Rickettsia could 
not be divided into species due to its highly similar 16S rRNA sequence 
(54,55). The common approach to differentiating species among the rickett-
siae is instead to perform multi-locus sequencing including at least five 
genes. Fournier et al. (56) established the criteria of sequencing the genes 
coding for outer membrane protein A (ompA) and B (ompB), the citrate syn-
thase (gltA), gene D encoding the PS120 protein and the 16S rRNA (rrs). 
Later the 17kDa protein gene has also been included to the list of suitable 
genes for rickettsiae differentiation (55–62). 

It has been thought that R. helvetica, like the members of the TG, lack 
OmpA, as no PCR product can be amplified with primers that amplify ompA 
for other Rickettsia spp. (60), although specific monoclonal antibodies 
against OmpA have shown specific reactions to a 145 kDa band in Western 
blot, where the same antibody specifically reacted to a 190 kDa band in R. 
rickettsii. These results indicate a smaller OmpA in R. helvetica which could 
explain the inability to amplify this gene with primers universal for the ge-
nus ompA (34). 
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Figure 3. Schematic overlook of the order Rickettsiales, with a focus on the Rickett-
sia spp. TG= typhus group, SFG= spotted fever group. The R. akari cluster also 
includes R. felis and R. australis. The R. helvetica cluster includes R. asiatica and R. 
tamurae, in the R. massiliae cluster R. aeschlimannii, R. raoultii, R. rhipicephali and 
R. montanensis are included. And included in the R. rickettsii cluster are R. conorii, 
R. japonica, R. africae, R. peacockii, R. honei, R. parkeri, R. sibirica, R. slovaca and 
R. heilongjiangensis. Image is based on, Fournier and Raoult 2009, Dumler et al. 
2001 and Tamura et al. 1995 (54,63,64). 

Today many of the Rickettsia spp. have been whole genome sequenced, 
which has led to a vast amount of data not only on protein coding genes, but 
also on all genetic information including the discovery of plasmids. This 
new genomic era has a huge potential, though there is a lot of work to be 
done before the information can be used to unravel the complete genetic 
relationship as well as the different characteristics of the Rickettsia spp. (28).  

Vectors 
Except for the two closely related R. felis and R. akari, which are transmitted 
by the cat flea (Ctenocephalides felis) and the house-mouse mite (Lipony-
ssoides sanguineus), respectively, the main vectors of SFGR are ticks (65–
67).  

All vectors of Rickettsia spp. – ticks, fleas, mites and lies – are hematoph-
agous ectoparasites. The vectors are included in the phylum arthropods. 
Ticks and mites belong to the class Arachnid, subclass Acari; fleas and lice 
are insects (Hexapoda). Ticks spend most, >90%, of their lives separated 
from their hosts, but different species spend their time very differently, some 
living freely in nature, others living within or close to their hosts’ nests and 
habitats, all depending on their host-seeking strategy. The house-mouse mite 
(the vector of R. akari) feed from their hosts at night and hide close to the 
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host during daytime, while the cat flea (the vector of R. felis) and most lice 
spend their whole lives on a single host (32,68–70).  

There are around 900 defined tick species in three families: the Ixodidae 
(hard-bodied ticks) including almost 700 species, the Argasidae (soft-bodied 
ticks) and the Nuttalliellidae, representing only one species, Nuttalliella na-
maqua distributed in eastern and southern Africa (32,71,72).  

The SFGR and many of the tick-borne pathogens are transmitted by ticks 
in the Ixodidae family, which is divided further into two groups, the 
Metastriata with 11 genera (e.g., Hyalomma, Haemaphysalis, Rhipicephalus, 
Dermacentor and Amblyomma) and the Prostriata with the single genus Ix-
odes (32). 

The Ixodidae ticks have four life stages: the egg and the three active stag-
es larva, nymph and adult. When ticks feed from a host animal in the active 
stages, the blood meal enables them to moult into the next stage in their life 
cycle, or enables the females to lay eggs. Most Ixodidae ticks are three-host 
ticks, meaning they drop off the host after feeding, moult into a new stage 
and then quest for a new host for their next blood-meal. Some ticks, like the 
Hyalomma marginatum complex, are two-host ticks and can moult into a 
new stage on the host and then re-attach for a second blood-meal (32).   

 

 
Figure 4. The four developmental stages of Ixodidae ticks, the females often lay 
thousands of eggs but it varies between species and the level of engorgement of the 
female. A tick’s life cycle can last between a few months to several years. Image is 
based on Sonenshine and Roe (32). 

Ticks feed on all terrestrial vertebrates, mammals, birds and reptiles (32,73), 
though some are more host specific, like I. frontalis, the ornitophilic tick 
which prefers birds, and I. uriae, which has specialized in sea-birds. Others, 
like I. ricinus, have a wide host range and seem to have no specific prefer-
ences for hosts. The larva and nymph parasitize small mammals, birds and 
reptiles, whereas all stages parasitize large and medium size mammals. 
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Adults are more host specific than nymphs and larvae, which is why it is 
more common for the immature stages to feed on humans (32,74).  

In Sweden, there are around ten naturally occurring tick species, most of 
them belonging to the Ixodidae family, and the vast majority of human bites 
are caused by I. ricinus (74). 

The SFG rickettsiae can be detected in many of the tick organs, the hemo-
lymph, salivary glands and ovaries. The presence of rickettsiae in the sali-
vary glands is essential for spread to hosts during feeding (75–77), and pres-
ence in the ovaries of adult females enables transovarial transmission of 
SFGR, from the female to her eggs. However, the percentage of eggs infect-
ed by transovarial transmission can vary. When the egg hatches into an in-
fected larva, the tick will stay infected throughout its life. This mode of 
transmission of SFGR, from one life stage to the next, is called transstadial 
transmission (78–81). Apart from transovarial and transstadial transmission, 
ticks can also become infected by pathogens from their blood meals. Hori-
zontal transfer is when the host has an infection that the tick ingests through 
the blood (80), but transmission can also take place during a blood meal on 
an uninfected host. This is called co-feeding transmission and occurs when 
two ticks feed in close proximity or subsequently to each other and transmit 
pathogens without any systemic infection of the host (82–84). There is also 
sexual transmission of Rickettsia spp. between adult ticks. Whether this in-
fection can enter the female’s eggs and helps to spread SFGR to subsequent 
generations of ticks is unclear (85,86).  

Co-infections 
Many tick species can transmit several pathogens, such as Rhipicephalus 
sanguineus, which transmits Anaplasma spp., Babesia spp., C. burnetii, R. 
conorii, R. rickettsii and R. massiliae (23,87). Individual ticks can also be 
infected by multiple pathogens and cause co-infections in the host they feed 
on (88–92). Most research reports focus on only one tick-borne infection at a 
time, yet a shift towards evaluating the occurrence of co-infections in ticks 
and patients is apparent, and such an approach is important for physicians 
seeing patients with confirmed or suspected tick bites. Symptoms in patients 
with tick-borne co-infection may differ from infections due to only one type 
of pathogen, and the disease caused by two or more pathogens may be pro-
longed and more severe (93,94). In Sweden, studies have reported both pa-
tients and ticks with different combinations of co-infections, including B. 
burgdorferi sensu lato, A. phagocytophilum, TBEV, R. helvetica and ‘Can-
didatus Neoehrlichia mikurensis’ (95–97).  

Apart from pathogenic microorganisms, ticks also harbour endosymbi-
onts, which are bacteria, living in a commensal, mutualistic or parasitic 
symbiosis with their arthropod host (98). R. peacockii is an endosymbiont in 
Dermacentor andersoni ticks, and this rickettsial species genetically belongs 
to the SFG, but has some distinctive characteristics separating it from many 
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of the other SFGR. R. peacockii is only found in the ticks’ ovaries and Mal-
pighian tubes and is transovarially and transstadially transmitted, but it does 
not infect the salivary glands and it does not evoke immunological reactions 
in tick cells (99–101). R. montanensis, another probably non-pathogenic 
rickettsia, is also characterized as a symbiont of D. andersoni ticks (102).  

In contrast, the two most pathogenic SFGR, R. rickettsii and R. conorii, 
cause high mortality in experimentally infected D. andersoni (83,103) and 
Rh. sanguineus ticks, respectively (80,104). Naturally infected Rh. san-
guineus are more sensitive to extreme temperatures (low and high) than non-
infected ticks, possibly limiting their survival during winter (105). When 
comparing D. andersoni, Haemaphysalis leporispalustris and Amblyomma 
americanum ticks naturally and experimentally infected with R. rickettsii, 
Burgdorfer and Brinton saw high levels of transovarial and transstadial 
transmission, but higher mortality and problems producing viable eggs as 
well as oviposition in both the naturally and experimentally infected ticks 
(106). For the tick-pathogenic rickettsiae, transovarial and transstadial 
transmission would then be of less importance than other transmission routes 
to keep the pathogens in a life-cycle (81), and this would explain why R. 
conorii and R. rickettsii  have a low prevalence in nature (103,105), though 
transovarial and transstadial transmission are almost 100% in naturally in-
fected Rh. sanguineus (78). 

R. parkeri, on the other hand, has high transovarial and transstadial 
transmission in Amblyomma maculatum and a high prevalence in nature 
(56%), which has been used to suggest that R. parkeri is an endosymbiont 
(103). However, R. parkeri is still transmitted and pathogenic to humans 
(16,102).  

Understanding the ecology of tick microorganisms is important if we are 
to evaluate the risk of transmission and to understand emerging infection 
patterns. For instance, the ability of one individual tick to transmit both R. 
peacockii and R. rickettsii transovarially seems impossible under laboratory 
conditions (81). This area requires more investigation, which could possibly 
reveal what makes some bacteria pathogenic while others, closely related, 
are not. Whole-genome sequencing of tick microbiome could be a new tool 
for investigating this field from a new angle (107). 

Reservoirs 
A reservoir host for an infectious agent is defined in relation to a target pop-
ulation. In the case of a rickettsiosis, the target population is often a human 
population. The reservoir may be one or many species, but includes every 
population that is needed for sustaining the infection in nature and that, by 
direct or indirect contact, infects the target population (108).    
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Figure 5. Wood mouse (Apodemus sylvaticus), is this a possible reservoir for Rick-
ettsia? Photo: Thomas G.T. Jaenson ©, Uppsala University. 
  
The longest standing hypothesis of a reservoir host for the SFGR is the tick 
vector population itself (79,109). Because ticks can transovarially and 
transstadially transmit the bacteria, no other host seems to be needed to 
complete the life cycle, maintain and transfer the infection (103,110). Sprong 
et al. found a stable prevalence of R. helvetica over several years and in all 
stages of I. ricinus in a study area. This contrasts to the level of Borrelia 
infection, which fluctuated over seasons and tick stages in the same area. 
This finding indicates the ability of I. ricinus to maintain the infection within 
the vector, whereas for Borrelia, depending on its reservoir hosts, the infec-
tion prevalence fluctuates (111).  

The other hypothesis focuses on mammals as potential reservoir hosts.  
Many wild and domestic animals have been reported to have antibodies to 
Rickettsia spp. (112–114), thus providing evidence of natural exposure to 
rickettsia-infected ticks. Also Rickettsia spp. have been isolated or detected 
in blood from cats, dogs with febrile illness, birds, voles, mice, roe deer and 
wild boars (111,115–118), suggesting that they could be reservoir hosts. 
Dogs have been proven to be competent reservoirs of R. conorii, spreading 
infection to uninfected ticks in experimental settings. Surprisingly, one dog 
without any signs of infection, PCR negative blood and a low serum titre 
was able to infect uninfected ticks feeding from it. This finding, according to 
Levin et al., highlights that a good reservoir host is an animal that is not se-
verely affected by the infection, thereby not reducing the host’s activity and 
their capability of exposing the infection to new susceptible vectors. This 
would, according to Levin et al. (119), seem to question the role of ticks as 
reservoirs as some Rickettsia spp. infections reduce the viability and increase 
the mortality of ticks (83,104,106). However, according to Haydon et al., 
this reasoning has no bearing on whether or not a species should be classi-
fied as a reservoir. As long as the infection persists in the population, patho-
genicity has no influence on reservoir competence (108). 

Humans are accidental or a dead-end host for rickettsiae, with the excep-
tion of the epidemic typhus agent, R. prowazekii, which has humans as at 
least one of its reservoirs. After an infection with R. prowazekii patients can 
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retains an amount of Rickettsia organisms in the body, which can flare up 
and cause a milder form of typhus, Brill-Zinsser disease, thereby enabling 
spread of the bacteria to uninfected human body lice, and the possible out-
break of a new epidemic (3).    

Distribution 
The SFG rickettsiae occur on all continents except Antarctica (18,120). The 
distribution of Rickettsia spp. follows the spread of their respective vector or 
vectors, which means that the mite and flea-borne R. akari and R. felis are 
distributed world-wide (121,122), whereas the tick-borne SFGR are more 
geographically restricted due to the specific habitats of their tick vectors. For 
R. helvetica the distribution follows the habitats of I. ricinus in Europe and 
North Africa and I. persulcatus, I. ovatus and I. monospinosus in Asia (18). 
In contrast the brown dog tick, Rh. sanguineus has a worldwide distribution 
present within latitudes 35°S and 50°N due to its specialization on domestic 
dogs as hosts. Rh. sanguineus is the vector of R. conorii (Mediterranean 
spotted fever) distributed in Europe, Africa and Asia, R. rickettsii in North 
and Central America and R. massiliae distributed worldwide (18,23,87).  

 

 
Figure 6. Geographical distribution of tick-borne Rickettsia spp. in the world. Pic-
ture by Parola and Raoult 2001 (70), Clinical Infectious Diseases, ©Infectious Dis-
eases Society of America.  

Spread to new geographical areas 
For SFG rickettsiae to be able to spread to new areas, their respective tick 
vector must first be dispersed. Ticks themselves cannot move long distances, 
not more than a few meters. However, some of their host animals, like roe 
deer, can move over larger geographical areas and transport feeding ticks 
(32,70). The hosts with the greatest potential to transport ticks to new distant  
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Figure 7. Tick on redstart (Phoenicurus phoenicurus) captured on Capri, Italy. Pho-
to: Björn Olsen.  

areas are birds. It has been recognized since the 1960s that migrating birds 
are frequently fed on by ticks, and that they bring ticks and their tick-borne 
pathogens over long distances, crossing continents (123,124). However, it is 
not until recent years that this potential dissemination of tick-borne patho-
gens by birds has received increasing research attention and recognition 
(92,125). 

It is conceivable that a tick transported by migrating birds can survive the 
summer in a new area where it can transmit infections to susceptible hosts. 
When ticks, endemic to the area, feed on the same host, they might be hori-
zontally infected with the new pathogen. Migrating birds have been demon-
strated to be bacteraemic with Rickettsia spp., which further implicates their 
likely involvement and significance in the rickettsia infection cycle, as 
agents of distribution, reservoir hosts or amplifying hosts (115,125,126). 
However, there is still no compelling evidence of the role of migrating birds. 
None of the hypotheses has been proven, and it may be that it is more critical 
to establish new endemic pathogens than we can hypothesize (127). One 
indication that ticks feeding on migrating birds can spread Rickettsia spp. is 
the description of a H. marginatum tick, endemic to Africa and southern 
Europe with birds as preferred host, that was found feeding on cattle in Italy. 
This tick was infected with R. africae, a species not recognized as endemic 
to Europe (128).    

Another mode of tick dispersal over large geographical regions is caused 
by human activities, like international travel and trade. The introduction of 
R. africae and its vector Amblyomma variegatum to the Caribbean Islands is 
thought to have been caused by ticks feeding on cattle being shipped from 
West Africa to Guadeloupe in the 18th-19th century. The climate is optimal to 
the ticks, so they survived well in their new habitat, giving R. africae a 
somewhat patchy distribution (129,130). 
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There seems to be little dispute that the climate change is causing in-
creased average temperatures and in some areas leading to decrease in rain-
fall while other areas will have increase in rainfall. These changes will ex-
pand the habitable areas for ticks and also alter their distribution. For in-
stance, it is likely that I. ricinus will expand north in Europe and decrease its 
population in southern Europe when it becomes warmer and dryer. On the 
other hand, southern Europe will be more preferred by ticks like Amblyom-
ma spp. that today are more abundant in Africa.  

However, there has been some debate as to whether the past decade’s in-
crease in Lyme borreliosis and TBE cases, especially the new risk areas in 
Europe (131–134), is an effect of climate change (135–138). Direct changes 
in climate influence the areas that are suitable as habitats for ticks. I. ricinus 
has been seen to be active during winter in Europe, which increases tick 
exposure to the public and decreases the life-cycle time for ticks, leading to a 
more rapid expansion of the population. The northern boundary has been 
pushed further north in Scandinavia, and the altitude of tick habitats has 
increased in central Europe’s mountain areas (127,137,139). A specific ef-
fect on tick behaviour can be seen in Rh. sanguineus, which rarely feeds on 
humans even though its habitat is in close proximity, given its specialization 
on domestic dogs as hosts (87). However, warmer temperatures will increase 
Rh. sanguineus’ attacks on humans (23). On the other hand, the abundance 
of ticks also coincides with an increase in the roe deer population, one of the 
most important hosts for adult I. ricinus (74,136,140). Another important 
aspect of increased tick-borne infections is socio-political, with changes in 
agriculture, human contact with nature and the use of TBE vaccine. Alt-
hough some of these indirect effects could also be due to climate changes, 
human migration and altered agricultural practices will most likely be a con-
sequence of climate change (135–138).  

Rickettsia spp. in Sweden and neighbouring countries  
Since the first detection of Rickettsia spp. in Scandinavia, in Sweden 1997 
(11), more reports have followed from feeding and questing I. ricinus ticks 
infected with Rickettsia. R. helvetica is the only documented Rickettsia spp. 
found in ticks in Sweden, with the exception of one finding of R. sibirica.  
However, a few cases of human infections with the flea-borne R. felis have 
been found, but no vector has been demonstrated to be infected with R. felis 
in Sweden (141,142). 

The prevalence of Rickettsia spp. in ticks in Sweden is between 1.5% and 
37% (143,144), in our neighbouring country Norway the prevalence is be-
tween 0.2-3.5% (145,146) and in Denmark 4-13% have been reported (147–
149). In the east, on the opposite side of the Baltic Sea, Estonia’s tick popu-
lation (I. ricinus and I. persulcatus) has a Rickettsia prevalence of 5.1%, 
mainly consisting of R. helvetica and one documented case of R. monacensis 
(150). Elfving et al. showed that migrating birds passing the Swedish bird 
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observatory Ottenby carry ticks, mainly I. ricinus, with a Rickettsia spp. 
prevalence of 11.3%. Most ticks were infected with R. helvetica, but nine I. 
ricinus ticks were infected with R. monacensis (151). These findings are in 
accordance with a recent report from Slovakia, where only I. ricinus was 
collected from migrating birds and found positive for R. helvetica, and to a 
lesser extent for R. monacensis (126).   

Rickettsioses   
Rickettsioses have many general symptoms, such as a flu-like infection with 
fever, headache, rash, myalgia and arthralgia. Clinically, the same species 
can cause different symptoms from case to case, and different species can 
cause the same complex of symptoms. The rickettsiosis may also be hard to 
distinguish from other infections (3,152). However, some of the symptoms 
are more specific and can give some clinical guidance. An inoculation eschar 
at the bite site of the tick is relatively common, but it does not appear for all 
species or in all cases (18). In African tick-bite fever, multiple eschars can be 
seen due to the aggressive vector of R. africae, the Amblyomma ticks that 
often attack a single host in group (153). A cutaneous rash often develops a 
few days after fever onset and can be maculopapular, petechial or vesicular 
and frequently involves the soles of the feet and palms of the hands 
(122,154).  

Incubation time from tick bite until symptoms appear is usually 4-8 days, 
but can sometimes be as long as 10 days (153,155).  

Some rickettsial infections cause more distinctive syndromes, like the 
condition tick-borne lymphadenopathy (TIBOLA), which is also called 
Dermacentor-borne necrosis erythema lymphadenopathy (DEBONEL) or 
scalp eschar and neck lymphadenopathy after tick bite (SENLAT). TI-
BOLA/DEBONEL/SENLAT is a regional lymphadenopathy, often painful 
and seen with a larger inoculation eschar surrounded by erythema migrans 
(EM). The tick bite is predominantly found on the scalp. Patients are pre-
dominantly women and children, and 26% of patients have fever while rash 
and myalgia are relatively rare symptoms. In some areas, the syndrome is 
more common than Mediterranean spotted fever (MSF), and despite the ac-
ronym DEBOLA the vector is not always Dermacentor ticks (152,156–158). 
The main causative agent is R. slovaca, but it is also associated with infec-
tions by R. raoultii, R. philipii, Candidatus Rickettsia rioja, R. massiliae and 
can also be caused by other bacteria such as Bartonella spp. (152,158–160). 
Another condition called lymphangitis-associated rickettsiosis (LAR) is an 
inflammation of the lymphatic vessel closest to the eschar and is associated 
with R. sibirica mongolitomonae, R. africae and R. heilongjiangensis infec-
tion. LAR is often the main symptom of R. sibirica mongolitomonae infec-
tion, though one patient experienced septic shock due to the infection 
(152,161,162). In practice, MSF is also a syndrome. Because R. conorii was  
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Figure 8. Transmission cycle of Rickettsia spp. Picture by John Pettersson (168) 
based on the work of Socolovschi et al. 2009 (109) and Parola et al. 2005 (16). 

the only recognized rickettsia in the area, before the breakthrough of mo-
lecular methods all spotted fevers were diagnosed as the same disease. In 
reality the disease is probably caused by all rickettsial species endemic to the 
Mediterranean: R. conorii subspec. conorii (the main causative agent) sub-
spec. caspia and subspec. isrealensis, R. monacensis, R. slovaca, R. aeschli-
mannii and R. massiliae (122,152,162). Another symptom that is relatively 
often reported in rickettsioses is eye- involvement, for example, acute visual 
loss with chorioretinitis (posterior uveitis) due to R. massiliae and R. conorii 
(23), conjunctivitis caused by R. slovaca (163) and acute visual loss due to 
anterior ischemic optic neuropathy caused by R. conorii (164). Despite the 
common occurrence of infection involving the eye, visual impairment has 
often been overlooked, misdiagnosed and not included in the clinical symp-
toms used to characterize a rickettsiosis (23,165), however awareness is 
growing (18,152). In some cases, the main or only symptom of a rickettsiosis 
has been visual impairment (165–167). 

The severity of rickettsioses varies, the highly severe RMSF has a report-
ed mortality between 25 and 70% when untreated (18,169). In Arizona, 
U.S.A, the mortality rate is still 7% in the post-antibiotic era (170). Epidemic 
typhus, caused by R. prowazekii, is said to have caused most deaths during 
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many historical wars and is emerging in the refugee camps of present-day 
wars, with a case fatality of 10-30% (3,171). MSF is not as fatal as RMSF or 
epidemic typhus, although a fatality rate of 2.5% has been reported and the 
severity of the disease is frequently reported (154,172). Other rickettsial 
infections cause a milder and self-limiting disease, like African tick-bite 
fever (R. africae), for which there are no reports of life-threatening compli-
cations or deaths (153).  

Analyses of risk factors related to fatal outcome due to rickettsiosis have 
revealed associations with old age, diabetes, vomiting, dehydration, high 
fever, and treatment delay, when patients have been diagnosed with Mediter-
ranean or Rocky Mountain spotted fever (172–174). A delay in treatment is 
often seen when symptoms are general; lack of a rash in the risk area for 
RMSF is associated with treatment delay and, consequently, a higher mortal-
ity rate (170,174,175).  

Pathogenesis    
When bitten by an infected tick, the sali-
vary glands of the tick transmit rickettsia 
bacteria to the mammalian host, or in the 
case of fleas and lice it is the faeces that 
infect the bite site when the host scratches 
the itching bite. Infections with Rickettsia 
spp. in the skin, after the bite of the vec-
tor, can cause eschars, as mentioned pre-
viously, and there is a good correlation 
between the species causing the eschars 
and the severity of the infection. To gen-
eralize, milder infections, like African 
tick-bite fever, cause eschars, while more 
severe infections, like RMSF or epidemic 
typhus, rarely do. The eschar formation is due to a perivascular infiltration of 
leukocytes, lymphocytes and phagocytes causing vasculitis, and the for-
mation of vascular thrombosis causes the cutaneous necrosis and hence the 
eschar. It is likely that the local inflammation around the bite protects the 
host from a bacteraemic spread of bacteria (176).  

Rickettsia has a preference for the vascular endothelial cells of small and 
medium sized blood vessels, but they can also infect the lymphatic vessels, 
neurons and to some extent invade phagocytes (177,178). Well inside the 
host’s circulation, rickettsia adheres to the host’s endothelial cells. At pre-
sent four proteins have been identified as conservative for the SFGR and 
active during adherence to the host cells: surface cell antigen (Sca) 0, 1, 2 
and 5, where Sca0 and Sca5 are the rickettsial outer membrane proteins Om-
pA and OmpB (179–182). The Sca proteins are a family of autotransporters, 

Figure 9. Adherence and initiation 
of internalization of Rickettsia by 
host cell, Sca1 not included. Image 
from Cardwell & Martinez, Infection 
and Immunity 2009 (179). 
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common in Gram-negative bacteria, and the Rickettsia spp. have 17 Sca 
genes, most of which are degraded and non-functioning (181).  

The attachment is followed by invasion through inductive phagocytosis 
by endothelial cells. The OmpB and Sca2 proteins play active roles in induc-
ing internalization of the bacteria (179,183).  

The only known cell receptor that rickettsia adhere to is the OmpB recep-
tor Ku70 protein, which is present on the surface of some mammalian cells, 
especially endothelial cells. Binding of Ku70, and unidentified receptors, 
initiates bacterial internalization by activating clatherin- and caveolin-
mediated endocytosis, and rearranging of the actin cytoskeleton (183). Once 
inside the cell, rickettsia quickly escapes the phagosome and when free in-
side the cytoplasm of the host cell, the bacteria can make use of the cell’s 
nutrients and machinery to grow and spread (177). Rickettsia, together with 
some other intracellular bacteria, can high-jack the host cells actin polymeri-
zation and use it as a mechanism of intra and intercellular spread. The actin 
polymerization is the way rickettsia move in to the cell nucleus and also 
intercellularly to reach neighbouring cells, thus spreading the infection 
(184). There are two mechanisms through which rickettsia polymerizes ac-
tin, one early in the initial infection phase, which produces shorter curved 
actin tails (probably for intracellular movement) where the RickA protein 
recruits and activates the host cell’s actin-related protein (Arp) 2/3 complex, 
which in turn initiates polymerization of actin. Later in the infection, after 
rickettsial replication, there is a formation of longer and straighter actin tails 
(probably for intercellular movement) governed by the Sca2 protein through 
an unknown pathway (185). In comparison, R. prowazekii, which has a dis-
rupted RickA gene and is unable to polymerize actin, multiplies exponential-
ly until the host cell burst, causing necrosis, and then infects new host cells.  

 

 
Figure 10. Actin tails formed by Rickettsia rickettsii, imaged by dual fluorescent 
staining. Modified image from Van Kirk et al. Infection and Immunity 2000 (186). 
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The most common complications caused by rickettsial infections are due to 
the damage and dysfunction of the vascular endothelial layer, which leads to 
vasculitis and may cause CNS complications, respiratory and multi-organ 
failure (177).  

Neurological involvement 
Many of the Rickettsia spp. have documented effects on neurological func-
tions as a consequence of infections of the CNS, such as meningitis, menin-
goencephalitis and confusion (23,187–189). In vitro experiments have 
shown a clear destruction of neuron cells’ integrity due to infection by R. 
helvetica and R. slovaca (190).   

Paralysis of a cranial nerve, for example facial nerve palsy (FNP), is a re-
sult of inflammatory swelling of the nerve, causing paralysis. The aetiology 
is often unknown, but might be brain tumours, stroke and a number of infec-
tious agents. Rickettsiosis is often not considered to be a cause of FNP, but 
some clinical cases have been documented. In India, a case of palsy of the 
third cranial nerve was reported, manifested as drooping eyelid and double 
vision caused by a Rickettsia infection, probably a SFG rickettsia (191). In 
two other cases of facial palsy, where one of the patients had one-sided hear-
ing loss, the cause was reported to be R. conorii (192). Hearing loss has also 
been occasionally reported as a complication of R. conorii and R. felis infec-
tions (193–195).  

Rickettsia helvetica 
The main vector of R. helvetica is I. ricinus, even though it has been fre-
quently reported in other tick species such as I. persulcatus, which is proba-
bly the main vector in Asia (18). R. helvetica has also been detected in I. 
hexagonus (the hedgehog tick), I. ovatus and H. flava in Japan and Derma-
centor reticulatus (196–198). On some occasions other ectoparasites like 
mites from rodents (Laelaps agilis, Haemogamasus nidi, and Hirsutiella 
zachvatkini) (199), fleas (Archaeopsylla erinacei) caught from urban hedge-
hogs in Hungary (200) and a bat flea (Nicteridopsylla eusarca) have also 
been found to be infected with R. helvetica (201). 

R. helvetica was first isolated from I. ricinus ticks collected in Switzer-
land in 1979 (202). Since then, several cases of human infection with R. 
helvetica have been reported from numerous countries in Europe – France, 
Sweden, Denmark, Slovakia, Italy (147,203–206) – and from Asia – Thai-
land and Laos (206,207) – and possibly in a traveller returning to Japan from 
Australia (208). Patients typically experience mild aneruptive fever, head-
ache, myalgia and arthralgia (203,206,207). In some cases an inoculation 
eschar, rash, cough and pulmonary symptoms, vomiting and diarrhoea, pal-
pable liver and unilateral conjunctivitis have been reported (206,207). 
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In serosurveys of healthy individuals, 9.2% of tested forest workers in 
France, forest workers in Italy and blood donors in Austria had IgG antibod-
ies against R. helvetica (203,204,209,210). These studies indicate an endem-
ic occurrence of R. helvetica in Europe that is important to be aware of, but 
we can also assume that many infections are asymptomatic, mild and self-
limiting. 

However, some case reports have found an association between R. helvet-
ica and more severe illness such as fatal perimyocarditis in two patients 
(211), pathological aortic valves (212), and a case of acute febrile illness, 
presented with bacteraemia, headache and muscle weakness followed by a 
slow recovery, lasting 7-8 months (213). Other patients have presented with 
CNS symptoms like subacute meningitis (214), meningitis as a co-infection 
with reactivated herpes simplex virus II (215) or forgetfulness and aphasia 
clinically diagnosed as fronto-temporal dementia (189).   

Rickettsia felis 
R. felis is another emerging SFGR, first characterized in 1990 (216) and 
recognized as a human pathogen in 1994 (10). R. felis is, as previously men-
tioned, not transmitted by ticks. The main vector is the cat flea, C. felis, 
however R. felis has been detected in other fleas (Echidnophaga gallinacea 
and Xenopsylla cheopis (217)), as well as in ticks (I. ovatus, H. flava and H. 
kitasatoe (196), Rhipicephalus sanguineus (218)), Mesostigmata mites 
(219), the common household pest booklouse (Liposcelis bostrychophila 
(220)) and recently in mosquitoes (Aedes albopictus (221) and Anopheles 
gambiae (222)). Despite the various findings on different potential vectors, 
the only proven vector that manages to maintain an infection of R. felis for 
generations through transovarial and transstadial transmission is the C. felis 
flea (67,223).  

R. felis has been reported all over the world, along with the distribution of 
its vector. Nonetheless, only a limited number of so-called “flea-borne spot-
ted fever” infections have been described. Around 100 human cases are doc-
umented from Africa, Asia, Europe, the Middle East, North and South 
America and probably Australia (10,25,224–231). 

The symptoms and course of the disease are very difficult to distinguish 
from other rickettsioses with fever, maculopapular rash, eschar, abdominal 
manifestations, cough and sometimes neurological symptoms (231). Some 
patients diagnosed with murine typhus, R. typhi, have been reinvestigated 
and shown to have been infected with R. felis (10,25), which could explain 
the low number of reported cases of R. felis, despite it being widely distrib-
uted around the world (231). In some cases, infections with R. felis have a 
more severe manifestation similar to hepatitis, severe respiratory insufficien-
cy (228) or subacute meningitis, which was reported in two cases from Swe-
den (141).  
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Diagnostic tools  
To diagnose rickettsioses, several aspects need to be considered: the clinical 
symptoms, epidemiological information and laboratory findings. 

Serological methods 
Usually diagnoses of Rickettsia infection are based on serological methods 
such as immunofluorescence assay (IFA) and enzyme-linked immunosorbent 
assay (ELISA). At some reference laboratories, Western blot and cross-
absorption assays are also used. Within the genus Rickettsia, many species 
cross-react serologically, which is why species definition using these meth-
ods may be difficult and time-consuming (155). Detectable antibody titres 
usually take several days to develop, and the serological methods are there-
fore more confirmative of rickettsiosis than they are useful for diagnosing 
acute illness, though such methods may be the only available option.  

The advantages of the serological methods are, for diagnostics, the easy 
and relatively non-intrusive sampling of blood and, for epidemiological in-
vestigations, the ability to estimate prevalence, rather than incidence, which 
is very useful (155,232).  

Immunofluorescent assay 
IFA is accepted as the reference method for diagnosing rickettsioses 
(18,233,234). Whole bacteria antigen is fixated onto a glass slide and incu-
bated with patient serum in dilutions. Serum is washed off and the slide in-
cubated with fluorescein-labelled anti-human antibodies, which bind the 
rickettsia-specific antibodies from the patient’s serum and make them visible 
in a fluorescence microscope. A rickettsiosis is judged as ongoing or recent 
if the antibody titre shows a fourfold increase from the acute-sera (taken day 
0-14 of illness) to the follow-up (convalescent) sera taken 2-6 weeks after 
disease onset. The cut-off titre is dependent on SFGR and can differ between 
IgG and IgM; the cut-off is usually set between 1:32 and 1:128 (233,235). 

 

              
Figure 11. IFA, fluorescein labeled antibodies binding to specific antibodies bound 
to the bacteria surface (to the left). Western blot image using fluorescently labeled 
antibodies with Amersham™ WB System (GE Healthcare) (to the right). 
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The level of antibodies can show a fourfold rise within a few days, or for 
some SFG rickettsia this can take up to seven weeks. This factor, together 
with early treatment with antibiotics which can prevent development of 
strong antibody production, makes diagnosis using serology difficult and 
sometimes impossible (235). 

IFA results are subjective evaluations which can be biased, but the visual-
ization of antibodies binding to surface antigen is an advantage (234), alt-
hough separating unspecific from specific binding is not possible using mi-
croscopic evaluation alone. The wide cross-reactivity between the SFGR 
species makes IFA too nonspecific and therefore unsuitable for distinguish-
ing between species (236), however using multiple antigens and comparing 
the titres can provide guidance in identifying which species a patient has the 
strongest reaction to (234,237,238).  

Enzyme-linked immunosorbent assay  
The ELISA method, like IFA, detects the binding of specific antibodies in a 
serum sample to an antigen. When secondary antibodies, anti-human-
antibodies conjugated with an enzyme, are bound to antibodies from a serum 
sample and subjected to a substrate, an enzymatic reaction will be measura-
ble in a positive sample (239). 

The advantages of the ELISA method are the ability to analyse large 
numbers of samples, the possibility to study antibody reactions to separate 
protein antigens and, compared to IFA, the absorbance of the enzyme reac-
tion is measured with a spectrophotometer, eliminating the subjective evalu-
ation. The ELISA was adopted early on for analysing serological reactions to 
Rickettsia spp. and has been shown to be a specific and sensitive tool (240–
242). 

Western Blot and Cross-absorption  
Western blot and cross-absorption tests are research and reference laboratory 
methods, given the need for large amounts of antigen, which requires culti-
vation of Rickettsia. With Western blot and cross-absorption, it is possible to 
distinguish between the different Rickettsia spp. When a serum, positive for 
rickettsia antibodies, is incubated with the bacteria that the antibodies are 
reactive to, they will bind to the bacteria, and after centrifugation the specific 
antibodies in the serum will be absorbed. After absorption, the serum super-
natant will show little or no reaction to the specific Rickettsia spp. (243). If 
the serum is absorbed with a cross-reacting Rickettsia sp., the antibody titre 
can decrease by partial binding, but the titre will not decrease as much as 
when the Rickettsia species causing the infection is used, which is a way to 
identify the infective agent (237,238).   

In the Western blot assay, an antibody reaction to individual proteins or 
the lipopolysaccharide (LPS) of the cell wall can be identified and useful in 
demonstrating cross-reactions within the SFGR, usually caused by LPS, 
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while the antigenic surface proteins are more species specific (244–246). 
However, Uchiyama et al. showed that the rickettsia protein OmpB causes 
production of antibodies that do cross-react between the SFG and the TG, 
which has been supported by Xu et al., who showed that the OmpB has more 
general antigenic epitopes among the SFGR compared to OmpA, which has 
more strain-specific epitopes (247,248). LPS, OmpA and OmpB are all 
strongly antigenic, though the antigenicity differs in protection ability, where 
OmpA and OmpB have vaccine-like protection in laboratory animals and 
LPS does not (246,249–251). Antibodies to the 60 kDa HSP protein have 
been detected in severe cases of R. conorii infection (252) and hyper-
immunized animals (246).  

It has been suggested that Western blot can detect antibodies to Rickettsia 
spp. earlier in the infection than the IFA test can, although the early response 
is mainly IgM antibodies directed against LPS and the unspecific reactions 
are likely to be due to LPS reactions, which are possible to identify with 
Western blot. Therefore, the benefit of earlier detection by Western blot is 
lost, because much of the early response is against LPS and hence unspecific 
(237,244,252). 

Today, Western blot is used mostly as a method to confirm serological re-
sponses to rickettsiosis, though it is reported to be more sensitive than the 
IFA (238). Thanks to the development of automatic, faster and more repro-
ducible Western blot systems that require far less antigen, for instance the 
Amersham Western blot system (GE Healthcare), Western blot may come to 
be of more importance in diagnostics.  

Weil-Felix test 
The agglutination method – Weil-Felix test – is the oldest diagnostic tool for 
rickettsial infection, described already in 1916 (253). The test is based on 
cross-reaction between two Proteus vulgaris antigens, one Proteus mirabilis 
antigen and Rickettsia spp. antibodies. The three Proteus antigens can help 
distinguish between the scrub typhus (O. tsustsugamushi – no longer a 
member of the genus Rickettsia (64)), the TG and the SFG of the family 
Rickettsiaceae, and the agglutination is suggested to be due to LPS cross-
reactivity (254–256). However, this method has both low sensitivity and low 
specificity (257), where sensitivity as low as 33% and specificity as low as 
46% have been reported (258). The method has been replaced as a diagnostic 
tool where resources are available. Unfortunately, it is the only instrument 
accessible in many low-income settings, where the burdens of rickettsioses 
and scrub typhus are among the highest (259,260).  

Molecular methods 
Molecular methods like PCR (261) are important diagnostic and research 
tools that can be performed on DNA extracts from eschar swabs, skin biop-
sies, cerebrospinal fluid (CSF) and whole blood or serum samples (189,262). 
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Using PCR-based methods followed by DNA sequencing (263,264) is the 
easiest way to differentiate between the various Rickettsia spp. and to gain 
knowledge about the genomic differences within the genus (57). For diag-
nostics and screening, the real-time PCR is quick, sensitive and specific 
(265,266). Molecular methods are also useful in “diagnosing” the vectors 
(225).  

 

        
 

Figure 12. Real-time PCR curves, using Corbett 3000, Qiagen (left image) and 
gelelectrophoreses results from nested ompB PCR-products (right image). 

However, the drawback of the method is the risk of contamination due to the 
large amounts of produced PCR-products, possibly giving false-positive 
results. Moreover, the sampling is not as easy as for serology; if infections 
present without eschar or CNS involvement, swabs, biopsies and CSF sam-
ples are not an option for diagnosis. And unfortunately, PCR on blood and 
serum has quite low sensitivity (266). 

In contrast to serology, PCR is an appropriate diagnostic tool for acute in-
fection. A sample taken early at disease onset, before development of anti-
bodies, is more likely to produce a positive result in the PCR assays. How-
ever, when antibody production has increased to detectable levels, bacteria 
are rarely found in the circulation or at inoculation sites, and if antibiotic 
treatment has been initiated, the sensitivity of PCR assays decreases for the 
same reasons (225,266). 

Cell culture isolation  
In order to confirm, without doubt, that a sample contains live Rickettsia 
bacteria, the bacteria need to be isolated and grown in cell cultures. This 
method is not used for routine diagnostics, as it is time consuming, the suc-
cess rate is low, the amount of bacteria available for inoculated is critical, 
and growth is slow. Moreover, some Rickettsia spp. like R. rickettsii, require 
biosafety level 3 laboratories for cultivation. Thus, using this method as a 
routine diagnostic tool means that biosafety laboratories need to be available 
in order to handle samples from patients who have visited areas endemic for 
the more serious Rickettsia spp. Taken together, isolation is inappropriate for 
routine diagnostics (19,267–269). However, to be able to isolate new strains, 
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study their bacteriological features and define a Rickettsia sp. as pathogenic, 
cell culture techniques are of the utmost importance (34,214). To overcome 
some of these difficulties, the shell-vial centrifugation technique has been 
adapted to isolation of Rickettsia (268). 

Rickettsia can be grown in most cells: mammalian (270,271), amphibian 
(229), insect (272,273) and tick cell lines (34,274). The Rickettsia is a fastid-
ious bacterial genus that requires cultivation in 5% CO2 and temperatures 
between 32 and 35 °C (269,275), but lower (25- R. felis depending 
on the type of cell line (229,273).  

In order to visualize the cultivated small intracellular Rickettsia, the bac-
teria need to be labelled by fluorescent antibodies or stained by the specific 
Rickettsia dye protocol: Gimenez staining. This staining method was devel-
oped in the 1960s (276) to stain Rickettsia spp. grown in yolk sack or cell 
cultures because of the bacteria’s poor Gram staining. Rickettsia ultrastruc-
ture in cell cultures can also be studied using an electron microscope 
(277,278). 

MALDI-TOF MS 
A new application for using the matrix assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) has been published by 
Yssouf et al., who were able to diagnose ticks infected with Rickettsia spp. 
using protein preparations from tick legs. The analysis identified both tick 
and rickettsia species. This enables fast identification of ticks removed from 
humans or animals, allowing a physician or veterinarian to determine wheth-
er there is a need for prophylactic treatment or prompt treatment if symp-
toms occur. With this methodological approach, screening tick populations 
in order to monitor prevalence of tick-borne infections can be performed 
more effectively then with molecular methods (279). The same approach has 
been successfully used with Borrelia-infected Argasidae ticks (280).       

Treatment 
Even though much of this thesis introduction has problematized the difficul-
ty of differentiating between the Rickettsia spp., treatment strategies are gen-
erally the same regardless of species.     

Doxycycline is the treatment of choice and effective against most rickett-
sial strains, including R. helvetica and R. felis (281–283). The recommended 
dose is 100mg twice a day for five to seven days for SFGR or until fever has 
been absent for three days. In the event of complicating conditions, such as 
meningitis, a longer treatment course is required (165,284,285). Doxycycline 
is a tetracycline antibiotic that inhibits the ribosomal protein synthesis, but is 
contraindicated in children younger than 8 years and pregnant women. The 
tetracycline group is contraindicated because it causes deposits in growing 
bones and tooth enamel, leading to growth retardation, enamel hypoplasia 
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and discoloration of children’s permanent teeth (286,287). Apart from the 
tetracyclines, the macrolides such as josamycin, clarithromycin and azithro-
mycin also show effects against Rickettsia spp. in vitro (281,288) and clini-
cal trials have found them to be suitable options for treating children with 
MSF (R. conorii) (289,290). However, a recent systematic review has called 
into question the contraindication for doxycycline, as it lacks support in the 
scientific literature. The authors’ hypothesis is that the reason doxycycline 
was considered contraindicated is because it was introduced on the market 
around the time when other tetracyclines were discovered to have the above-
mentioned side effects and the specific side effects for doxycycline were 
never evaluated (291).   

Doxycycline is also an effective antibiotic for treating the other tick-borne 
infections A. phagocytophilum and Borrelia spp. However due to doxycy-
cline’s broad spectrum nature, it is not the first choice in patients presenting 
with EM and history of tick bite, but without fever. According to recom-
mendations made by the Swedish Medical Products Agency (Läke-
medelsverket), the preferred choice for uncomplicated Lyme borreliosis is 
fenoximetylpencillin (292,293).     
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Aims 

Paper I 
The aim of Paper I was to study a possible route of transmission of Rickett-
sia spp. over large geographical areas by migratory birds as potential carriers 
of Rickettsia spp. infested ticks. The study was part of a larger project inves-
tigating a number of different vector-borne pathogens. 

Paper II 
The aim of Paper II was to examine the prevalence and distribution of Rick-
ettsia spp., Anaplasma spp. and Coxiella burnetii in ticks in a larger geo-
graphical area than previously investigated in Sweden. 

Paper III 
The aim of Paper III was to investigate evidence of seroreactivity to Rickett-
sia spp. infections in a population naturally exposed to ticks in Sweden. The 
aim was also to describe symptoms associated with rickettsiosis, and to what 
extent people are exposed to Rickettsia infections and possible co-infections 
with other tick-borne pathogens. 

Paper IV  
The aim of Paper IV was to determine whether medical conditions of mainly 
unknown aetiology, in this study Bell’s palsy and sudden deafness, could be 
explained by Rickettsia spp. infections. 

Paper V 
The aim of Paper V was to continue investigating the association between 
rickettsiosis and Bell’s palsy. Serum samples from patients diagnosed with 
facial nerve paralysis, sent for Borrelia spp. analysis, were also serologically 
analysed for presence of Rickettsial antibodies. 
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Material and methods 

Samples 

Paper I 
Ticks were collected from birds migrating from Africa to Europe during 
spring. Collection was performed at two bird observatories, one on Capri 
(Italy) and one on Antikythira (Greece) from March to May in 2009 and 
2010. A total of 14,789 migratory birds were trapped in mist nets, resulting 
in 751 collected ticks. All ticks were photographed and the photos were used 
to identify the species and stage of all ticks. The dominant species was Hy-
alomma marginatum s.l. making up 90% (n=658) of the collection, followed 
by I. frontalis (n=23). The rest were Ixodes spp., Rhipicephalus spp. and 
Haemaphysalis spp. The most common stage was nymphs (n=488), followed 
by larvae (n=198), and only 4 adult ticks were collected, all females of the I. 
frontalis species. For 44 ticks, species and/or stage were impossible to de-
termine. 

Paper II 
Questing ticks were collected between May and September 2008, at 29 dif-
ferent sites in central and southern Sweden. Ticks were collected by drag-
ging a white woollen flannel cloth over the vegetation. Ticks were kept re-
frigerated until species definition, based on morphological criteria, had been 
performed. Following species identification, the ticks were frozen °C. 
All ticks were saved separately with some exceptions; 10 ticks were ana-
lysed in 5 pools, and 13 other ticks, of which 4 were blood-fed, were collect-
ed from a domestic dog. The collected ticks have been used for another 
study as well (294), which is why only adult ticks were available for Paper 
II. In this study, 887 adult I. ricinus ticks were included: 469 females and 
418 males. 

Paper III 
Part one of Paper III was performed on serum samples collected for a pro-
spective study investigating the presence of Borrelia spp., Anaplasma spp. 
and TBE. Patients experiencing flu-like symptoms and/or EM after con-
firmed or suspected tick bite were included in the study. Three serum sam-
ples were collected from each of the 206 patients seeking medical attention 
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from May to December 2001, in south-eastern Sweden. The first sample (S1) 
was collected at the first visit to the health care centre, and the second sam-
ple (S2) was collected 6-8 weeks after the initial visit. Lyme borreliosis had 
previously been found in 186 patients, 18 patients were confirmed and 2 
were suspected to be positive for human granulocytic anaplasmosis, and 2 
cases of TBE were found (97). The third serum sample (S3) was not used in 
this study. 

The second part of Paper III included 112 patients who left serum sam-
ples for Lyme disease investigation (28 were positive) and 47 patients sam-
pled for Mycoplasma pneumoniae (11 were positive). Patient sera were col-
lected from March to April 2012 at Uppsala University Hospital. Sera from 
80 healthy blood donors were used as control material.   

Paper IV 
For Paper IV, serum samples were collected retrospectively (Study I) from 
frozen stored samples of 40 patients diagnosed with peripheral facial nerve 
palsy (FNP) involving the VII cranial nerve, also called Bell's palsy, and 30 
patients diagnosed with sudden deafness (SD). Six patients were also sam-
pled for cerebrospinal fluid when giving their first serum sample, which was 
also analysed. Samples were collected between 2009 and 2011 at Falun 
Hospital for most of the cases and some samples were collected at Uppsala 
University Hospital.  

In Study II, serum samples were collected prospectively from 57 pa-
tients; 20 showed signs of FNP and 37 experienced SD. Two serum samples 
were collected per patient, one on enrolment day and a second convalescent 
serum collected from 6-8 up to 24 weeks after the first sample. Samples 
were collected at Falun Hospital. 

Paper V 
In Paper V, 36 patients diagnosed with peripheral facial nerve palsy and with 
serum samples sent for Borrelia spp. testing to Uppsala University Hospital, 
during the first six months of 2015, were included in the study. Twenty-one 
patients were women and 15 men, between 18 and 77 years of age. Serum 
samples were retrospectively analysed and as a control group sera from 50 
healthy blood donors were used.     

DNA analysis 
DNA extraction 
Ticks 
Both tick collections for Paper I and II were used to search for a number of 
different tick-borne pathogens, both bacteria and arboviruses. 
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Ticks collected in Paper I were homogenized by Qiagen TissueLyser, and 
RNA extractions were performed by Qiagen M48 BioRobot using the Ma-
gAttract® RNA Tissue Mini 48kit. The RNA extraction was then submitted 
to cDNA synthesis by reverse transcriptase (RT)-PCR to enable multiple 
viral and bacterial analyses from the same sample extraction. 

Ticks in Paper II were homogenized in phosphate buffered saline (PBS), 
and DNA and RNA were extracted with the aid of TriPure reagent (Roche 
diagnostics) and applying a chloroform protocol for precipitation of the 
DNA (144). 

Clinical samples 
DNA extraction from CSV samples in Paper III was performed with Nu-
cliSense easyMAG extraction robot (bioMérieux, Durham, NC, USA). Sam-
ples were first centrifuged at 15,000 x g for 10 minutes, the supernatant was 
removed and the pellet or 200μl of the bottom portion of the sample was 
mixed by vortex and added to a tube of 2 ml easyMAG lysis buffer. Samples 
were incubated for 10 minutes before DNA extraction was performed.   

PCR 
Real-time PCR 
The real-time PCR targeting the citrate synthase (gltA) gene of Rickettsia 
was used as a screening method in Paper I, II and IV. The assay was adopted 
from Stenos et al. (265) by running the reactions with LightCycler® Taq-
Man® Master, addition of 55 nmol MgCl2 and LightCycler® Uracil-DNA 
glycosylase (UNG) (Roche Diagnostics, Mannheim, Germany) to avoid car-
ry-over contamination. 

In Paper II, two additional real-time PCR assays were also used, one tar-
geting the isocitrate dehydrogenase gene (icd) of C. burnetii (295) and the 
other targeting the 16S rRNA gene of Anaplasma spp. (296,297). The C. 
burnetii PCR assay was run with TaqMan® Universal PCR Master Mix. 
Because the amplified sequence of the Anaplasma spp. PCR is long enough 
to be sequenced, this assay was run without UNG, using TaqMan® Univer-
sal PCR Master Mix, No AmpErase® UNG (Applied Biosystems, Carlsbad, 
CA). 

All real-time PCR assays are based on TaqMan probes, and the reactions 
were performed in a Rotor-Gene 3000 (Qiagen, Sydney, Australia). 

Conventional PCR 
A number of conventional PCR assays targeting different rickettsial genes 
have been used to amplify genes for sequencing and species definition of 
samples positive in the gltA real-time PCR. In Paper II, a PCR targeting the 
16S of A. phagocytophilum was also used (298,299).   
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Table 1. Primers and probes for PCR assays  

Bacteria and 
target genes 

Primers and 
probes 

Nucleotide sequence (5’ to 3’) 

Rickettsia spp. CS-F TCGCAAATGTTCACGGTACTTT  
gltA CS-R TCGTGCATTTCTTTCCATTGTG 

 CS-P 6FAM-TGCAATAGCAAGAACCGTAGGCTGGATG-BBQ 
gltA(seminested)  RH314 AAACAGGTTGCTCATCATTC 

 CS-Ric-R CAGTGAACATTTGCGACGGTA 
 CSF-R AAGTACCGTGAACATTTGCGA 
 CS535d GCAATGTCTTATAAATATTC 

ompB Rc.rompB4,362p GTC AGC GTT ACT  TCT TCG ATG C 
 Rc.rompB.4,836n CCGTACTCCATCTTAGCATCAG 
 Rc.rompB4,496p CCAATGGCAGGACTTAGCTACT 
 Rc.rompB4,762n AGGCTGGCTGATACACGGAGTAA 

17kDa Rr17kDa.61p GCTCTTGCAACTTCTATGTT 
 Rr17kDa.492n CATTGTTCGTCAGGTTGGCG 

17kDa (nested) RickP3 GGAACACTTCTTGGCGGTG 
 RickP2 CATTGTCCGTCAGGTTGGCG 
 RickP5 GCATTACTTGGTTCTCAATTCGG 
 RickP4 AACCGTAATTGCCGTTATCCGG 

ompA Rr 190.70F ATGGCGAATATTTCTCCAAAA 
 Rr 190.701R GTTCCGTTAATGGCAGCATCT 

Anaplasma spp. GER3 TAGATCCTTCTTAACGGAAGGGCG 
16S GER4 AAGTGCCCGGCTTAACCCGCTGGC 

 GER probe 6FAM-CTGTCGTCAGCTCGTGTCGTGAGATGTTG-BBQ 
Coxiella burnetii icd-439F CGTTATTTTACGGGTGTGCCA 

icd icd-514R CAGAATTTTCGCGGAAAATCA 
 icd-464P 6FAM-CATATTCACCTTTTCAGGCGTTTTGACCGT-BBQ 
   
The gene coding for the 17kDa protein was amplified by a modified PCR 
(300,301), and in Paper II a nested PCR also amplifying the 17kDa gene 
(302) was used, but has later been abandoned due to lower sensitivity than 
the PCR proposed by Carl et al. (300). 

Amplification of the approximately 632 bp part of the ompA gene was ad-
justed, based on the work of Roux et al. (303), by increasing the number of 
amplification cycles to 45 and doubling the annealing time.    

Amplification of the ompB gene, was performed by nested PCR, but often 
the first PCR was sufficient, without the need to nest the PCR-product (304). 

To create a semi-nested PCR amplifying 852 bp of the gltA gene, the pri-
mer CS-Ric-R was added together with the forward primer RH314 (143); in 
the second PCR, the primer CSF-R was run together with RH314 under the 
same conditions as in the first PCR; a 3-minute denaturation step at 94°C 
followed by 35 cycles of 1-minute denaturation at 94°C, annealing for 1 
minute at 60°C, elongation for 1 minute at 72°C with a final elongation at 
72°C for 10 minutes. This assay is not as sensitive as the other PCR assays, 
but the long fragment is very useful for species definition, because the PCR 
targets a variable interdomain of this quite conserved gene, and it is especial-
ly useful if the species is suspected to be R. helvetica. Since R. helvetica has 
so far never had the ompA gene amplified by any published PCR, a long gltA 
sequence is especially usfull for species differentiation (34,57). 
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All reactions were prepared with 5μl DNA template in a total reaction vol-
ume of 25μl. For preparation of master mix, the Taq PCR Core kit (Qiagen, 
Hilden, Germany) was used. All PCR assays, except the semi-nested gltA 
and the nested 16S PCR, were run with the Coral load buffer.    

Gel electrophoreses 
All conventional and nested PCR products were visualized by gel electro-
phoresis on a 1% agarose gel stained with ethidium bromide in Paper I (year 
one), II and IV and with Gel Red™ (Biotium) in Paper I (year two). PCR 
products were visualized by UV-light and compared to a DNA molecular 
weight marker GeneRular™ Express DNA ladder (Thermo Scientific™). 

Controls 
For all PCR assays, DEPC or PCR-grade water was used as negative con-
trols. 

The positive control for the Rickettsia spp. real-time PCR was a plasmid 
constructed by cloning the 74-bp sequence into a pCR4-TOPO-TA vector 
used as a standard control (Invitrogen). 

For the Anaplasma spp. real-time PCR, a plasmid was also used as a posi-
tive control (296), kindly provided by Anna Aspan, Swedish Veterinary In-
stitute, and for the C. burnetii real-time PCR, purified DNA was used as a 
standard control (Vircell, Granada, Spain). 

The positive control for the nested 16S PCR, amplifying Anaplasma spp. 
(Paper II), was extracted DNA from A. phagocytophilum, kindly provided 
by Zoonotic Ecology and Epidemiology Section, Kalmar University (Kalmar 
Sweden). The positive control for the ompA PCR was DNA from R. conorii 
(AmpliRun® RICKETTSIA CONORII DNA CONTROL, Vircell). For all 
other conventional PCR assays, extracted R. helvetica DNA from a domestic 
I. ricinus tick (143) was used in adjusted dilution. 

Sequencing 
PCR products were sequenced using Sanger sequencing. For samples from 
year one in Paper I and most samples in Paper II, sequencing was per-
formed with BigDye® Terminator v 3.1 Cycle Sequencing kit in an ABI 
3130 instrument (Applied Biosystems). Some sequences in Paper II were 
sent for sequencing to Uppsala Genome Centre (Science for Life Laboratory, 
Dept. of Immunology, Genetics and Pathology, Uppsala University, Rud-
beck Laboratory, Sweden). In Paper I, the second year, samples were sent 
for sequencing to Macrogen Inc. (Macrogen Europe, Amsterdam, Nether-
lands).  

For all PCR assays, the same set of primers was used for sequencing of 
the products, with the addition of one sequencing primer for the semi-nested 
gltA PCR (57). 
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Before sequencing, all PCR products were cleansed from excess nucleotides 
using Exonuclease I and FastAP™ Thermosensitive Alkaline Phosphatase 
(Thermo Scientific™).    

For analysis and sequence alignments, DNA Baser version 2.80.0 (Hera-
cle Software, Lilienthal, Germany) and BioEdit Sequence Alignment Editor 
Version 7.0.5.3 (Ibis Therapeutics, Carlsbad, CA) were used. The Basic Lo-
cal Alignment Search Tool (BLAST) was useful in species identification and 
examination of similarities and differences between sequences. New se-
quences (Paper I) have been submitted to the US National Center for Bio-
technology Information (NCBI; www.ncbi.nlm.nih.gov). 

Serological methods 
Antigen 
Antigen for the two serological methods used was prepared in the same way, 
but modified according to the methodology used. Vero cells (ATCC33) were 
cultivated in cell flasks to confluent growth with either Eagle’s minimum 
essential medium (EMEM) or Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with foetal bovine serum (FBS) and L-glutamine. 
When the cell layer was confluent, the cultures were infected with R. helvet-
ica previously isolated from a domestic I. ricinus tick (17); the cell flasks 
were then centrifuged to facilitate adhesion of the bacteria to the cells. In-
fected cultures were incubated at 32ºC and in 5-10% CO2 for approximately 
1-2 weeks. When larger amounts of bacteria could be observed in the micro-
scope, after staining with Gimenez or immunofluorescence, the cultures 
were harvested. 

Immunofluorescence assay (IFA) 
IFA was used in Paper III, IV and V. Antigen consisting of a mixture of in-
fected Vero cells and free bacteria were prepared with the addition of forma-
lin for inactivation of bacteria and 10% yolk sac solution for better attach-
ment to microscope slides. A small drop of antigen per microscope slide well 
was applied, slides were then air dried and fixed in acetone for 15 minutes, 
thereafter dried at room temperature. Prepared slides were kept in a refriger-
ator or at room temperature prior to use. 

Serum samples were diluted in PBS, in a series of 1:64, 1:128 and 1:256. 
Diluted sera were added to the wells, wherein the droplet covered the fixed 
antigen, then incubated in a humid chamber at 37ºC for 30 minutes. Slides 
were washed in PBS 3 x 10 minutes and then incubated 30 minutes with a 
fluorescein isothiocyanate (FITC)-conjugate - and μ-chain specific polyclo-
nal rabbit anti-human antibody (Dako, Glostrup, Denmark) for either IgG or 
IgM detection, in a solution with Evan’s blue. 
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To detect IgM antibodies, sera were first pre-treated with rheumatoid fac-
tor adsorbent IgG/RF STRIPPER (The Binding Site Group Ltd, Birming-
ham, UK). The rheumatoid adsorbent is a monoclonal anti-human IgG anti-
body which binds and creates immune complexes with IgG antibodies in the 
sera. This allows the complex to be centrifuged into a pellet and leave the 
IgM antibodies in the supernatant for analysis. The pre-treatment is essential 
for the validity of IgM analysis due to IgG antibodies higher specificity to 
antigens, which can hinder IgM from binding the antigen and create a false-
negative result. Serum without pre-treatment can also cause a false-positive 
IgM result if the serum comes from a person that produces rheumatoid factor 
autoantibodies. These autoantibodies are usually of IgM type and can bind 
IgG into complexes, the complex bound IgG can then bind to antigens but 
still be detected as IgM by secondary antibodies, due to the autoantibody, 
hence the false-positive result.   

Western Blot 
The Western blot technique was used in Paper III, IV and V and performed 
with XCell SureLock™ Mini-Cell Electrophoresis System and Novex® 
(Invitrogen) in Paper III and IV, and with Amersham™ WB System (GE 
Healthcare) in Paper V. All proteins were analysed denatured. 

For Paper III a part of the OmpB protein was expressed and used as an 
antigen, and in Paper IV and V whole cell R. helvetica was used as an anti-
gen.   

The presence of specific IgG antibodies to R. helvetica was illuminated 
using a horseradish peroxidise (HRP) labelled goat anti-human IgG second-
ary antibody (Bio-RAD, Goat-anti-Human, cat no. 172-1033) when using 
the XCell SureLock™ system. In Paper V, using the Amersham™ WB Sys-
tem, the detection is based on fluorescence. Anti-human antibodies, labelled 
with Cy3, against IgG and IgM (Rockland Inc., cat no. 609-142-123 and 
609-142-007) were used. The protocol also included fluorescent labelling of 
the proteins with Cy5 so that an overlay image of both labelled protein and 
antibody labelling of specific antibody reactions could be viewed and quanti-
fied.  

In Paper IV, the Western blot result was strengthened by demonstrating 
antibody absorption of positive sera to confirm specific binding. Patient se-
rum samples were mixed with a concentrated Vero cell derived whole cell R. 
helvetica antigen suspension and allowed to incubate for 5.5 hours at 37°C 
while shaking, then at 4°C overnight, to assure antibody binding to the bac-
teria. Antibody-bound bacteria were then centrifuged into a pellet, and the 
serum of the supernatant was used as a primary antibody for blotting. Com-
parison between the reactions of absorbed and non-absorbed sera in a dilu-
tion series were used to evaluate whether the antibody binding was specific. 
Specific binding could be seen when the signals from absorbed sera faded 
out at a much lower dilution than the untreated matched sera.    
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Controls 
In Paper III, one patient serum with proven end-point titre of 1:80 for IgG 
and 1:160 for IgM, respectively, to R. helvetica and one patient serum with 
confirmed R. conorii antibody titre of 1:160 for IgG, provided by the Swe-
dish Institute for Infectious Disease Control, were used as positive IFA con-
trols. In Paper IV, one patient serum with the confirmed end-point titre 
1:512 for IgG and 1:128 for IgM was used. As a negative control, a human 
blood donor serum was used. And in Paper V, one patient serum with end-
point titre 1:128 for IgG and 1:256 for IgM was used as a positive control 
and a human blood donor serum was used as negative control for both IgG 
and IgM.  

As reference samples, in Paper III, 80 blood donors were tested for both 
IgG and IgM antibodies, and in Paper V another 50 blood donors were used 
as control material.  

In the Western blot trials in Paper III and IV, the positive control was a 
serum from a rabbit repeatedly immunized with purified R. helvetica. As the 
negative control, the secondary antibody was used alone. In Paper V, the 
same positive control serum as for IFA was used for both IgG and IgM. The 
negative control for IgG analysis was a negative patient serum and for IgM a 
blood donor serum was used.   
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Results and discussion 

Migrating birds as carriers of ticks infected with 
Rickettsia species over large geographical distances  
In total 751 ticks were collected and 734 ticks were analysed for Rickettsia 
spp., of which 387 were positive as indicated by real-time PCR. For 353±1 
PCR-positive ticks, one or several genes were possible to amplify and se-
quence to define the identity of the Rickettsia spp. Of the 14,789 collected 
birds, only 398 (2.7%) were tick infested, but the infection rate was high 
with 48% of all ticks carrying a Rickettsia sp. Most ticks were infected with 
R. aeschlimannii, where 318±1 were confirmed and 20 were probable cases. 
Six samples were confirmed as R. africae and two were judged to be proba-
ble cases. For seven samples, rickettsial DNA was amplified but it was not 
possible to confirm species identity, however one tick was suspected to be 
infected with R. monacensis. 

For R. aeschlimannii sequence variations were found, compared to al-
ready published sequences, and annotated for the ompB gene [GenBank: 
KF646134] and two variations of the 17kDa-coding gene [GenBank: 
KF646135 and KF646136]. For the six ticks identified as carrying R. afri-
cae, the 17kDa- gene was found to be identical to Rickettsia sp. HymargI-
TA12 [AJ781419]. Because our samples had 100% similarity to the se-
quenced parts of ompB, ompA and gltA, the 17kDa sequence was annotated 
as R. africae [GenBank: KF616137]. Because the ompB sequences for R. 
aeschlimannii were different from previously published sequences, but were 
identical in both collection years, this could indicate that birds winter in the 
same geographical areas and fly the same route at spring migration, every 
year. 

The number of ticks per infested bird varied from one to twenty, for some 
birds infested with multiple ticks all ticks were infected with the same Rick-
ettsia sp., but it was just as common for the ticks to be infected with different 
species or be both infected and uninfected. Thus, these findings do not sup-
port the hypothesis that birds are reservoirs for Rickettsia spp.; on the other 
hand the hypothesis cannot be refuted based on these results.  

There was no great difference between the two collection years, 2009 and 
2010, except that R. africae was only detected in samples from 2010. The 
similarity between the years indicates that this is the normal rate with which 
ticks are transported with migrating birds. Even if the number of tick-
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infested birds is small, the total migrating bird population consist of billions 
of birds, making 2.7% a significant number. It seems that migrating birds 
can be an important part of the dissemination of ticks and their rickettsiae 
into new geographical areas.  The H. marginatum s.l. complex is both pre-
sent in Africa and around the Mediterranean part of Europe, which represent 
areas where R. aeschlimannii is endemic. R. aeschlimannii and R. africae are 
reported from the same countries of Africa, with more frequently reported 
findings of the earlier discovered R. africae. Recently a H. marginatum was 
found harbouring R. africae in Sicily, which would seem to be a natural hab-
itat for R. africae (128). This means there is a need for preparedness for new 
emerging infections not previously reported in Europe, and explains the im-
portance of keeping monitoring of tick-borne pathogens up to date.   

The tick material was analysed for a number of different pathogens: Bor-
relia burgdorferi s.l., West Nile Virus (305), Bartonella spp. (306) and Cri-
mean-Congo hemorrhagic fever virus (307). Findings on co-infections will 
be published separately. 

 

 
Figure 13. Left figure illustrate the reported distribution of the ticks, Hyalomma 
marginatum (green) and Hyalomma rufipes (red). Right image illustrates breeding 
(green) and wintering area (light brown) for Great reed warbler (Acrocephalus arun-
dinaceus). The two collection sites Capri (C) and Antikythira (A) is marked on each 
map. Maps from Paper I. 
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Prevalence of Rickettsia spp. and Anaplasma spp. in 
Ixodes ricinus ticks in Sweden 
Questing I. ricinus in central and southern Sweden are carriers of R. helvet-
ica and A. phagocytophilum. In 9.5-9.6% (85-86/887) of ticks, Rickettsia 
spp. were detected by real-time PCR. For 40 ticks (4.5%), sequencing was 
possible and 39 resulted in 100% similarity to R. helvetica. One of the male 
ticks collected from a domestic dog had a different sequencing result; the 
ompB gene was most closely related to the cluster including R. parkerii, R. 
conorii, R. slovaca and R. sibirica. The gltA gene showed 96.8% similarity 
with R. helvetica and was 100% identical to R. sibirica. The match with R. 
sibirica is debatable, as it has not previously been found in any Ixodes spe-
cies, but in Haemaphysalis and Dermacentor ticks. What can be concluded 
is that the rickettsia found in this particular tick is not a R. helvetica, but it is 
impossible to say whether R. sibirica in Ixodes ticks is an isolated finding or 
established in Sweden.  

Previous studies have reported a prevalence of R. helvetica between 1.5-
17.3% in a pooled material representing 1245 I. ricinus ticks (144), and in an 
earlier study 1.7% of ticks were found to be positive for R. helvetica (11). In 
a limited study of 125 ticks pooled in 82 samples, the prevalence ranged 
from 16.8% to 36.8% for R. helvetica (143), the lower prevalence in the 
range being closer to our present finding. 

Anaplasma spp. were found in six of the 815 investigated ticks, half of 
them were collected at Stenö, which represents the largest collection site. 
None of the samples were possible to amplify with the nested 16S PCR, but 
the real-time PCR product was long enough, and four of the samples were 
sequenced for evaluation of species identity. They all shared 100% similarity 
to A. phagocytophilum, but the sequenced product was only 102 bp, which is 
not reliable enough to confirm species identity, however, the result coincides 
with other studies from the area (144). 

No C. burnetii could be detected in the 786 tick samples available for 
analysis.   

Ticks in this study were mainly collected in central Sweden, with the ex-
ception of the four southern-most collection points where 15 ticks were 
gathered, all of which were negative for all three investigated bacterial gene-
ra. However, the area in which infected ticks were found is quite large and 
together with previous findings of R. helvetica from these areas (11,144), 
this establishes that R. helvetica is an endemic infection in Sweden. The 
prevalence of Anaplasma spp. was lower than previously reported (1.3-15%) 
in pooled samples. In the study by Severinsson et al. A. phagocytophilum 
was only found in nymphs and not in larvae or adult I. ricinus ticks, however 
the study only included 78 adult ticks, which could explain the negative find-
ing (144). 
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Figure 14. Sites where ticks infested with Rickettsia spp. and/or Anaplasma spp. 
were collected. Figure from Paper II.   

Seroreactivity for spotted fever rickettsia and co-
infections with other tick-borne agents among tick 
exposed people in central and southern Sweden 
In Study I of Paper III, 20 of the investigated 206 patients showed seroreac-
tivity to Rickettsia spp. with IgG and/or IgM antibodies equal to or above the 
cut-off titre of 1:64. Seven patients had a fourfold rise in IgG and were 
judged as having a recent or current infection. Thirteen patients had serum 
titres indicating past or probable infection. For 19 patients, access to medical 
records was possible showing that 11 patients had a seroreactivity to Borre-
lia spp., six were seroreactive to Anaplasma sp. and five were seroreactive to 
all three agents. For three patients with seroconversion, WB was performed 
and showed specific IgG-binding to the expressed part of the OmpB protein 
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of R. helvetica. Common symptoms reported were fever, chills, rash, head-
ache, muscle pain and cough.   

In Study II, 16 of the 159 patient sera analysed displayed seroreactivity 
to Rickettsia spp. Eleven of the patients were originally tested for Borrelia 
spp. and four of them had serum titres corresponding to present or recent 
infection. Among the patients primarily investigated for M. pneumoniae, five 
had antibody titres against Rickettsia spp., one of which indicated present or 
recent infection. Regarding patients tested in Study II, only one serum for 
each patient was available, which is why it was not possible to draw any 
serological conclusions concerning the infectious phase in relation to the 
previous exposure to Rickettsia. Most common symptoms were cough and 
joint pain, followed by rash, myalgia and abdominal discomfort reported for 
two patients.     

Among the 80 healthy blood donors, one showed seroreactivity to IgG 
and IgM antibodies, regarded as a past infection. Three other blood donors 
had IgM titres, probably a result of non-specific reactivity or previous expo-
sure.    

An important finding in this paper is that, in Study I, EM was found in 
patients who were serologically positive for Rickettsia spp., had a co-
infection with Rickettsia sp. and Borrelia sp. or Rickettsia sp. and Anaplas-
ma sp. EM was observed in patients with co-infection with all three patho-
gens and absence of EM in patients with serologic findings suggesting co- 

 
Figure 15. Schematic illustration of 18 of the 19 patients seroreactive to Rickettsia 
spp., with a complete medical record, included in Study I. Of the 18 patients, 15 had 
erythema migrans, six of them only displayed antibodies against Ricksettsia spp. In 
total 11 patients were seroreactive to Borrelia spp., eight with erythema migrans of 
which five had a co-infection with Rickettsia spp. and three had a triple infection 
also including Anaplasma spp. When including the two probable cases of anaplas-
mosis we found one co-infection with Rickettsia spp. with erythema migrans and 
two triple-infections without erythema migrans. Patient number nineteen, excluded 
from the image, only had antibodies to Rickettsia spp. and no erythema migrans. 
Broken line = EM, thick continues line =Anaplasma positive, dotted line = Borrelia 
positive.     

 49 



infection with all three agents. Six patients, where only serological evidence 
of infection with Rickettsia spp. was found, presented EM, which could be 
due to a very low titre or lack of production of anti-Borrelia antibodies. The 
finding is solely based on 19 cases and needs further investigation, but indi-
cates that caution is desirable in the interpretation of EM. It may not be ob-
vious that EM should only be regarded as a hallmark of Lyme borreliosis.  

From Study II of the paper, a comment on the indication of cough or res-
piratory symptoms as a relatively common symptom is needed, as this could 
be due to pulmonary vasculitis caused by Rickettsia spp.    

In total for Paper III, most of the antibody titres found to Rickettsia spp. 
represented probable or past infections, and the symptoms for patients bitten 
by ticks are very general and hard to use to distinguish between infectious 
causes, even when result of seroreactivity is known. 

Bell’s palsy and sudden deafness may be associated 
with rickettsiosis in some patients  
In the retrospective Study I in Paper IV, three of the 70 patients with FNP or 
SD had a fourfold increase in IgG antibodies between acute and convales-
cent sera, which confirms recent or present infection with Rickettsia spp. 

e-
rum, indicating current or recent infection. Most patients lacked a convales-
cent serum, which makes the analysis complicated and more speculative. In 
the FNP group, 21 out of 40 patients, and 16/30 with the SD diagnosis, dis-
played seroreactivity indicating early reaction to or past infection or possibly 
cross-reactivity to some other agent. CSF from six patients were analysed for 
rickettsial DNA, and in three of those samples (two with FNP and one with 
SD) DNA were amplified and subsequently sequenced for the 17kDa-coding 
gene, matching 100% to R. felis. Only one of the 70 patients, diagnosed with 
FNP, was co-infected with Borrelia spp.      

In the prospective Study II, two out of 20 patients diagnosed with FNP 
and eight out of 37 patients diagnosed with SD had a fourfold increase in 
IgG antibodies between their acute and convalescent serum, confirming re-
cent or current Rickettsia spp. infection. As in Study I, only one of the pa-
tients had antibodies against Borrelia spp.    

Western blot results for four of the seropositive patients showed specific 
binding of antibodies to whole cell R. helvetica in a 1:500 dilution. For one 
serum with high antibody titre, reactions were detected at a dilution of up to 
1:1200, but absent in dilution 1:600 after absorption with whole cell R. hel-
vetica. 

For the 36 patients diagnosed with FNP in Paper V, no convalescent sera 
were available. Still three samples (8.3%) showed seroreactivity indicating 
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recent or ongoing infection by Rickettsia spp., with IgG titres of at least 
1:128. Six patients (16.7%) had IgM antibody titres of at least 1:128. Four 
patients were confirmed positive for a recent or ongoing Borrelia sp. infec-
tion, two of these had a co-infection with Rickettsia sp. Western blot analysis 
with serum dilutions of 1:200 confirmed 27 of the 36 IFA results, regarding 
IgG and 29 out of 36 regarding IgM, the correlation was 100% for samples 
judged as indicating recent or current infection in IFA, for both IgG and 
IgM.  

The control material of blood donor sera showed low titre of seroreactivi-
ty, at most 1:64, for 3/50 (6%) samples. 
 

 
Figure 16. Western blot results from Paper V. Patient 1, 32 and 33 were positive for 
IgG antibodies, reacting with a protein band in the 110-150 kDa size and the LPS. 
Patient 3, 8, 10, 16, 20 and 22 were positive for IgM antibodies, reacting with the 
same antigen as for IgG. To the right is a negative human sera N(h), one positive 
human sera, P(h), and one positive rabbit sera P(r). The last lane is the molecular 
weight marker. Sera were analysed in dilution 1:200.   
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Concluding remarks 

The papers included in the present thesis have contributed to the growing 
body of evidence pointing towards the importance of understanding the dis-
persal of ticks and their tick-borne infections as a consequence of their feed-
ing on migrating birds, which transport ticks over large geographical areas. 
The challenge is now to estimate what conditions are required for ticks and 
their pathogens to establish in new areas.  

H. marginatum ticks are endemic to both Africa and southern Europe, and 
the tick-borne infections they bring have a high likelihood of being estab-
lished when they are transported between the two continents. One of the 
ticks analysed in Paper I contained Crimean-Congo haemorrhagic fever 
virus, endemic to Africa as well as southern Europe (307). 

The second paper contributes a more accurate estimate of the prevalence of 
R. helvetica in Swedish ticks by analysing bacteria in single ticks instead of 
pooled samples. The area where ticks were collected was also more exten-
sive than in previous studies (143,144). Having good estimates of the preva-
lence and/or incidence of an infection is important for the ability to evaluate 
and detect changes such as increases, decreases and spread into new areas or 
when other species occur. In the present study, the prevalence of R. helvetica 
was 9.5-9.6% in a relatively large population of ticks collected over a large 
area in primarily central Sweden. The prevalence of TBE in Sweden is con-
centrated to “hot spots” ranging from 0.23-4.48%, and the B. burgdorferi s.l. 
prevalence is as high as 26% (294,308). 

One tick collected contained a rickettsia similar to R. sibirica, clearly dif-
ferent from the endemic R. helvetica. How it came to feed on a dog in Swe-
den is unclear. Is it possible that the tick came with a migrating bird, had the 
dog been abroad or is the Rickettsia sp. endemic but previously undetected? 
It is probable that there will be new Rickettsia spp. in Sweden eventually, 
possibly R. monacensis, which has I. ricinus as a vector and has been found 
on migrating birds at a bird observatory in Sweden as well as one isolated 
finding in Estonia (150,151)  

Compared to the first two papers, Paper III through V have a more clinical 
approach. In Paper III we found indications that erythema migrans, the 
hallmark of Lyme borreliosis, may be associated with other tick-born infec-
tions, Anaplasma spp. and Rickettsia spp. in a tick-exposed population. 

 52 



There are a few reports of erythema migrans in rickettsiosis, one of them 
describes a co-infection with Borrelia burgdorferi s.l. and R. monacensis 
that caused EM in a patient in Germany (157,309). Paper III provides proof 
of the error of judging all EM as single infections caused by B. burgdorferi 
s.l., and it needs to be challenged further. When a patient seeks health care 
after confirmed or suspected tick-bite with EM and treatment is prescribed 
based on clinical evaluation, without laboratory tests, treatment targeting 
Borrelia spp. only may not be correct. Doxycycline is effective against Ana-
plasma spp., Borrelia spp. and Rickettsia spp. and, as suggested by Nordberg 
et al., may be a more pragmatic treatment choice in patients presenting with 
EM (97). 

The occurrence of co-infections is also evident and needs more attention 
in studies of tick-borne infections. More studies like the one by Fryland et al. 
(310), who estimated the risk of developing Lyme borreliosis from a tick bite 
by infested ticks to be relatively low (6%), would benefit tick-bitten patients 
and improve our general understanding of tick-transmitted infections in 
Sweden.  

In Paper IV, 10-20% of patients with FNP and 10-24% of patients with SD 
had serological markers for, and in three cases DNA evidence of, Rickettsia 
infection, where sequencing of the amplified products showed R. felis. In 
Paper V 8.3-25% of FNP patients had serological markers for rickettsiosis, 
8.3% if only IgG is evaluated as specific and 25% if both IgG and IgM are 
judged as specific. In comparison with Paper III, which focused on patients 
with tick bites, these findings may be an indication of a difference in the 
clinical picture between the endemic R. helvetica and the less often de-
scribed R. felis. 

Of the 70% of patients with facial nerve palsy, or Bell’s palsy, of un-
known aetiology, a certain proportion could be attributed to rickettsiosis, 
according to our findings in Paper IV and V.   
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Sammanfattning på svenska 

Fästingar finns spridda över alla världens kontinenter, förutom Antarktis. En 
del fästingarter specialiserar sig på att suga blod från särskilda djurarter, de 
så kallade värddjuren, men många fästingarter kan bita vitt skilda djurslag, 
från ödlor och fåglar till rådjur och människor.  

Bland de mest kända infektionerna som fästingar sprider i Sverige finns 
bakterien borrelia och tick-borne encephalitis (TBE) viruset, för hund- och 
hästägare är även Anaplasma spp. ofta bekant.  

Den här avhandlingen fokuserar på ytterligare en bakterie som sprids av 
fästingar, nämligen Rickettsia spp. Enligt tidigare studier och Artikel II i 
avhandlingen är förekomsten av Rickettsia. minst lika vanlig i svenska fäs-
tingar som Borrelia spp. och TBE. Hur stor risken är att bli sjuk av ett bett 
från en infekterad fästing är däremot okänt för Rickettsia spp. Den art av 
rickettsia som sedan tidigare har visat sig vara endemisk i Sverige är Rickett-
sia helvetica, totalt finns ca 30 olika rickettsiaarter. Inga andra fästingburna 
rickettsior har hittats, men ett antal infektioner hos patienter infekterade med 
den loppburna R. felis har dokumenterats. De flesta rickettsiainfektioner har 
ett relativt milt förlopp, med influensaliknande symptom, så som feber, hu-
vudvärk och ledsmärta. I vissa fall får patienterna utslag och ett utstansat sår 
i huden efter fästingbettet, ett eschar. Några arter av rickettsia är förknippade 
med allvarligare sjukdom så som Rocky Mountain spotted fever och epide-
misk tyfus. I vissa fall ger även de andra arterna allvarliga sjukdomstillstånd, 
så som meningit.     

I Artikel I redovisas en trolig spridningsväg av fästingburna infektioner. 
Fästingar som parasiterar flyttfåglar och följer med fåglarna under deras 
långa flygningar mellan kontinenter, tar även med sig sina patogener till nya 
områden. I studien fångades nästan 15 000 flyttfåglar under våren 2009 och 
2010, vid två ringmärkningsstationer, på Capri (Italien) och i Antikythira 
(Grekland). Från fåglarna plockades 734 fästingar som kunde analyseras för 
förekomst av Rickettsia spp. De flesta fästingar tillhörde arten Hyalomma 
marginatum sensu lato, de andra arterna var bland andra Ixodes frontalis och 
H. rufipes. De vanligaste utvecklingsstadierna hos fästingarna var larv och 
nymf. Endast 4 adulta fästingar hittades. Nästan hälften (48 %) av fästingar-
na var infekterade med Rickettsia spp. varav 96 % bar på arten R. aeschli-
mannii som är endemisk i Afrika och södra Europa. Den fågel som bar på 
flest fästingar per individ var den Rödhuvade törnskatan (Lanius senator).  
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Att fästingar och deras patogener transporteras med flyttfåglar är sedan 
länge känt, men vilken betydelse denna förflyttning har för att nya patogener 
ska etablera sig i ett område är ännu inte känt. Resultaten från denna studie 
bidrar till den ökade kunskapen om fästingar i förhållande till migrerande 
fåglar men fler studier med andra angreppsvinklar behövs för att besvara 
frågan om förflyttning av fästingar via flyttfåglar leder till spridning av fäs-
tingburna infektioner.   

Artikel II genomfördes med målet att uppskatta förekomsten av Rickettsia 
spp., Anaplasma spp. och Coxiella burnetii i fästingar i Sverige. Till skillnad 
från tidigare studier så analyserades de insamlade fästingarna enskilt, vilket 
ger en bättre uppskattning av prevalensen. Av de 887 Ixodes ricinus fästing-
arna var 9.5–9.6% (84-85st) positiva för Rickettsia spp. och av de 815 prover 
som fanns kvar för analys av Anaplasma spp. förekomst var 0.7% (6st) posi-
tiva. Ingen fästing kunde bekräftas positiv för C. burnetii, bakterien som ger 
upphov till Q-feber. Av de fästingar som var infekterade med Rickettsia spp. 
och där artbestämning av rickettsia gick att göra, var majoriteten infekterade 
med R. helvetica. En fästinghane som plockats från en hund var infekterad 
med en helt annat fästing-buren rickettsia, mycket likt Rickettsia sibirica, 
vilket aldrig tidigare hittats i Sverige. Om detta fynd är en isolerad händelse 
eller en tidigare oupptäckt art är oklart och vi behöver vara öppna för att nya 
arter av rickettsia redan förekommer eller kommer att förekomma i fästingar 
och andra vektorer i Sverige.   

I Artikel III undersöktes symptom hos personer som sökt vård efter ett ob-
serverat eller misstänkt fästingbett. Det visade sig att symptombilden som 
ofta bestod av utslag, ledvärk, huvudvärk, hosta, muskelvärk och feber inte 
kunde hjälpa till att avgöra vilken fästingburen infektion som patienterna 
visade seroreaktivitet mot. Av de 36 patienter som hade en trolig eller miss-
tänkt rickettsiainfektion hade 18 en dubbel och fem av dem en trippelinfekt-
ion med rickettsia, borrelia och/eller anaplasma. Studien visade också att det 
typiska utslaget, så kallat ”bullseye” eller erythema migrans, som ofta anses 
vara synonymt med borrelia också fanns hos de patienter som bara visade 
seroreaktivitet mot rickettsia eller både rickettsia och anaplasma, men utan 
laborativa indikationer på borreliainfektion. 

I Artikel IV och V undersöktes sambandet mellan antikroppar mot rickett-
sia hos personer som drabbats av plötslig dövhet eller ensidig ansiktsförlam-
ning (Bells pares). Båda tillstånden kan ha många olika förklaringar. An-
siktsförlamning förknippas i vissa fall med borreliainfektion, men båda till-
stånden saknar ofta en klarlagd orsak. Hos 10-24% av patienterna med plöts-
lig dövhet hittades serumnivåer av antikroppar mot rickettsia som motsvarar 
en nyligen genomgången eller pågående infektion. Hos patienter med an-
siktsförlamning var motsvarande siffra 10-20 % i Artikel IV. I Artikel V in-
kluderades bara patienter med ensidig ansiktsförlamning och mellan 8,3 och 
25 % av patienterna visade antikroppsreaktivitet mot rickettsia. Hos en pati-
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ent med plötslig dövhet och två patienter med ensidig ansiktsförlamning 
hittades R. felis i ryggmärgsvätskan.  
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