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Abstract  

The zoonotic disease Tick-Borne encephalitis (TBE) is emerging in Western Gotaland as in the 

rest of Sweden. Knowledge about the transmission of the TBE virus is incomplete and the small 

patchy occurrence of the virus in combination with inadequate data from confirmed cases of disease 

constitutes a problem. The aim of the study was to increase the knowledge  of pattern of 

transmission for TBEV through a thorough field investigation of infested ticks and intermediate 

hosts in relation to environmental factors. Three main objectives were investigated (i) to find a 

profile habitat of TBEV were both abiotic and biotic factors are taken into account, (ii) to 

investigate the role of rodents as intermediate hosts for TBEV and (iii) to correlate the profile 

habitat with data of TBEV frequency in tick population of the area. Ticks and rodents were 

sampled, using white sheets and mouse traps, in two areas were TBEV presence is confirmed, 

Finnsmossen in Änggårdsbergen and Svartmossen in Sisjön. Sampling was also performed in two 

similar locations where no TBEV occurrence have been demonstrated. From all four locations soil 

samples were taken and analyzed for pH and soil water content. Whole ticks and tissue samples 

from the collected mice were analysed for TBEV RNA using RT-qPCR. No TBEV RNA could be 

detected in either ticks (n= 899) or rodents (n= 7) collected in the project. Results from soil samples 

indicates over all drier grounds in the TBEV positive region. A significant difference between the 

TBEV positive site in Sisjön  and the negative control site when looking at the soil pH. This tells 

us that the chemical properties of the soil may have an impact on TBEV prevalence.  

Key words: Tick-borne encephalitis virus, virology, rodents, Ixodes ricinus, Änggårdsbergen, 

Sisjön  

 

Sammanfattning 

Den zoonotiska sjukdomen fästingburen encefalit (TBE) är under tillväxt i såväl Västra Götaland 

som resten av Sverige. Kunskap om spridningen a TBE viruset är bristfällig och avsaknad av data 

av dess förekomst då den data som finns enbart kommer från konstaterade smittfall. Dessutom 

virusets fläckvisa förekomst över små ytor ett svårförklarat fenomen. Därav var syftet för den här 

studien att öka kunskapen om TBE-virusets spridningsmönster genom fält studier av både 

fästingar och dess värdar i korrelation med miljöfaktorer. Tre huvudsakliga mål för studien var (i) 

hitta ett habitat profil för TBE-viruset där abiotiska och biotiska faktorer tas till beaktning, (ii) 

undersöka gnagares roll som värdar för TBE-virusets, samt (iii) korrelera habitat profilen med 

TBE-virus frekvensen av fästing populationen i området. Fästingar samlades genom att dra vita 

lakan längs marken och gnagare med råttfällor, detta gjordes i två områden där förekomst av 

TBE-virus tidigare är känt, Finnsmossen i Änggårdsbergen och Svartmossen i Sisjön. Detsamma 

gjordes i två liknande områden där förekomst av TBE-virus inte är tidigare känt. Från alla fyra 

områden samlades även jordprover för analys av vatten mängd samt pH. Hela fästingar och 

vävnadsprover från gnagarna analyserades för TBE-virus RNA med hjälp av RT-qPCR. Inget 

TBE-virus RNA påträffades i varken fästingar (n=903) inte heller gnagarna (n=7). Resultat från 

jordprover indikerar generellt torrare marker i TBE-virus positiva områden. En signifikant 

skillnad i pH påträffades mellan det TBE-virus positiva området i Sisjön och den negativa 

kontrollen. Detta säger oss att jordkemiska faktorer kan ha en påverkan på TBE-virusets 

förekomst 
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Introduction 

Humanity is facing many different challenges. One of them being the global war against the 

devastating pandemic that the world is facing at the moment. In the view of this, it is understandable 

that most viral research is focused on the Covid-19 virus but other important viral diseases also 

requires attention.  

Another major problem the world is facing today is global warming. With that comes many 

different problems, one of them is the migration of species. Whether it is plants conquering new 

grounds or squirrels finding new habitats to mate. What scientists all over the world are seeing is 

the expansion of temperate species seeking new habitats further north. This is also the case with 

the isodes family, common ticks, which are expanding in latitude towards the north. With that 

follows problems with tick borne diseases, of which one is the Tick Borne Encephalitis Virus 

(TBEV). Within the Gothenburg region, TBEV was first located in the Northern part of 

Änggårdsbergen, but only in one narrow area on the southwestern side of Finnsmossen. Scientists 

from the virology department of the University of Gothenburg have since then searched the area 

around Finnsmossen and the three other ponds Axlemossen and Trindemosse but no TBEV ticks 

have been found in the other areas only in Finnsmossen. The same situation has been documented 

in the Sandsjöbacka nature preserve, where TBEV was found only in a small area northwest of 

Lake Sisjön. This patchy pattern of appearance have led to studies trying to understand 

environmental factors such as vegetation and other species living in the same area with hope to 

find a common denominator for those areas housing TBEV. The present study are adding to the 

environmental factors with aim to elucidate the soil environment in the TBEV contaminated 

locations.  

Tick borne encephalitis virus, TBEV, is of the family Flaviviridae within the genus 

Flavivirus and can cause severe problems for humans if infected. The virus was spread from Asia 

to Europe, with the main spreading occurring in Russia, Slovakia and Baltikum. Symptoms of 

TBEV are most often mild fever and headache 

although around one third of the infected 

patients acquire additional complications with 

infections of the Central nervous system 

(CNS) (CDC, 2020). It is well-known that 

ticks from the Ixodes genus, that acts both as 

host organism and as vector for the virus, is the 

major cause of TBE infections in humans. The 

TBE sub-type present in Sweden, uses the 

common tick Ixodes ricinus as primary host. 

This species will be referred to as “Tick” or 

“Ticks” throughout the present essay. 

Although it becomes more common for every 

year to vaccinate against TBEV in Sweden the 

cases of infected patients are increasing 

(Folkhälsomyndigheten, 2020). Most affected 

areas are the regions of Uppland and 

Sörmland, the parts closest to the east coast 

archipelago of the Baltic sea. The geographical 

spread of the virus is also increasing during the 

last years, see figure 1.  
 

 

Figure 1. TBEV infected areas during two 

different five year periods. Each black dot 

represents a probable spot with infection of 

TBEV during a) a five year period between 

1986-1991 recorded by SMI (n=236) and during 

b) a five year period between 2007-2011 

(n=940). Figure from Jaenson, T.G. et al. (2012). 
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Confirmed TBE-cases in Sweden the last seventeen years have increased rapidly, especially in the 

last ten years. The graph above (figure 2) show data from the Public health agency of Sweden 

(Folkhälsomyndigheten, 2019). In Sweden infection of TBE-virus is monitored by the 

Communicable Disease Act, so that all cases of the disease are obliged to be reported to the City 

Council and from there to the Public health agency of Sweden. The linear regression predicts a 

continuous increase in the future. Given the k-value from the linear regression, y = 13,547x – 

27008, a prediction of the number of cases 10 years in the future (2030) is 492. This given that the 

regression line will have the same continuous direction. Both in 2011 and 2018 there are clear 

peaks in the number of cases and common for these two years were unusually high temperatures 

during the summer (SMHI, 2019). Increasing mean temperatures is one important factor suggested 

to provide an explanation to the increased transmission of the virus in northern areas were the 

vectors before did not thrive. Previous studies suggest that increasing temperatures having a major 

impact of both distribution and phenology of parasitic arthropods, like the ticks (Reiter, 2001). 

The first confirmed case of TBEV in Sweden was documented in 1954, and Von Zeipel isolated 

the virus in 1959 (Von Zeipel, 1959). However, even though this relatively long history of TBE 

infections there are still large gaps in the knowledge of the TBE virus life cycle  as well as 

transmission pathways and mechanisms (Holmgren & Forsgren, 1990). Ticks that are infected with 

TBEV remain infected throughout their life time and will, through vertical transmission, pass the 

virus on to the next generation. Thereby the disease can be transferred to other organisms not only 

via adults but also through nymphs and larvae as well (Petterson et al., 2014). However the 

frequency of infected adults, specially female adults, is higher than for nymphs. An adult has fed 

on two different host, potential TBEV- carrying hosts, which twice as much as the nymphs that 

only have fed on one host (Süss, et al., 1999).  

Despite increased spatial and numerical spread of the common tick, I. ricinius, in Sweden the 

corresponding spread of the TBE virus is very low. Roe deer colonizing new grounds is being 

suggested as the major reason for the spread of the common tick (Jaenson, et al., 2018). There is 

no even pattern over the distribution of the virus. In fact, one of the ecological characteristics of 

the TBEV spread is a patchy occurrence over a large geographical areas, where every patch is very 

limited in size, so called hot spots, the patches in Änggårdsbergen and Sisjön being good examples 

(Blaskovis & Nosek, 1972; Dobler, et al., 2011).  

Figure 2. The number of TBE cases in Sweden between 2002 and 2019. Purple squares represents the 

number of TBEV cases and purple dotted line represents a regression line from the known data points. 
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In Sweden small rodents, such as red-backed vole, is suggested as another possible host 

organism for both ticks and TBEV., which together with Roe deer could be one explanation of the 

patchy spread. The same goes for Roe deer, which mostly host adult ticks, but can also be 

intermediate hosts of the virus. Roe deer are a contradiction against the patchy spread since they 

travel over large areas and should thereby increase the prevalence of the disease over larger areas 

(Jaenson, et al., 2012). Another hypothesis explaining new TBE hot spots far away from the first 

endemic area is that TBEV- infected migratory birds spread the disease (Waldenström, et al., 2007). 

However, this does not on its own explain the distribution pattern that most cases of TBE occurs 

in the surroundings of big lakes, such as Mälaren, Vänern and Vättern. Also in this study, the two 

TBEV positive areas are situated in close contact to a lake.  

A process called co-feeding between ticks can occur via two situations, and assist the 

transmission of TBEV. There are two different ways in which co-feeding is performed. The first 

way is an uninfected tick feed on a host that is carrying the virus but immune to its effects, the 

uninfected tick ingest the virus while feeding. The second way is an infected tick feeds on the same 

animal as an infected tick and the virus is transmitted via the blood of the host. The first example 

of co-feeding has been demonstrated in a lab study where two TBEV infected female ticks were 

incubated together with 20 uninfected nymphs in a chamber containing a mouse. The ticks were 

left for 1-3 days and maximum co-feeding transmission was 62%, recorded on day 3, i. e., 62% of 

the nymphs were infected with the virus after the third day (Slovak et al., 2014). In such a 

mechanism, the rodents act as reservoirs for the TBE-virus and thus allow the spreading from 

infected ticks to uninfected ticks feeding on the same rodent (Slovak et al., 2014).  

During wintertime, RNA from of TBEV has been detected in the tissue of the rodents 

(Microtus agrestis and Myodes glareolus voles). This is interesting as during this time period ticks 

are inactive and resting in the ground. Therefore, rodents, such as the voles are suggested to act as 

reservoirs in which the TBEV may overwinter (Tonteri, et al., 2009). 

Ticks can survive temperatures down to -7°C but only become active when the night 

temperatures rise above 4-5°C (Duffy & Campbell, 1994). In a study by Lindgren, & Gustafson, 

(2001), prevalence of Ticks in Sweden was linked to a combination of five different 

variables:  winter −10 to −7°C, winter −7 to 0°C, autumn 5–8°C, spring 8–10°C, spring 5–8°C. 

The variables predominantly responsible for whether ticks are absent or present were milder 

temperatures during spring and fall, which favors the development of ticks during the spring and 

their continued activity during the fall.  

Lately, considerable attention has been given to the status of water availability for human 

consumption, with the risk for a decreased water availability in the future due to both global climate 

change and an increasing human population. Although some information exist regarding future 

water availability in limnic ecosystems (Smakthin, et al., 2004), less energy has overall been 

focused on investigating the water availability for other functions and organisms within the global 

ecosystem as an effect of climate change (Smakthin, et al., 2004). In terrestrial ecosystems, the 

water content plays an important role. If the focus are on ticks, ticks require plants for shelter, and 

the plants also constitutes a path for the ticks to find new hosts. Plants, in turn, require water for 

their photosynthesis and thereby, their ability to grow and survive. To grow, plants take up CO2 

through stomatal pores in the leaves and water through their roots, which are often embedded in 

the soil. However, when the plants open their stomatal pores for CO2 intake, water may evaporate 

out from the plants in a process called transpiration (Areschoug, 1907). Thus, although increasing 

CO2 emissions in the atmosphere have the potential to increase the vegetation growth, increasing 

atmospheric CO2 may also lead to an enhanced water loss for the plants as they increase the time 

for having their stomatal pores open. In turn, this may result in the need to absorb more water from 

the soil, possibly decreasing the soil water content. Gerten, et. al. (2007) suggest a model that 

predicts soil humidity to decrease in most areas in the near future. However in latitudes >50°N the 

predictions are opposite, meaning that the soil humidity is predicted to increase due to increasing 
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precipitation patterns and the thawing of permafrost layers. The areas in the present study are 

situated on latitudes higher than 50°N (≈57°N) (Gerten, Schaphoff, &Lucht, 2007). 

Besides the complex interplay between the effect of vegetation and precipitation, evaporation 

and wind patterns, the soil properties are also affected by the resulting pH value in the soil. For 

example, the capacity for nutrient storage and supply are both regulated by the soil pH. As a result, 

the soil pH has a major impact on terrestrial ecosystems, including on the abundance of both ticks 

and rodents. The pH of soil transfer from being alkaline to being acidic when the soil receives an 

excess of water. Moreover, as the pH scale is a logarithmic scale, even small changes in water 

amount can have a great impact on the soil pH and thereby, the ecosystems within the soil. When 

the mean annual precipitation exceeds the mean annual evapotranspiration a threshold is reached, 

making the soil more acidic. Evapotranspiration describes the combined process of water 

evaporated directly from the ground and water transpired by plants. If evaporation exceeds 

precipitation, dissolved Ca2+ accumulates as CaCO3, which buffers the soil to a pH near 8.2. In 

such cases, leaching is very low. On the other hand, leaching is high when precipitation exceeds 

evaporation. Water that leaches removes Ca2+ from the top soil layers, which allows for the 

accumulation of the relatively immobile Al3+ ions, since this can replace Ca2+ as the active cation. 

Only when pH is decreasing to below seven, that occurs when basic cations such as Ca2+ leachs, 

Al3+ are solubilized in the soil. The Al3+ ions buffer the soil at a much more acidic level, i.e., near 

pH 5.1 (Slessarev, Lin, & Bingham, 2016). An upward shift in mean annual precipitation is mostly 

predicted to occur in the cold months: March, September, November and December (Busuioc, 

Chen, & Hellström, 2001). Yet, IPCC states high confidence in future increases in daily 

precipitation means not only during the cold months but also during all seasons for northern Europe 

(IPCC, 2014). 

Ennerfelt (2019) performed an inventory of Flora and Fauna in Änggårdsbergen to increase 

the understanding of the prevalence of TBEV in Finnsmossen. To do this, arthropods were 

collected in four areas: Finnsmossen and three negative control sites. The study showed higher 

abundance of springtails in the area around Finnsmossen compared to the three control sites. 

Springtails live in the litter layer as well as the underlying soil and constitute a large proportion of 

the animal biomass of the litter layer. Springtails prefer wet surroundings, making Finsmossen a 

preferable habitat (Bellinger, Christiansen, & Janssens, 1996-2020). Springtails share a similar 

preferred habitat as I. ricinus, and therefore since no difference could be found in biotic factors it 

was suggested to look into the abiotic factors such as soil chemical properties. The number of 

TBEV cases is continuously increasing, yet little is known about the transmission and life cycle of 

TBEV. The aim of the study is, therefore, to give a better understanding over the transmission of 

TBEV by field inventory. The present study aimed to answer three main objectives: (i) to find a 

profile habitat were both abiotic and biotic factors involved in explaining the presence or absence 

of TBEV are taken into account, (ii) investigate rodent’s roll as host organisms of the virus and (iii) 

connect the profile habitat with data of TBEV frequency in tick population of the area. 

 

 

Material and methods  

The present study consisted of two main components. Firstly, soil from four chosen areas were 

collected and analysed. Secondly, ticks and rodents from the same areas were collected. The four 

different sites sampled for soil, ticks and rodents consisted of one TBEV positive (i.e., a location 

with confirmed TBEV cases) and one TBEV negative (i.e., a location with no confirmed TBEV 

cases) site in two different areas, respectively.  
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Site description 

Sampling was performed in two different areas in Gothenburg, Sweden: Änggårdsbergen and 

Sandsjöbacka. Within each area, sampling was performed at two different locations based on the 

knowledge of presence or absence of TBEV carrying ticks. 

 

Site 1: Änggårdsbergen 

Änggårdsbergen (57.668°, 11.958°) is a nature reserve located in the south west of the center of 

Gothenburg. The reserve covers a wide range of environments and habitats, such as deciduous 

forests, heathlands, moorlands, and pine- and birch-woods. Änggårdsbergen is made up of a high 

plateau with surrounding valleys that create steep ridges. On the northern side lies Finnsmossen, 

one of the largest lakes in Änggårdsbergen. Hiking paths through mixed forest and shrub lands 

surround the lake. This area is known to have TBEV carrying ticks and was, therefore, chosen as 

one of the two sampling locations in Änggårdsbergen. The sampling stretch was ≈ 100 m2 along 

the lake’s southwestern shoreline (57.673°, 11.953°). Closest to the water aquaphilic halfgrasses 

and sphagnum mosses dominate. The second sampling location in Änggårdsbergen was 

Axlemossen. Axlemossen is a lake situated 500 m southwest of Finnsmossen in linear distance. 

The lakes are similar in size and ecology, but in contrast to Finnsmossen, no TBEV cases have 

been recorded around Axlemossen thus far. Hence, due to its lack of known TBEV cases, while 

being ecologically and morphologically similar to Finnsmossen, Axlemossen was chosen as the 

control area in Änggårdsbergen. The area choosen for the study by Axlemossen runs along the 

northwest shore of the lake. This area also consists of a mixed forest, similiar to Finnsmossen, with 

blueberries as the main shrub, and a sphagnum bog. The main difference between the two locations 

is that Axlemossen has more deciduous trees and a larger area of sphagnum (57.671°, 11.950°). 

 

Site 2: Sandsjöbacka 

Sandsjöbacka nature reserve (57.586°, 12.008°) contain a diverse landscape and stretches from 

Halland county in the south up to Västra Götaland in the north. The nature varies from heathlands 

on mountain ridges to valleys of mixed forest with many oak trees. One of the biggest lakes, Sisjön, 

is situated in the northwestern parts of the reserve. The first sampling area, which has been tested 

positive for TBEV, of this site is located west from the northern edge of the lake Sisjön. This area 

runs along the southeast shore of another, much smaller lake, Svartmossen. The sampling area 

consist of a mixture of conifers and deciduous trees, with blueberries as the primary component of 

the shrub layer. Closest to the water line, blueberries are replaced by Myrica gale across the ground, 

with a fair amount of species of sphagnum (57.626°, 11.963°). The second sampling area in 

Sandsjöbacka is located in the center of the western shore of Lake Sisjön. This area is situated 

higher up from the lake than the other, separating it from the water. Although, the ground is shaped 

like a valley down the middle, creating a bowl formation were sphagnum mosses thrive. The shrub 

cover consists mainly of blueberries and ferns and the trees in the area are different conifers mixed 

with deciduous trees (57.624°, 11.967°).   

 

Soil collection and analysis 

In the four different sampling areas, ten spots were randomly selected for each sampling day. The 

GPS coordinates of each spot, respectively, were determined using the application 

“MyGPScoordination” that gives the location points in WGS844. Thereafter, samples of 

approximately 200 grams of soil were obtained from the surface soil, i.e. directly underneath the 

litter layer, using a spatula. The soil samples were kept outdoors in the shadow to mimic the weather 
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conditions at the time of sampling until analysis. Soil samples were collected every second week 

from mid-March until the beginning of June. 

 

Data management in GIS-lab  

The data collected in field was added to the GIS-software (ArcMap 10.5.1, Esri) as shapefiles. The 

data point was connected to maps collected from the Swedish site Lantmäteriet. Firstly an attempt 

to achieve an interpolation between the sampled data and an Ortophoto-map was done, however 

this failed since data points where too far away from each other and data values too different. 

Interpolation allows for an assessment of data points within the sampling area that are unknown, 

which will give a broader view of the entire area. Therefore, since it was not necessary to use 

ortophotos a change was done into using a terrain map and labeling the data points for their given 

value using a color coding system.    

  

Determination of the soil moisture content 

To evaluate the amount of water in the soil a gravmetric soil water content method was used. 

Gravimetric methods uses the weight of water compared to volumetric that uses the volume of 

water in one sample. The soil samples were dried at 70 °C for 48 hours to ensure water loss. 105 

°C is recommended by most protocols e.g., (Sharpe, 2018), but such high temperature impose a 

major risk for losing organic matter due to excessive oxidation. Lowering the temperature to 70 °C 

reduces the oxidation and avoids loss of organic matter from the samples. This leads to an increased 

incubation time of 48h, instead of 24h, to make sure sufficient water is removed e.g., (Robertson 

& Vander Wulp, 2019). Each soil sample was weighed using a precision scale before entering the 

oven as well as after the incubation. The soil moisture content was calculated based on the 

difference in weight before and after incubation according to equation 1. For each date, ten 

collected soil samples from each site is combined to a mean soil water content (%). 

 

Equation (1)   𝑆𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑊𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡−𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
*100 

   

pH measurements 

The soil pH was measured using a standardized technique for soil pH measurements from the 

Swedish institution of standards (SIS, 2007). Soil samples were dried in an oven at 40 °C for 24 

hours before 5 ml of soil was suspended in distilled water during shaking, resulting in a soil:water 

ratio of 1:5. By using a volumetric ratio a general system available for all soil types is obtained, 

which means that there is no need to consider the amount of water in the sample. Post dilution, the 

pH of the soil was measured using a pH probe(pHep4, HI98127, Hanna instruments, 

Australia). The pH probe was calibrated before analyze of each sampling sites. This was done by 

putting the probe first in a known solution of pH 7 followed by one known solution of pH 4.  

 

Field collection of ticks and rodents 

Ticks were collected from all four sampling areas whenever the weather conditions allowed (the 

ticks were difficult to catch during rainy days as well as during very warm days, since they went 

into hiding). Collection of ticks was done by dragging a white sheet (1x2 m) across the ground 

causing the ticks to attach themselves onto the fabric. Primarily, the collection sites were chosen 

based on the coverage of blueberry plants and distance to walking tracks. This is because blueberry 

plants in proximity to walking tracks are generally rich in ticks, based on personal experience and 

previous studies (2020-05-06, personal comment from Kristina Nyström). The GPS coordinates 
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for the sampling locations were obtained using the same system as for the soil sampling. Once 

stuck to the sheet, the ticks were collected from the fabric using forceps and transferred into 

MagNAlyzer test tubes for further analysis. Sex and life stage of the ticks was observed and noted. 

Both nymphs and males are black in color but separated by size with nymphs being around 1-2 mm 

in length while males are 2.5-3.5 mm in length. Females can be separated from both nymphs and 

males as they are larger, around 2.5-4 mm in length and have a red body. 

To collect rodents regular mouse traps, of blow trap style, were used. Eight traps were placed 

in each of the four respective areas at nighttime and collected again the morning after. Snickers, a 

Swedish candy bar that consists of chocolate, peanuts and fudge, were used as bait. This bait is rich 

in both sugar, fat and salt, which attracts the rodents. Whenever a rodent was caught, the GPS 

coordination of the trap location was noted. Any rodent caught in a trap is simultaneously killed by 

breaking the neck as a metal cap is released across the neck when the rodent steps on the trap. 

Captured rodents were immediately transported to the lab and placed in a -20°C freezer. Sex of the 

rodents were determined during surgery by looking at the genitals. To determine which species 

were caught morphological characteristics were identified and evaluated based on information from 

the Swedish Artdatabank, Artfakta (Artdatabanken, 2020).  

 

Ethical permits 

Animal experiments complied with the Swedish Animal Welfare Act, the Swedish Welfare 

ordinance, recommendations and applicable regulations from Swedish authorities. Methodology 

for sampling of rodents was approved by the Gothenburg Ethical Committee on Animal 

Experiments, Ethical permit # N.5.8.18-09125/2019. The permit for handling the rodents approved 

for doing so ones they were dead, therefore the usage of blow-traps that kills them in field. Hunting 

permit was approved from the landowner, the city of Gothenburg, as well as from hunting teams 

responsible for the grounds. For the tick collection, no permit was needed since there is no demand 

for an ethical permit for arthropods in Sweden. 

 

Analysis for TBEV in ticks and rodents  

The MagNAlyzer tubes (2 ml) (Roche) were prefilled with ceramic beads, which are 1.4 mm in 

diameter and used for homogenization of solid cellular material, i.e., in this case the ticks. A total 

of 20 nymphs per tube were added from each sampling spot. Adults were divided into separate 

tubes for males and females; these were placed as many as found in one sampling spot in one tube, 

although no more than 8 to not overfill the tubes. The MagNAlyzer tubes containing the ticks were 

stored in a refrigerator until further analysis. When a total of at least 15 tubes were collected with 

ticks these were removed from the refrigerator and dissolved in 600 µl RLT lysis buffer (Qiagen) 

and homogenized in the MagNAlyzer. This was done at a speed of 6500 rpm during 50s x2. The 

samples were then left in -20°C freezers until RNA extraction. The homogenization was performed 

by Anette Roth at the Department of Virology, Sahlgrenska Academy.   

Blunt and sharp dissection of organs was performed on dead rodents in a closed UV hood 

using scalpels and forceps. To avoid contamination between different individuals both scalpels and 

forceps were sterilized and of single use. The rodents were sampled for tissues of kidney, liver, 

brain and intestine. The intestine was separated into three different sections: the duodenum, the 

small intestine and the large intestine. The duodenum was collected by making a cut directly after 

the fundus and the following cut 20 mm posterior of the fundus. The small intestine was collected 

by making a cut 30 mm posterior of the second cut. The large intestine was collected by making 

one cut 50 mm anterior of the anus and one cut 20 mm anterior of the anus. All samples were cut 

in quadruplicates, resulting in a total of 24 samples per individual. For some individuals the urinary 

bladder was filled. In such cases, a urine sample was also collected. Some of the rodents carried 

ticks. These ticks were removed and saved for further analysis. All of the tissue samples, as well 
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as possible urine samples and ticks were transferred to MagNAlyzer tubes. For the tissue samples, 

one sample was placed per tube. If the rodent was carrying ticks, these were all put into one single 

tube. Thus, in total 24 to 26 MagNAlyzer tubes were analyzed from each individual depending on 

the presence of ticks and urine. The content of each tube was, same treatment for tissue samples 

and ticks, directly dissolved in 600 µl RLT lysis buffer and homogenized in the MagNAlyzer. This 

was done at a speed of 6500 rpm during 50s x2.  After homogenization the tubes were placed in a 

freezer of -20°C until RNA extraction. The homogenization was performed by Anette Roth at the 

department of Virology, Sahlgrenska Academy. 

RNA was extracted from both ticks and rodent tissue samples using RNeasy minikit (Qiagen) 

and processed according to the manufacturer’s instructions. The process involves different steps, 

from excluding undissolved parts of tissue to finally extraction of purified RNA. Undissolved 

cellular material was excluded from the samples by centrifugation with the sample diluted in 

ethanol (70%). The sample was then transferred to an RNeasy spin column, which was centrifuged. 

Thereafter the column was washed with a wash buffer (RW1), and then washed with RPE twice. 

Finally, the RNeasy spin column containing the sample was eluted in RNase free water and 

centrifuged again. 

RNA samples were then analyzed using a Real Time – qPCR machine (ABI 7500) following a 

protocol used by Brinkley et. al. (2008) first described by (Schwaiger & Cassinotti, 2003). RT-

PCR mixtures were 50 µl in final volume using 20 µl of the extracted RNA samples carried out 

with the Superscript III Platinum One-step quantitative RT-PCR ROX mix. Probes are predesigned 

DNA oligonucleotides that are fluorescently labelled. These probes bind in to the primer during 

the PCR reaction and gives a fluorescent signal. FAM is bound to the 5’ end of the probe and is a 

green fluorescent reporter molecule. On the 3’ end BHQ1 is bound the the probe, which is a 

quencher molecule. When the quencher and reporter are relatively close to each other, the 

fluorescence led is low. During RT-qPCR reaction the probe is bound downstream of the primer 

and the polymerase enzyme cleaves the probe. Thereby the reporter molecule (FAM) and quencher 

(BHQ1) are separated, the quencher looses its effect over the reporter and fluorescence is increased. 

This only occurs if the polymerase enzyme matches the probe, if not fluorescence is low meaning 

that the sample does not match the target sequence. Low fluorescence or none equals a negative 

result for which ever sequence is searched for, in this study RNA from TBEV. Full list of mixture 

contents is presented in table 1.   The mixture was then run through a cycling program with the 

following set up: 1 cycle at 48°C for 30 minutes, 1 cycle at 95°C for 10 minutes and finally 48 

cycles at 95°C for 15 seconds and at 60°C for 60 seconds.    

 

 

 

 

 

 

 

 

 

 

 

*FAM 5’, BHQ1 3’    

Table 1. The content of the mixture used for real-time (RT) qPCR.  

 Name Sequence Volume 

(µl) 

Forward primer F_TBE3UTR 

 

GGGCGGTTCTTGTTCTCC 1 

Reverse primer R_TBE3UTR 

 

ACACATCACCTCCTTGTCAGA 

 

1 

Probe* Probe_TBE3UTR 

 

CTGAGCCACCATCACCCAGACACAG 

 

1 

Superscript inv.    1 

Reactionmix.   25 

Rnaseout inv.   1 
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Statistical analysis  

Statistical analysis was performed using SPSS statistics (v. 27, Armonk, NY, IBM Corp). To 

evaluate potential differences in soil water content and soil pH between positive and negative sites, 

an ANOVA for repeated measures were conducted. This statistical test allows for comparisons of 

within- and between group effects as well as their interaction. Date was set as the repeated variable 

and site as the independent variable. Prior to the ANOVA, Mauchly’s test of sphericity was 

performed. On occasion, the assumption of sphericity was not met, and was, in such cases, 

accounted for using the Greenhouse-Geisser correction. Since a suspicion exists that the pH meter 

was not correctly calibrated on date 4, an additional ANOVA for repeated-measures was done after 

the removal of the fourth date. 

 

Results  

Collection of Ticks and Rodents in field 

A collocation of all ticks collected in Änggårdsbergen and Sisjön are presented in tables 2 and 3, 

respectively. The tables provide information of the total amount of ticks collected from each site 

as well as the amount of ticks collected on each date. The ticks are also separated by sex and life 

stage. In Änggårdsbergen, 252 ticks were collected at Finnsmossen; 237 ticks were collected at 

Axlemossen. In Sisjön, 219 ticks were collected at Svartmossen, and 195 ticks were collected at 

Sisjön western shore. Results from RT-qPCR showed no positive detection of TBEV in any of the 

collected ticks.   

 

 

 

Table 2. Number of ticks, separated by sex and site, collected in Ängårdsbergen. The sites are 

Finnsmossen (A) and Axlemossen (B) where Finnsmossen represents a TBEV positive site and 

Axlemossen represents a TBEV negative site. 

Date Nymphs A Nymphs B Females A Females B Males A Males B 

6th of May 100 0 7 0 7 0 

13th of May 0 60 0 5 0 10 

4th of June 60 40 4 8 4 4 

9th of June 60 80 5 15 5 15 

Total 220 180 16 28 16 29 

Table 3. Amount of ticks, separated by sex and site, collected in Sisjön. The sites are Svartmossen 

(A) and Sisjön western shore (B) where  Svartmossen represents a TBEV positive site and  Sisjön 

western shore represents a TBEV negative site. 

Date Nymphs A Nymphs B Females A Females B Males A Males B 

11th of May 60 40 3 0 1 0 

25th of May 60 80 5 7 1 7 

2nd of June 40 40 3 0 3 0 

11th of June 40 20 0 0 3 1 

Total 200 180 11 7 8 8 
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Collected rodents are presented in table 4. The given coordinates are from where the mouse-trap 

was situated and, in that way, describes the position for where each specific rodent was caught. 

Three different species of rodents were caught: Wood mouse (Apodemus sylvaticus), Bank vole 

(Myodes glareolus) and Yellow-necked mouse (Apodemus flavicollis). Four of seven rodents 

carried ticks and four had urine in their bladder, allowing for a urinal extraction. Results from RT-

qPCR showed that none of the rodents caught were infected with TBEV. Similarly, none of the 

ticks collected from the rodents carried TBEV.  

 

Soil chemical properties  

Soil water content 

Soil water content is presented as the mass percentage of water from the mass of soil. The mean 

soil water content at 7 different days in Finnsmossen, Axlemossen, Svartmossen and Sisjön western 

shore are presented in figure 3.  

When comparing the TBEV positive site in Änggårdsbergen, Finnsmossen, with the negative 

control site, Axlemossen, for each sampling date a significant effect of sampling date within the 

two sites on soil water content was found (F6 = 6,673, p<0,001). The soil water content differed in 

a range of 56% from first sampling date to 28% for the last date in Änggårdsbergen (figure 4). Yet, 

no significant interaction was found between site and date of sampling (F6 =0,622, P=0,712) and 

the soil water content in the two sites did not significantly differ from one another (F1,17 = 3,336, 

P=0,085). Hence, the soil water content was similar in both sites, but differed, in a similar manner 

for both sites, between sampling dates.  

For the other location, Sisjön, soil water content was also significantly affected by sampling 

date (F3,09 = 4,093, P=0,011) within the two sites, Svartmossen and Sisjön western shore. For both 

sites soil water content ranged between 62% to 59% (figure 4). Also in Sisjön, the water content 

were similar in both sites (F1,16 = 0,21, P=0,653) and no interaction was found between site and 

Table 4. The table describe species and sex of rodents collected in Änggårdsbergen and Sisjön as 

well as the specific coordinates for each capture. In Ängårdsbergen, rodents were collected in both 

Finnsmossen (ÄA) and Axlemossen (ÄB) where Finnsmossen represents a TBEV positive site and 

Axlemossen a TBEV negative site. In Sisjön, rodents were only collected in Svartmossen (SA), which is a 

TBEV positive site, while no rodents were collected in the negative control site for Sisjön, Sisjön western 

shore, even though traps were placed also at this site. The table also indicate whether the rodents carried 

ticks (marked with an X) and whether the urine bladder contained urine, which allowed for a urine test. 

Date  Site Coordinates Species Sex Ticks Comment 

14-maj ÄA 57.6728659, 

11.9534509 

Apodemus sylvaticus Male 
 

Urine test 

20-maj ÄA 57.6730939, 

11.9531029 

Apodemus sylvaticus Male X 
 

22-maj ÄB 57.6708124, 

11.9508233 

Myodes glareolus Male X Urine test 

28-maj SA 57.6260166, 

11.9630170 

Apodemus flavicollis Male X Urine test 

02-jun ÄA 57.6729652, 

11.9530177 

Apodemus flavicollis Female X 
 

08-jun ÄB 6705542, 

11.9497984 

Myodes glareolus Female 
  

08-jun ÄA 57.6730948, 

11.952632557 

Apodemus sylvaticus Female 
 

Urine test 
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sampling date, indicating that the soil water content of both sites changed in a similar fashion across 

sampling dates (F3,09 = 0,487, P=0,698). 

Soil pH 

There was a significant effect sampling date on soil pH within Änggårdsbergen (F1,75 = 2,875, 

P=0,08; figure 4). However, no significant interaction was found between sampling site and 

sampling date (F1,75 = 1,026 P=0,362) and no difference in soil pH between the two sites, 

Finnsmossen and Axlemossen, was observed (F1,17=3,078, P=0,97). Also in Sisjön there was a 

significant effect of sampling date on soil pH (F3,43 = 26,495, P<0,001). In contrast to 

Änggårdsbergen, a statistically significant interaction between sampling site and sampling date on 

soil pH was found in Sisjön (F3,43 = 4,933, P=0,003). This means, that the two sampling sites 

behaved differently across the sampling dates (figure 4). i.e., TBEV positive site (SA) follows a 

stable trend while the negative control site (SB) starts with a negative slope and changes to a 

positive after the third sampling date. The was a significant difference between the two sampling 

sites in Sisjön (F1,16 = 5,698, P=0,03).  

Figure 3. Soil water content at TBEV positive and negative sites in Änggårdsbergen and Sisjön across 3 

months of sampling. In both locations, two different sampling sites were randomly appointed. For 

Änggårdsbergen, samples were collected in the TBEV positive site Finnsmossen (ÄA; dark blue line) and in 

the TBEV negative site Axlemossen (ÄB; light blue line). For Sisjön, samples were collected in the TBEV 

positive site Svartmossen (SA; red line) and in the TBEV negative site Sisjön western shore (SB; pink line). 

Each data point represents the mean % of water from each date (n=10 samples collected on each date at each 

site, respectively).  
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A second ANOVA for repeated measures was performed for both Sisjön and Änggårdsbergen after 

removing data points from the fourth date (21-04-2020). This was done as suspicion arose 

regarding unreliable measurements with the pH meter, possibly due to poor calibration, identified 

by observing approximately identical soil pH from all four sampling sites on this date. The removal 

of the 21st of April resulted in significant differences in soil pH between TBEV positive and 

negative sites for both Sisjön (F1,16=6,017, P=0,026) and Änggårdsbergen (F1,17 =6,161, P=0,024).  

 

GIS maps of soil chemical properties 

Maps covering soil samples from the two locations are presented in figure 5 to 8. These maps 

shows all of the coordinates used for soil sampling. Result after analysis of both soil water 

content and pH is shown in the color of each dot. Observation of the maps shows the soil being 

drier in Änggårdsbergen, a range between 28,84 % to 56,02 %, compared to Sisjön, a range 

between 49,01 % to 68,98 %. For the pH in the two locations, Änggårdsbergen and Sisjön, results 

are very similar ranging between 4,32 to 5,32 within both of the locations.   

 

  

Figure 4. Soil pH at TBEV positive and negative sites in Änggårdsbergen and Sisjön across 3 months 

of sampling. In both locations, 10 different sampling points were randomly selected within the two sites. 

For Änggårdsbergen, samples were collected in the TBEV positive site Finnsmossen (ÄA; dark blue line) 

and in the TBEV negative site Axlemossen (ÄB; light blue line). For Sisjön, samples were collected in the 

TBEV positive site Svartmossen (SA; red line) and in the TBEV negative site Sisjön western shore (SB; 

pink line). Each data point represents the mean pH from each date (n=10 samples collected on each date at 

each site, respectively).  
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Figure 7. Soil pH at TBEV positive and negative sites in 

Änggårdsbergen across 3 months of sampling. In both 

locations, 10 different sampling points were randomly 

selected within the two sites. Each dot represents the 

specific location of a sample and the colors represent the 

pH ranging from 4,33 (green) to 5,09 (red)   

 

Figure 8. Soil pH at TBEV positive and negative sites in 

Sisjön across 3 months of sampling. In both locations, 10 

different sampling points were randomly selected within 

the two sites. Each dot represents the specific location of a 

sample and the colors represent the pH ranging from 4,32 

(green) to 5,32 (red)   

 

Figure 5. Soil water content at TBEV positive and negative 

sites in Änggårdsbergen across 3 months of sampling. In 

both locations, 10 different sampling points were randomly 

selected within the two sites. Each dot represents the specific 

location of a sample and the colors represent the water content 

ranging from 28,84 % (green) to 56,02 % (red)   

 

Figure 6. Soil water content at TBEV positive and negative 

sites in Sisjön across 3 months of sampling. In both locations, 

10 different sampling points were randomly selected within the 

two sites. Each dot represents the specific location of a sample 

and the colors represent the water content ranging from 49,01 

% (green) to 68,98 % (red)   
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Discussion  

The present study aimed to deepen the knowledge about TBEV transmission, with a focus on both 

biotic and abiotic factors such as host and habitat preferences. In total, 903 ticks were collected 

from Änggårdsbergen and Sisjön, in which 471 ticks were collected from sites within 

Änggårdsbergen and Sisjön known to be TBEV positive. Yet, none of the ticks collected in the 

project gave a positive result for TBEV. A former, similar, study showed that from 56 collected 

females, two female ticks tested positive for TBEV. The ticks were collected in the same area of 

Svartmossen, in Sisjön. This revealed that MIR for the female ticks collected were 1.79 %, which 

is one positive pool out of 56 (Fallbäcken, 2016). Result of TBEV frequency is not presented as a 

percentage set from the number of infected ticks out of a tick population but as the Minimum 

Infection Rate (MIR), see Equation 2. This method assumes that only one tick is infected within in 

a pool but is considered acceptable for viruses with such low prevalence as TBEV. In the present 

study, only 11 female ticks were collected from Svartmossen, the TBEV positive area in Sisjön, 

and only 16 female ticks were collected from the TBEV positive site in Änggårdsbergen, 

Finnsmossen. Given a MIR of 1.79 % out of female ticks, as indicated by Fallbäcken (2016), 11 

and 16 ticks represent very small sample sizes with the resulting low probability to capture ticks 

within the 1.79 % MIR of TBEV. Hence, since the frequency of the virus within the tick population 

is very low, it is, based on our results, therefore impossible to determine whether the TBEV 

prevalence has decreased in the two known TBEV positive sites, Finnsmossen and Svartmossen 

based on these results. No TBEV positive ticks were collected from the negative control sites 

(Axlemossen and Sisjön western shore) either. While this is promising as it provides additional 

support that TBEV has not yet become established within these areas, it is worth to consider the 

potential of a very low frequency of ticks carrying TBEV also in these areas, similar to the TBEV 

positive sites. In such cases, the probability of collecting ticks with TBEV is very low and likely 

require much larger sample sizes than in the present study to get a broader and more powerful 

picture of the situation. The general MIR is 0,23% and of northern Europe only slightly higher at 

0,28% as stated by a review of all published TBEV prevalence data between 1958-2011 

(Pettersson, et al., 2014). Combining the very low infection rate of TBEV in the vector I.ricinus 

(0,23%) and the small sample size in this study should minimize the risk of false negatives in the 

RT-qPCR analysis.  

 

Equation (2).  𝑀𝐼𝑅 (%) =
𝑝

𝑁
 ∙ 100 

 

None of the rodents collected in this study showed positive results for TBEV. However 

TBEV has previously been found in the brains of Bank voles (Myodes glareolus) (Nuñes, D.E., 

2013). The study was carried out on the south shore of lake Vänern, near Kållandsö which is a 

previously described hot spot for TBEV. Three TBEV positive voles were found behind the house 

of a patient that was a known TBEV case (Nuñes, 2012). Also in Finland during winter, TBEV has 

been confirmed in voles (Tonteri et al., 2009). In the present study only two bank voles (Myodes 

glareolus) were caught, and both were caught in the negative control sites of respective location, 

Axlemossen in Änggårdsbergen and Sisjön western shore in Sisjön. To gain more confidence and 

support for the theory that rodents have an impact on TBEV prevalence, more data need to be 

collected. This includes collecting more data from rodents over all, but based on previous studies, 

special focus should be on voles. Future studies should therefore be designed to aim for the 

collection of voles, e.g., by formatting traps specifically designed to trap and catch voles. Another 

suggestion is to look in to reasons that Bank voles only were caught in Axlemossen, could there by 

a preferred habitat for these? Could it be that both positive and negative control site are similar in 

many aspects that fits the habitat profile for the Bank vole. These results are contradictive to the 

hypothesis of rodents, especially voles, importance to TBEV prevalence and an important part of 
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the virus’ life cycle. Had the results been the opposite, Bank voles only collected in TBEV positive 

sites this would have supported the theory of their importance in the TBEV lifecycle. 

Unfortunately, it is hard to tell from the data collected in this study since only seven rodents were 

caught in total since it could just be a coincidence that Bank voles only were caught in the negative 

control site. It should also be noted that in the study performed by lake Vänern the sample size was 

very small (n=8) (Nuñes, 2012). The first found of a TBEV infected tick was found in 2006 in the 

area south of Vänern, the same as for where the rodents were caught. For Finnsmossen, 

Änggårdsbergen, the first case of TBE that caught the disease was in 2008, however tick collection 

resulted in no TBEV positive ticks (Pettersson, 2014). It could be a difference in these two years 

that allowed for settlement within the vole population in the Vänern area but not in 

Änggårdsbergen. When looking at the soil chemical properties we found two significant results 

regarding the soil pH. For the Sisjön area a significant interaction between sampling date and 

sampling site was detected. This tells us that the soil pH changes differently for the two different 

sites during the period. pH of the soil is affected by several different things, amongst others by the 

soil water content. However, soil water content was not significantly different between the TBEV 

positive and negative sites in Sisjön and did not change in different fashions within the two sites 

across sampling dates. This means that something else is likely responsible for the difference in pH 

across sampling sites and dates in Sisjön. One possible explanation is the amount of sphagnum 

present in the area. Sphagnum moss acidify the soil by cation exchange. That is, the tissue of the 

moss releases hydrogen ions to the surrounding soil and water in exchange for alkaline cations 

from the soil (see equation 3). This leads to a continuous decrease in soil pH. 

 

Equation (3).  𝑅 − 𝐶𝑂𝑂 − 𝐻+ + 𝑁𝑎+𝐶𝑙− < − > 𝑅 − 𝐶𝑂𝑂 − 𝑁𝑎+ + 𝐻+𝐶𝑙− 

 

Besides a significant interaction, a significant difference between the negative control site and the 

TBEV positive site in Sisjön was also found. This difference appear to be most pronounced before 

the fourth date of sampling (i.e., the before the 21st of April) when pH is higher for the TBEV 

positive site, Svartmossen, compared to the negative control site, Sisjön western shore. Also seen 

in figure 4, there is a quite pronounced change the TBEV positive sites of Sisjön and 

Änggårdsbergen during the fourth date (21-04-2020). To test the pH a manual pH-probe is used 

which needs to be calibrated in order to function properly. Thus, a mistake in calibration can lead 

to unreliable and false data, which could have been the case for the 21st of April samples tested in 

the present study, since the pH measurements on this date are almost identical across all four 

sampling sites. Another run of statistics was therefore performed after removing the data points 

from the fourth date. Results from this test showed a significant difference between the negative 

control site and the TBEV positive control site for both Änggårdsbergen and Sisjön. However, 

when looking at the graph of the pH, figure 4, the TBEV positive site in Änggården, Finnsmossen, 

had a slightly lower pH than the negative control site, Axlemossen. This is the contrary to what 

was observed in Sisjön in which the TBEV positive site Svartmossen had a higher pH than the 

negative control site the western shore. Therefore, our data do not provide sufficient evidence 

whether the TBEV prevalence is affected by soil pH. The primary data, i.e., when the fourth date 

is included in the statistical model, suggests that TBEV prefers a slightly higher pH, above 4.5.   

For the soil water content no significant results were detected. However, there is a non-

significant tendency towards higher soil water content in the TBEV negative site, Axlemossen 

compared to the TBEV positive site Finnsmossen in Änggårdsbergen. Additionally, the soil water 

content also appear to be more stable for the TBEV positive site than for the negative control. Also 

during the fourth and sixth sampling dates (21st of April & 21st of May) there is a peak soil water 

content, an indication for bad drainage during these dates.  

In conclusion, TBEV prevalence have rapidly expanded with more hotspots occurring in 

Sweden the last decades and is becoming one of the most important viral infectious diseases in the 
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country. The present study failed to characterize a profile habitat for the TBEV since the only 

significant results concerned soil pH for one of the areas. More information is needed regarding 

different factors that affect preferred habitats of the viruses. The study also failed to connect 

specific species of rodents, as well as rodents in general as a host organisms for TBEV. However, 

our sample sizes were insufficient and more extensive studies are needed to further investigate this. 

Finally, abiotic factors could not be connected with the TBEV frequency between different areas 

since the only differences observed concerned pH in the Sisjön area. 
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