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27 Abstract

28 Rickettsia helvetica is a tick-borne pathogen that may cause severe human disease. Knowledge of its 

29 distribution in Norway, where Ixodes ricinus reaches its northern limit, is very sparse. It was detected 

30 only recently in Norway, but it is prevalent and widely distributed in I. ricinus ticks in the neighboring 

31 countries Sweden and Denmark. In this study 2396 questing adult, nymphal and larval I. ricinus ticks 

32 were collected from two counties in Norway and analyzed for the presence of R. helvetica using a 

33 specific real-time PCR targeting the citrate synthase gene gltA. A further 495 nymphal I. ricinus from 

34 a third county was analyzed for Rickettsia spp. using a different method that is not species-specific. 

35 The overall prevalence was 1.6 %. Local variations were observed, but prevalence was < 5 % at all 

36 locations. 

37

38 Keywords: pyrosequencing; real-time PCR; sequencing; tick-borne pathogens

39

40 Introduction

41 Rickettsia helvetica is an emerging tick-borne pathogen mainly transmitted by Ixodes ricinus (Portillo 

42 et al., 2015). The bacterium was detected as early as 1979 in Switzerland, and it was confirmed to be 

43 a new member of the spotted fever group Rickettsiae (SFGR) in 1993 (Beati et al., 1993). Since its 

44 discovery, R. helvetica has been detected in many parts of Europe, including Scandinavia (Nilsson et 

45 al., 1997, Nielsen et al., 2004, Oteo and Portillo, 2012), and in other parts of the world, including 

46 Russia, South Africa and Thailand (Aung et al., 2014, Kartashov et al., 2017, Essbauer et al., 2018). 

47 Despite its widespread distribution, relatively few human cases have been reported. R. helvetica 

48 infections are primarily considered mild and self-limiting with un-specific symptoms such as fever, 

49 headache, myalgia or rash (Oteo and Portillo, 2012, Lindblom et al., 2016). However, the bacteria 

50 have also been isolated from cerebrospinal fluid of patients with meningitis of uncertain aetiology, 

51 and two cases of sudden cardiac death with perimyocarditis related to R. helvetica infection were 

52 reported in Sweden in 1999 (Nilsson et al., 1999, Nilsson et al., 2010). 
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53

54 The reported infection prevalence in host-seeking I. ricinus in Europe is typically below 20 %, but 

55 varies from 1 % to 66 % (Sprong et al., 2009, Oteo and Portillo, 2012). The reasons for these striking 

56 differences in prevalence in various locations is still unknown, but may be due to a combination of 

57 biotic factors such as reservoir capacity of the local tick host animals, and abiotic factors such as local 

58 climatic conditions, and further studies are necessary to elucidate the ecological cycle of the 

59 pathogen. R. helvetica was recently detected in Norway, though a very low prevalence was reported: 

60 2/600 (0.3 %) adult I. ricinus ticks was infected (Quarsten et al., 2015). However, further studies are 

61 necessary to describe the true infection prevalence in ticks in Norway. In the present study we 

62 investigated the prevalence of R. helvetica in 2891 I. ricinus ticks collected from 14 sites in southern 

63 Norway.

64

65 Materials and methods

66

67 Tick collection and DNA extraction

68 Host-seeking I. ricinus ticks were collected from 14 sites in the Norwegian counties Vestfold og 

69 Telemark, Agder and Vestland (Table 1, Figure 1). The ticks were collected by flagging the 

70 undergrowth as previously described (Kjelland et al., 2010).  The ticks were placed in plastic tubes 

71 containing 70 % ethanol and kept at 4°C until DNA extraction. Only I. ricinus ticks were found. 

72

73 DNA was extracted by the commercial kit DNeasy® Blood & Tissue Kit (Qiagen, Germany) with some 

74 modifications as previously described (Kjelland et al., 2010) or by phenol-chloroform extraction 

75 (Halos et al., 2004) or by digestion with ammonium hydroxide (Jenkins et al., 2019) (Table 1). The 495 

76 ticks from Vestfold og Telemark were pooled in groups with 5 ticks in each pool after extraction of 

77 DNA. Purified DNA was stored at -20°C until further analysis. 

78
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79 Rickettsia helvetica specific real-time PCR

80 DNA extracts from the ticks collected in the counties Agder and Vestland were examined for R. 

81 helvetica by using a real-time PCR assay with primers and probe specific for a region of the gltA gene 

82 (Table 2). Real-time PCR was performed using StepOnePlus Real Time PCR System (Applied 

83 Biosystems Inc. (ABI), California, USA). The PCR mixture contained 10 µl TaqMan© Environmental 

84 DNA Master Mix 2.0 (ABI), 800 nM of each Rh primer (ABI), 800 nM Rh probe (ABI), 5 µl of template 

85 DNA and ddH2O to the total reaction volume of 20 µl. The PCR conditions were as follows: 40°C for 2 

86 min and 95°C for 10 min, followed by 47 cycles of 95°C for 15 s, 56°C for 30 s and 72°C for 20 s. 

87 Optical detection of fluorescence intensity was done after each cycle. A synthetic plasmid containing 

88 the gltA sequence (GenBank accession number KU310588; the length of the gltA gene is 1308 bp, 

89 and the 101 bp real-time PCR target sequence corresponds to positions 907-1007) cloned into the 

90 vector pUC57 was constructed according to our specifications and obtained from GenScript (New 

91 Jersey, USA) and used as a positive control. Positive and negative controls were included in all runs. 

92

93 Rickettsia spp. real-time PCR 

94 The pooled DNA samples from Vestfold og Telemark county were examined for Rickettsia spp. as 

95 described by Stenos et al. (2005) with minor modifications. Briefly, the PCR mixture included 10 µl 

96 TaqMan® Universal PCR Master Mix (ABI), 800 nM of each Rspp. primer (Eurofins Genomics, 

97 Ebersberg, Germany), 800 nM Rspp. probe (ABI), 5 µl of template DNA and ddH2O to the total 

98 reaction volume of 20 µl. The PCR conditions were as follows: 40°C for 2 min and 95°C for 10 min, 

99 followed by 47 cycles of 95°C for 15 s, 58°C for 30 s and 72°C for 20 s. Due to lack of material, the 

100 samples were not analyzed by the species specific real-time PCR or sequencing. Rickettsia conorii 

101 (Vircell, Granada, Spain) was used as positive control. Positive and negative controls were included in 

102 all runs. 

103

104 Direct sequencing and pyrosequencing 
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105 Real-time PCR positive samples were subjected to direct sequencing or pyrosequencing of gltA.  

106 Briefly, in the direct sequencing the real-time PCR positive samples were re-amplified with a standard 

107 PCR where every reaction consisted of 2.5 µl 10XPCR Gold Buffer (ABI), 2.5 µl dNTP Mix (ABI), 2.5 µl 

108 MgCl2 Solution (ABI), 0.2 µl AmpliTaq Gold® (ABI), 800 nM of each Rh primer, 5 µl template DNA and 

109 ddH2O to the total reaction volume of 25 µl. The cycling parameters were: 40°C for 2 min, 95°C for 10 

110 min, then 47 cycles of 95°C for 15 s, 56°C for 30 s and 72°C for 20 s. PCR products were purified with 

111 ExoSAP-IT® (Affymetrix, California, USA) following the manufacturer’s instructions, sequenced in 

112 both directions using BigDye® Terminator v.1.1 Cycle sequencing RR-100 (ABI), and analyzed with a 

113 3130 Genetic Analyzer automated capillary sequencer (ABI). 

114

115 Before pyrosequencing the real-time PCR positive samples were re-amplified on the RotorGene Q 

116 (Qiagen GmbH, Hilden, Germany) using a biotinylated forward primer to achieve streptavidin binding 

117 in the pyrosequencing preparation. The reaction mixture contained 10 µl TaqMan® Universal Master 

118 Mix II, with UNG (ABI), 250 nM biotin labelled Rh forward primer, 250 nM Rh revers primer, 300 nM 

119 Rh probe, 5 µl template DNA and RNase free water to the total reaction volume of 20 µl. The cycling 

120 parameters were: 50°C for 2 min, 95°C for 10 min, then 48 cycles of 95°C for 15 s, 56°C for 30 s and 

121 72°C for 20 s.  The real-time PCR products were analyzed on the Pyromark Q24 (Qiagen) according to 

122 the manufacturer’s instructions, using 300 nM Rh revers primer and Pyrogold SQA reagents (Qiagen). 

123 Negative and positive controls were included in each run. The pyrogram of each sample was 

124 compared with the pyrogram of the positive control to determine true positive samples. 

125

126 Results

127 In total, 2891 I. ricinus ticks were analyzed; 2165 from Agder county, 495 from Vestfold og Telemark 

128 county and 231 from Vestland county. Ticks collected in Vestfold og Telemark county was analyzed 
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129 for the presence of Rickettsia spp., whereas the ticks collected in the two remaining counties were 

130 analyzed with a real-time PCR specific for R. helvetica (Table 3).

131

132 A total of 45/2396 samples yielded a positive R. helvetica real-time PCR result (Table 3). All 45 PCR 

133 products yielded the expected fragment length (101 bp) when analyzed by agarose gel 

134 electrophoresis. Of these, 11/45 samples were verified by direct sequencing or pyrosequencing.  In 

135 Vestfold og Telemark, Rickettsia spp. was detected in one tick pool. 

136

137 Discussion

138 The present study is the first to describe the prevalence of R. helvetica in host-seeking I. ricinus ticks 

139 in Norway. In accordance with other European studies (Oteo and Portillo, 2012), a widespread 

140 distribution of R. helvetica was found in southern Norway. 

141

142 The pathogen was detected in all three investigated counties, indicating a widespread distribution in 

143 Norway. The infection prevalence was low throughout the sampling region, 3.9 %, 1.7 % and 0.2 % in 

144 ticks collected in Vestland, Agder and Vestfold og Telemark, respectively.

145

146 All samples positive in the R. helvetica specific real-time PCR were further analyzed in a direct 

147 sequencing or a pyrosequencing assay. Eleven of 45 samples were successfully sequenced, and only 

148 R. helvetica was detected. As several samples are close to the detection limit of the assays, it is not 

149 possible to conclusively determine whether the samples that were not successfully sequenced are 

150 false positives in real-time PCR, or true positives below the detection limit of the sequencing assays, 

151 although estimation of the real-time PCR sensitivity and specificity favors the latter interpretation 

152 (data not shown). Furthermore, agarose gel electrophoresis analysis of all samples positive in the R. 

153 helvetica specific real-time PCR yielded amplicons of the expected size (101 base pairs). Thus, 

154 although there is a degree of uncertainty regarding the exact prevalence of the pathogen, the study 
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155 demonstrates a low infection rate of the pathogen in southern Norway. Correspondingly, the 

156 pathogen was previously detected in 0.3 % I. ricinus ticks collected in Agder county (Quarsten et al., 

157 2015), which is consistent with the low prevalence found in this study.

158

159 Most samples were analyzed using a real-time PCR specific for R. helvetica, however one set of 

160 samples was analyzed using a previously-published generic primer set for Rickettsia spp. One positive 

161 pool was detected, giving a minimum infection rate at 0.2 %. Unfortunately, genotyping of this 

162 sample could not be done due to lack of material. However, since most previous studies conducted in 

163 the Nordic countries have shown R. helvetica to be the predominant Rickettsia species in I. ricinus 

164 ticks in Scandinavia (Table 4), it may be assumed, although not conclusively, that the detected 

165 Rickettsia spp. was in fact R. helvetica.

166

167 Interestingly, in the countries neighboring Norway the prevalence is significantly higher; in Sweden, 

168 the prevalence of R. helvetica in I. ricinus ticks reaches 17 % (Nilsson et al., 1999, Severinsson et al., 

169 2010), whereas in Denmark up to 14 % is reported (Nielsen et al., 2004, Svendsen et al., 2009, Kantso 

170 et al., 2010, Michelet et al., 2014) (Table 4). This may reflect differences in methodology, although 

171 the methods used in present study coincided in part with those in the other studies (Table 4), in 

172 which case the results should be comparable. While it cannot be conclusively excluded that the 

173 observed differences between Norway and neighboring countries may be due to methodological 

174 differences it is well-known that the prevalence of pathogens in ticks varies between geographical 

175 regions, and seems to be influenced by the nature of the habitat, in particular which tick hosts that 

176 are found in the area. 

177

178 Conclusions

179 Due to the substantial difference in the prevalence of R. helvetica in Norway and the neighboring 

180 countries, Sweden and Denmark, it is important to conduct further research in Norway to determine 
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181 if the prevalence is in fact significantly lower in this region, and if so to investigate the reasons for 

182 this discrepancy. The occurrence and pathogenicity of R. helvetica in humans in Norway remains 

183 largely unaddressed, probably due to nonspecific symptoms, unawareness and the lack of diagnostic 

184 tools. Although SFGR other than R. helvetica are rarely reported in Scandinavia, future studies should 

185 aim to determine whether other species are present or absent in Norway. Recently, studies have 

186 indicated an increased distribution and abundance of I. ricinus ticks in Norway (Hvidsten et al., 2015, 

187 Kjaer et al., 2019), which may lead to an increase in the number of human and animal tick-borne 

188 disease, and awareness of new emerging pathogens and their infections is increasingly important. 
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334 Table 1. Overview of tick collection sites, time of sampling, the instar distribution, and the method 

335 used for DNA extraction.

County Site 

no.

Year/month of 

sampling

Number of ticks collected 

(adults/nymphs/larvae/instar not 

determined)

DNA 

extraction 

method†

Vestfold og 

Telemark

1 2012/9 495 (0/495/0/0) A

Agder 2 2012/5; 2012/8; 

2013/5; 2013/8; 

2014/5; 2014/8

1267 (112/528/627/0) P

3 2017/10 24 (18/6/0/0) P

4 2016/8 4 (4/0/0/0) Q

5 2016/8 13 (5/7/1/0) Q

6 2016/8 7 (4/3/0/0) Q

7 2016/8 187 (174/13/0/0) Q

8 2016/8 24 (15/9/0/0) Q

9 2017/8; 2017/9 109 (58/51/0/0) P

10 2017/8 60 (0/0/0/60) P

11 2017/7; 2017/8 122 (49/71/2/0) P

12 2017/10 112 (31/46/0/35) P

13 2016/9 236 (36/131/69/0) Q

Vestland 14 2017/10 231 (8/164/0/59) P

Total 2891 (514/1524/699/154)

336 †DNA extraction method: A = digestion by ammonium hydroxide; P = phenol chloroform extraction; Q = DNeasy 

337 blood and tissue kit, Qiagen.
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341 Table 2. Sequences for primers and probes used in this study.

Sequence (5’ – 3’) Reference

Rh forward primer† 5’-CCGTTTAGGTTAATAGGCTTCGG This study

Rh reverse primer† 5’-CCGAGTTCCTTTAATACTTCCTTACA

Rh probe† 5’-6-FAM-CGATCCACGTGCCGCAGTACT-MGBNFQ

Rspp. forward primer‡ 5’-TCGCAAATGTTCACGGTACTTT Stenos et al., 2005

Rspp. reverse primer‡ 5’-TCGTGCATTTCTTTCCATTGTG

Rspp. probe‡ 5’-6-FAM-TGCAATAGCAAGAACCGTAGGCTGGATG-

BHQ-1

342 † PCR target: part of the gltA gene specific for Rickettsia helvetica

343 ‡PCR target: part of the gltA gene detecting Rickettsia spp.

344

345

346 Table 3. Rickettsia helvetica and Rickettsia spp. detected by real-time PCR in questing Ixodes ricinus 

347 ticks collected in three counties in Southern Norway.  

County Total,

% (n/N)

Adults,

% (n/N)

Nymphs,

% (n/N)

Larvae,

% (n/N)

Instar not 

determined

(n/N)

Vestfold og Telemark 

(Rspp†)

0.2 (1/495) ‡ 1/495† 0

Agder (Rh†) 1.7 (36/2165) 13/506 19/865 2/699 2/95

Vestland (Rh†) 3.9 (9/231) 0/8 7/164 2/59

Total 1.6 (46/2891) 2.5 (7/514) 1.8 (26/1524) 0.3 (2/699) 1/154

348 †Rspp: Rickettsia spp.; Rh: Rickettsia helvetica.

349 ‡Ticks collected in Vestfold og Telemark was analyzed in pools of 5. Assuming only one infected individual in 

350 the pool, this yields a minimum infection rate of 0.2 %. 
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352 Table 4. Prevalence of Rickettsia helvetica in Ixodes ricinus ticks collected in the Nordic countries 

353 (Norway, Sweden, Denmark, Finland and Iceland). To our knowledge, the pathogen is not detected in 

354 Iceland. 

Country DNA 
extraction 
method†

PCR target Rickettsia species other 
than R. helvetica

R. helvetica prevalence 

Norway CK or P or 
A

Rickettsia spp. or R. 
helvetica

Not analyzed 1.6 % (present study)

CK Rickettsia spp. No 0.3 % (Quarsten, Skarpaas et al. 
2015)

Sweden P Rickettsia spp. No 1.2-11.2 % (Lindblom, Wallmenius et 
al. 2016)

P Rickettsia spp. 1/887: possible 
Rickettsia sibirica

9.5-9.6 % (Wallmenius, Pettersson et 
al. 2012)

P Rickettsia spp. No 1.5-17.3 % (Severinsson, Jaenson et 
al. 2010)

P Rickettsia spp. No MIR 16 %‡ (Nilsson, Lindquist et al. 
1999)

P Rickettsia spp. No 1.7 % (Nilsson, Jaenson et al. 1997)
Denmark A Rickettsia spp. No 4.7 % (Kantso, Svendsen et al. 2010)

A Rickettsia spp. No 13 % (Svendsen, Krogfelt et al. 2009)
CK or A R. helvetica Not analyzed 0.1 % (Skarphedinsson, Lyholm et al. 

2007)
P Rickettsia spp. No 4 % (Nielsen, Fournier et al. 2004)
CK Rickettsia spp. No 14 % (Michelet, Delannoy et al. 2014)

Finland CK Rickettsia spp. 1/3169:
R. monacensis

1.1-5.1 % (Sormunen, Penttinen et al. 
2016)

355 †DNA extraction method: A = digestion by ammonium hydroxide; P = phenol chloroform extraction; CK = 

356 Commercial kit (DNeasy blood and tissue kit, Qiagen or The Qiagen DNA Mini kit, Qiagen or QIAampA DNA mini 

357 kits, Qiagen or NucleoSpin® RNA/DNA buffer sets, Macherey-Nagel or Wizard genomic DNA purification kit, 

358 Promega).

359 ‡The authors estimated the average minimum and maximum infection prevalence to be 16 % and 36,8 %, 

360 respectively.
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367 Legend to Figure 1

368 Host-seeking Ixodes ricinus ticks were collected from 14 sites in 3 counties in southern Norway; 

369 Jomfruland (1) in Vestfold og Telemark county, Tromøy (2), Tveit (3), Rogeheia (4), Eikelandsdalen 

370 (5), Bommen (6), Ravnås (7), Kvarstein (8), Eg (9), Baneheia (10), Odderøya (11), Voiebyen (12) and 

371 Trysnes (13) in Agder county, and Osterøy (14) in Vestland county (map created in QGIS 3.10.1).
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