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1. Declaration of work 

 

This master thesis work was part of a project “Mekri 2018” which was done in 

research team where I was involved in every part except in the mosquito identification 

and in the Next Generation Sequencing parts. 

 

2. Background of the master thesis project 

 

In summer 2018 I took a part in an arbovirus project called “Mekri 2018”. In this 

project research team went to Ilomantsi region to collect mosquitoes for arbovirus 

research. The Ilomantsi region was chosen as a collection site based on previous data 

and because Ilomantsi region is known as an endemic region for Sindbis virus. Later 

in the fall when the mosquito and human samples for this study were analyzed we got 

preliminary results indicating that we have Sindbis virus positive samples and it was 

decided that this “Mekri 2018” project would be suitable for a master thesis project.  

3. Aims of the master thesis 

 

The aims of this the master thesis are:  

• To generate more sequence data of Sindbis virus in Finland,  

 

• To describe the process of isolating and characterizing two new Sindbis virus 

strains from field collections to laboratory analysis,  

 

• To compare the obtained two new Sindbis virus strains isolated from two 

different source materials from 2018,  

 

• To study how these two new Sindbis virus strains are related to previous 

Finnish Sindbis virus strains as well as to other Sindbis virus strains around the 

globe.
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4. The literature review  

 

4.1 Definition of arboviruses 

Sindbis virus is an arbovirus. Weaver et al. defines arboviruses as arthropod-borne virus 

which are transmitted by blood-feeding arthropod vectors (Weaver et al. 2010). Barzon lists 

these arthropod vectors “such as mosquitoes, ticks, sandflies, and midges” (Barzon 2018).  

 

4.2 Taxonomy of Alphavirus genus 

 

Sindbis virus (SINV) belongs to the Alphavirus genus and to the Togaviridae family (figure 

1) (International Committee on Taxonomy of Viruses (ICTV) 2019). Alphavirus genus 

members have been traditional classified either to the “Old World” group or to the “New 

World” group based on their geographical origin  (Jose et al. 2010). Roughly simplifying, the 

Old World alphaviruses e.g. Sindbis virus causes typically rash and arthritic symptoms 

whereas the New World alphaviruses e.g. Venezuelan equine encephalitis virus (VEEV) 

causes encephalitis (Jose et al. 2010).  Alphaviruses can be divided to six serogroups based 

on their antigenic properties (Jose et al. 2010).

 

Figure 1. All current members of Alphavirus genus as classified by ICTV. 
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4.3 SINV genome and proteins 

4.3.1 Structure of the genome 

  

Sindbis virus genome consists of single-stranded positive sense RNA (11.7 kB) (Tang et al. 

2011). The genome has a cap0 structure in the 5’ end and a poly(A) tail in the 3’ end (Rupp et 

al. 2015; Pietilä et al. 2017). The genome can be divided into two parts, to the genomic (49S 

RNA) part and to the subgenomic part (26S RNA) as seen in figure 2 (Strauss et al. 1984). 

Each of the parts contains one open reading frames (ORFs) indicating that the genome is 

transcribed in two different parts  (Adouchief et al. 2016; Rupp et al. 2015). The genomic 

RNA encodes non-structural proteins that are crucial for the RNA synthesis, while the 

subgenomic part encodes all the structural proteins needed in the formation of viral particles 

(Pietilä et al. 2017; Rupp et al. 2015). Rose et al. found that the receptor for SINV “is natural 

resistance-associated macrophage protein (NRAMP)” (Rose et al. 2011). SINV enters into 

the cells by using clathrin-coated vesicles, the replication happens in the cytosol and the virus 

exists the cells via budding (Rose et al. 2011; Brown et al. 2018; Jose et al. 2010). 

 

 

Figure 2. Diagram showing SINV genome’s structure and proteins encoded. Adapted from 

Pietilä et al. 2017.  

 

4.3.2 The nsP1 protein 

 

The nsP1 protein (approximately 60 kilodaltons [60kDa]) has a methyltransferase (MTase) 

and a guanylyltransferase (GTase) domains in its N-terminal part (Rupp et al. 2015).The 

main function of the nsP1 is to promote the capping of 5’ ends of newly synthesized genomic 

and subgenomic RNAs. The MTase and the GTase activities of the nsP1 protein are both 
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responsible for the capping reaction (Rupp et al. 2015).    

 

4.3.3 The nsP2 protein 

 

Rupp et al. describes that the nsP2 protein (size approx. 90 kDa) has three domains, in the N-

terminal region a helicase domain with nucleoside triphosphatase (NTPase) activity, in the C-

terminal protease domain and a methyltransferase (Mtase) like domain (Rupp et al. 2015). 

The nsP2 has four different functions depending on the situation. The functions are: helicase 

function, RNA triphosphatase (RTPase) function, protease function, and as a host 

macromolecular synthesis disruptor.(Rupp et al., 2015.)  

 

The nsP2 protein can act as a multifunctional protein and it’s the most important job is to act 

as an protease.  The nsP2 protein has a protease activity in its C-terminal domain and during 

the replication of genome, the nsP2 protein uses its protease activity to cleave out the nsP4 

protein from the early formed polyprotein (Rupp et al. 2015). If this cleaving fails the RNA 

synthesis seizes (Rupp et al. 2015; Pietilä et al. 2017). In addition to these functions some 

other functions have been proposed for the nsP2 protein, for example as a virulence factor 

(Rupp et al. 2015; Assunção-Miranda et al. 2013).  

 

4.3.4 The nsP3 protein 

 

Compared to the nsP1 and the nsP2 proteins, the nsP3 protein (size approx. 60 kDa) is not 

that well studied (Rupp et al. 2015). According to Rupp et al. many studies have elaborated 

the function of the nsP3 protein but the precise function still remains unclear (Rupp et al. 

2015). There have been indicators that the nsP3 protein is essential for RNA replication 

process but other the nsP3 functions are not that well known.(Rupp et al. 2015.)  

 

Rupp et al. describe that the nsP3 protein consists of three domains, the macrodomain, 

alphavirus unique domain (AUD) and the hypervariable region (Rupp et al. 2015). The nsP3 

protein’s macrodomain has nucleic acid binding and phosphatase capabilities and the 

alphavirus unique domain is conserved and it has sequence homology with all other 

alphaviruses in the genus (Rupp et al. 2015). The hypervariable region is in the C-terminal 

domain of the nsP3 protein and it can be thought as an opposite of AUD as it is not conserved 
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among alphaviruses whereas AUD is (Rupp et al. 2015). In shortly it can be seen as a 

variable region of the nsP3 protein between different alphaviruses (Rupp et al. 2015). The 

nsP3 protein’s N-terminal part is also conserved in the Alphavirus genus (Rupp et al. 2015).  

There has been propositions that hypervariable region might play a key-role in the virus-host 

interactions and have a major role in the pathogenesis (Rupp et al. 2015). 

4.3.5 The nsP4 protein 

 

The nsP4 protein (size approx. 70 kDa) is the most important non-structural protein because 

it is exclusively responsible for the RNA synthesis (Rupp et al. 2015). The RNA synthesis 

can’t progress without the nsP4 protein even if the other non-structural proteins are present. 

The nsP4 protein consists of core RNA-dependent RNA polymerase (RdRp) domain and 

motifs (Rupp et al. 2015). 

4.3.6 The E1 glycoprotein 

 

The E1 glycoprotein (size approx.47 kDa) is one of the two surface proteins of SINV which 

forms the outer protein shell of the virus (Tang et al. 2011; Jose et al. 2010). The E1 proteins 

ectodomain part can be divided to three β-barrel domains (Jose et al. 2010). The domain I has 

the N-terminal part, the C-terminal part lies in domain III and the fusion peptide part is 

located at the end of domain II (Jose et al. 2010). The E1 protein has transmembrane helix 

part which binds the protein to the host derived lipid membrane (Jose et al. 2010).  

 

The function of the E1 protein is to fuse viral membrane to the host membrane (Li et al. 

2010). When the E2 protein has bound to the host cells receptor, the SINV enters the cell by 

using clathrin-mediated entry way which leads viral particle to be surrounded by an 

endosome (Kielian 2010; Li et al. 2010; Adouchief et al. 2016). In the endosome low pH 

triggers conformational changes in the spikes proteins consisting of E2/E1 and this will 

eventually lead to separation of the E2 and the E1 proteins (Li et al. 2010; Kielian 2010). The 

E1 homotrimers are formed and the E1 proteins fusion peptide is revealed and inserted into 

the endosome membrane (Li et al. 2010; Kielian 2010). This leads to a fusion between viral 

and host endosome membrane which allows viral genome to be released into the host cell (Li 

et al. 2010; Kielian 2010).    
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4.3.7 The E2 glycoprotein 

 

The E2 glycoprotein (size approx. 46 kDa) is the second surface protein which forms the 

outer protein shell with the E1 protein (Tang et al. 2011). The E2 protein consists of three 

domains,  in the N-terminal region is domain A, in middle there is domain B and in the C-

terminal region there is domain C (Li et al. 2010). The E2 protein has a long stem-like 

structure where the domain C is located close to the viral membrane, whereas the domain A 

is located in the centre of the stem (Li et al. 2010). It has been proposed that the domain B is 

located on the top of the E2 stem forming the tip of the protein (Li et al. 2010). The E2 

protein has a transmembrane helix that fastens it to host derived lipid membrane (Jose et al. 

2010).  

 

The E2 protein acts as a guardian for the E1 protein. Because the E1 protein has the pH 

sensitive fusion loop, the E2 protein folds and the E2 protein’s domain B surrounds the E1 

protein’s fusion loop and protects it at neutral pH (Li et al. 2010). The E2 protein also acts as 

a receptor for the virus and is responsible for initiating the infection (Li et al. 2010). 

Mutations in the E2 protein have been associated for example with increased neurovirulence 

in mouse models and as a factors affecting how well the virus is capable to infect mosquitoes 

(Jose et al. 2010). 

 

4.3.8 The E3 protein 

 

The E3 proteins (size approx. 7 kDa) function is to help the spike formation of the E2 and the 

E1 proteins (Tang et al. 2011; Jose et al. 2010). The E3 protein has a signal sequence in it 

which guides the immature structural polyprotein to the endoplasmic reticulum (ER) during 

the replication (Jose et al. 2010). After that the E3 protein is cleaved out from the polyprotein 

pE2, then it helps the pE2 to fold correctly by stabilizing the E1 protein (Jose et al. 2010). If 

the E3 protein is not cleaved out of the polyprotein pE2, the forming spike proteins do not 

have functioning the E1 protein. This causes the forming virion particles to bind to the cell-

surface (Jose et al. 2010).  
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4.3.9 The capsid protein (CP) 

 

The capsid protein (CP) (size approx. 30 kDa) is responsible for the formation of SINVs 

inner nucleocapsid with RNA (Mendes et al. 2018). In the C-terminal region lies the protease 

activity of CP (Mendes et al. 2018; Jose et al. 2010). Without the protease activity the 

structural polyprotein wouldn’t end up mature. In the article written by Mendes and 

colleagues they describe how the protease activity function as “a chymotrypsin-like serine 

protease” event (Mendes et al. 2018). The C-terminal region has an interesting way to use its 

protease activity only once (Mendes et al. 2018). This means that CP cleavage happens only 

once in one polyprotein and after that the its C-terminal regions protease activity is not 

capable to cleave anything. This single-use cleavage is due to a tryptophan at the position of 

264 (Mendes et al. 2018). After the self-cleavage has happened the tryptophan is inserted into 

the active site (Mendes et al. 2018). This action blocks the cleavege function of the CP 

protein and prevents future self-cleavage (Mendes et al. 2018).  

 

4.3.10 The 6K/TF protein 

 

The researchers studying the alphavirus proteins have assumed that the structural protein the 

6K is just a small protein and its function and meaning have long remained vague (Ramsey et 

al. 2017). In 2008 team of bioinformatics made a discovery of the 6K protein that was 

actually two very similar proteins instead of being one protein (Ramsey et al. 2017; Firth et 

al. 2008). This new type of 6K protein was named as transframe protein (TF) (Ramsey et al. 

2017; Firth et al. 2008).  

 

The only difference between the 6K (size approx. 6 kDa) and the TF is “their unique C-

terminal ends” (Ramsey et al. 2017). Otherwise they both consists of “identical N-terminal 

transmembrane domain and a short cysteine-rich cytoplasmic loops” (Ramsey et al. 2017). In 

the 6K gene there is a heptanucleotide slippery sequence (—1 ORF ) which can cause a 

ribosomal frameshifting event leading to the generation of the TF protein (Ramsey et al. 

2017). When the ribosome is translating the gene encoding the 6K protein, it bumps into a 

heptanucleotide slip site “followed by a poorly defined spacer and a stable secondary 

structure” (Ramsey et al. 2017). All this leads to the production of the TF protein (Ramsey et 

al. 2017). When the TF protein is produced, no E1 proteins are produced. The cause for this 
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event is not yet fully understood (Ramsey et al. 2017). The 6K protein and the TF protein 

have versatile roles. The most important roles for the 6K protein are related to glycoprotein 

spike maturation and regulating the membrane permeability by acting as a viroporin  

(Ramsey et al. 2017). It has been proposed that the TF protein has a role as a virulence factor. 

When TF is not present, the virulence is decreased.(Ramsey et al. 2017.)  

 

4.4 SINV structure 

 

Sindbis virus particles have spherical shape and diameter of one SINV particle is 

approximately 700 angstrom (Å) (Tang et al. 2011). SINV particles have icosahedral 

symmetry where the E1, E2 and CP proteins (240 copies of each) are arranged in T=4 

symmetry (Jose et al. 2010; Mendes et al. 2018).  

 

SINV particle consists of two protein shells, inner and outer, and a host derived lipid 

membrane between these shells (Mendes et al. 2018; Jose et al. 2010).  The inner shell is the 

nucleocapsid core and it consist of viral RNA and 240 copies of capsid protein (CP) (Mendes 

et al. 2018). The single-stranded RNA genome consists of the genomic (49S) RNA which is 

packed inside to the nucleocapsid core (Mendes et al. 2018). The 26S subgenomic RNA is 

not packed inside the nucleocapsid core (Mendes et al. 2018). Between the inner and the 

outer shell there is a lipid membrane derived from the host cell (Vaney et al. 2013; Tang et al. 

2011). The outer shell consists of 240 copies of E1 and E2 glycoproteins which form 80 

spikes on the surface of the virus (Jose et al. 2010). Each spike contains three copies of the 

E1 and three copies of the E2 heterodimers (Jose et al. 2010). The E2 proteins carboxy-

terminal domain fastens the E2 and the E1 surface proteins to the internal nucleocapsid core 

(Jose et al. 2010).   

 

4.5 History of Sindbis virus 

 

4.5.1 Origin of Sindbis virus 

 

The best way for an unknown virus to announce its presence among mortals is to cause a 

large-scale epidemic. Sindbis virus was identified in 1952 in Egypt and named after a Sindbis 
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village “in the Nile River delta” area (Kurkela, Rätti, et al. 2008; Sane et al. 2009). In the 

1961 researchers managed to isolate SINV from blood samples in Uganda and couple years 

later it was also isolated from skin lesions in South Africa  (Adouchief et al. 2016). In 1963 

South Africa had its first epidemic of SINV the spill over was detected in 1965 in Europe 

(Brummer-Korvenkontio et al., 2002). That was also the year when antibodies against SINV 

were found in healthy adults in Northern Italy and in Finland (Brummer-Korvenkontio et al. 

2002). The antibodies were also found in birds in the delta region of Volga in Russia 

(Brummer-Korvenkontio et al. 2002). In 1974 South Africa had a large SINV epidemic and 

similar kind of epidemic was detected in Finland (Brummer-Korvenkontio et al. 2002). The 

first clinically ill patients were identified in Finland during 1974’s  (Jalava et al. 2012). 

 

4.5.2 Sindbis virus in Finland  

 

Even though SINV originates from Egypt and has spread globally (excluding the Americas), 

it has only been recorded to cause disease in South Africa, China, Australia, Sweden (known 

as Ockelbo disease), Russian Karelia (known as Karelian fever) and in Finland (Kurkela, 

Rätti, et al., 2008). SINV was first discovered in Finland in 1965 when Pekka Saikku found 

antibodies against SINV from healthy individuals (Kurkela et al. 2002). The first Finnish 

SINV epidemic took place in 1974 in the eastern part of Finland, in the Ilomantsi region 

(Kurkela et al. 2002). During that outbreak local doctor Pasi Kuusisto noticed that patients 

had similar symptoms like rash and arthritis. He named the new disease “Pogosta 

disease”(Kurkela et al. 2002). “Pogosta” means the centre of Ilomantsi region  (Kurkela et al. 

2002). Later in 1980 the link between Pogosta disease and SINV was established by 

conducting antibody experiment (Kurkela et al. 2002).  Kurkela and colleagues succeed to 

isolate the causative agent of Pogosta disease from patients’ blood and skin lesions in 2002 

(Kurkela et al. 2004). The causative agent in all cases were SINV (Kurkela et al. 2004).  

 

The Sindbis virus was noticed to have a 7-year cycle in Finland. SINV caused larger 

epidemics by every seventh year and between these peak years it caused some minor 

epidemic.(Jalava et al., 2012.) Large epidemics occurred in 1974, 1981, 1988, 1995, 2002 

and in 2009 (Adouchief et al. 2016). It was hypothesized that the 7-year cycle could have 

been related to the Tetrao bird population dynamics (Brummer-Korvenkontio et al. 2002). 
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4.6 Pogosta disease 

4.6.1 Symptoms of Pogosta disease 

 

Typically Pogosta disease occurs in late summer from August to September (Sane et al. 

2009). Majority of the Pogosta cases go under detected because the clinical symptoms are 

mild and people do not tend to seek medical attention (Kurkela et al. 2005). Typically the 

first symptoms of Pogosta disease breaks out on average of four days after exposure (range 

varying from 2 to 18 days) and lasts approximately for two weeks (Adouchief et al. 2016). 

Viremia is considered short (Sane, Kurkela, Levanov, et al. 2012). Typically IgM antibodies 

are detected after the first week of infection and IgG antibodies usually after 11th day 

(Kurkela et al. 2005). The IgG antibodies’ peak is usually detected after one year of exposure. 

It is hypothesized that IgG antibodies could induce lifetime protection against 

SINV.(Adouchief et al., 2016.) 

 

Pogosta disease symptoms can be categorized acute or persistent.  The symptoms of acute 

phase are joint pain, rash, itching, tiredness, mild fever, headache, and muscle aches (Sane et 

al., 2009). Some patients have reported “also have malaise, nausea, lymphadenopathy and 

dizziness (Adouchief et al. 2016)”. 

 

Rash and joint symptoms are the two hallmark symptoms of Pogosta disease which occur 

nearly in all patients. The rash is described first to appear as macules that later on develop to 

papules (Sane et al., 2009). Papules can be either small or they can form vesicles  (Sane et al., 

2009). Rash is described to be itchy and skin lesions can form (Sane et al., 2009). Typically, 

rash is detected in all over the body excluding the facial area (Sane et al. 2009). Persistent 

symptoms, such as joint pain and myalgia, are common among Pogosta disease patients and 

they can be long lasting (Kurkela, Helve, et al. 2008). 

 

Kurkela and colleagues conducted a follow-up study where they re-examined previously 

infected patients with SINV. Follow-up study was done three years after the patients had 

been diagnosed with SINV infection.(Kurkela, Helve, et al., 2008.) Their findings suggest 

that SINV can cause persistent join pains (Kurkela, Helve, et al. 2008). As many as 24.5 % of 

the study group (n = 49) reported to suffer from joint pain after three years of infection 



15 
 
 

(Kurkela, Helve, et al. 2008).  

 

The prevalence for join pain is relatively high in acute ill patients. Adouchief and colleagues 

state that joint pain occurs nearly in all patients (95-100% of patients). (Adouchief et al., 

2016.) It has been reported that patients suffer pain in ankle (83%), wrists (72%), and in knee 

(63%) joints (Sane et al. 2011). The joint pain is considered to be painful even tough in some 

cases no visible joint inflammation symptoms are detected (Sane et al. 2009).    

4.6.2 Molecular disease mechanism behind the long-lasting symptoms of Pogosta disease 

 

Even though people are affected by Pogosta disease annually and the disease burden can be 

considered significant, the research focusing on unravelling the molecular disease mechanism 

of SINV induced arthritis is still in its infancy phase. The focus point of alphavirus induced 

arthritis research has mainly been on Ross River (RRV) and Chikungunya (CHIKV) viruses. 

The reason for this focus might be due to large epidemics caused by RRV and CHIKV 

compared to SINV which has caused smaller outbreaks in few endemic regions.(Assunção-

Miranda et al. 2013.) 

 

The general view of alphavirus induced arthritis disease seem to consist of two main ideas, 

one from the virus induced cell damage and the other from damage due to immune response. 

Starting with the virus induced damage point of view, Heise and colleagues were interested to 

see does SINV replicate in bones or in the joints (Heise et al. 2000). In their study they used a 

specific SINV mouse model and they were able to show SINV’s tendency to replicate itself 

in the endosteum and in the periosteum of the ends of long bones next to joints e.g. in femur 

(Heise et al. 2000). These results highlight that SINV is capable of replication in the bone 

tissue (Heise et al. 2000). 

 

Myalgia is one of the long-lasting symptoms associated with Pogosta disease (Sane, Kurkela, 

Desdouits, et al. 2012). Sane and colleagues made a unique study by using a muscle biopsy 

specimen from patient with chronic arthritis and myalgia in order to study pathogenesis of 

myalgia (Sane, Kurkela, Desdouits, et al. 2012). From the muscle biopsy specimen, they were 

able to detect factors indicating regeneration from previous necrotic lesions possibly caused 

by SINV (Sane, Kurkela, Desdouits, et al. 2012). Sane and colleagues failed to detect any 
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SINV RNA or antibodies from the muscle biopsy specimen mainly due to sample being old 

because the biopsy sample was taken 6 months after infection (Sane, Kurkela, Desdouits, et 

al. 2012). Authors also highlighted the possibility that the necrotic muscle damage could be 

done by secondary immune response caused by SINV (Sane, Kurkela, Desdouits, et al. 2012). 

Sane and colleagues also studied SINV’s capability to infect in vitro muscle cells, more 

specific myoblasts and myotubes (Sane, Kurkela, Desdouits, et al. 2012). They found out that 

SINV is capable to propagate in the myoblasts and in the myotubes slightly favouring the 

myoblast for undiscussed reasons (Sane, Kurkela, Desdouits, et al. 2012). From these results 

they concluded that the damage done to the muscle could be caused by SINV or SINV 

induced immune response. They also highlighted SINV’s ability to propagate itself in the 

muscle cells.(Sane, Kurkela, Desdouits, et al., 2012.) 

 

The immune response has been thought to have a role in alphavirus induced arthritis 

(Assunção-Miranda et al. 2009). In a study made by Assunção-Miranda and colleguaes, they 

looked into how human macrophages could be infected with SINV because macrophages are 

known to have a key role in arthritis (Assunção-Miranda et al. 2009). Their key findings were 

that SINV is capable to infect and propagate in human macrophages (Assunção-Miranda et 

al. 2009). Year 2011 Rose and colleagues proved that SINV’s receptor is indeed natural 

resistance-associated macrophage protein (NRAMP) which demonstrates SINV’s capability 

to infect macrophages (Rose et al. 2011). In their study Assunção-Miranda and colleagues 

also showed that macrophages infected with SINV secrete more cytokine factors which are 

associated with rheumatoid arthritis. More specific they noticed increased levels with 

interferon alpha (IFN-α), tumor necrosis factor alpha (TNF-α), interleukins 1β and 6 (IL-1β 

and IL-6), migration inhibiting factor (MIF) and with matrix metalloproteinases (MMPs) 1 

and 3.(Assunção-Miranda et al. 2009.) 

 

These factors are known to have versatile roles in rheumatoid arthritis as MIF is known to 

stimulate macrophages to secrete more TNF-α, IL-1β and IL-6 as well as induce expression 

of MMP-1 and MMP-3 (Assunção-Miranda et al. 2009). The cytokines (TNF-α, IL-1β, IL-, 

IFN-α) are known to for recruit more cells to synovium, promote metalloproteinase release 

and advance joint inflammation and arthritis (Assunção-Miranda et al. 2009). The authors 

propose that these results indicate the similarities between rheumatoid arthritis and arthritis 

caused by alphaviruses (Assunção-Miranda et al. 2009). 
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Other factors explaining the arthritic damage caused by immune response have been 

proposed. Sane and colleagues looked how prevalent HLA factors associated with 

rheumatoid arthritis were among group of patients which had chronic SINV caused arthritis 

because HLA factors are known to be associated with certain diseases e.g. rheumatoid 

arthritis (Sane, Kurkela, Lokki, et al., 2012, Vaarala et al. 2011, p. 304-344). In their study 

they found out that HLA class II allele DRB1*01, which has been associated with rheumatoid 

arthritis, was more prevalent among the patients that have been infected with SINV compared 

to control group (Sane, Kurkela, Lokki, et al. 2012). Their findings suggest that HLA class II 

allele DRB1*01 could be related to long-term symptoms caused by SINV and they 

emphasised that these prevalent alleles could be one explanatory factor among other factors 

contributing to the arthritic disease (Sane, Kurkela, Lokki, et al. 2012). 

 

To summarize, it seems that the alphavirus induced arthritis could consist of two parts, the 

initial virus induced damage and the damage due to immune response. Researchers have 

found some of SINV’s key roles supporting this hypothesis as SINV is noticed to be able to 

infect bone cells in mouse model, muscle cells in in vitro study and macrophages leading to 

induced cytokine production HLA types are also noted to play a role in SINV induced 

arthritis. All these factors presented here contribute to the formation of arthritis disease but 

still there is some key factor missing and more research is needed on unravelling the 

molecular disease mechanism of Alphavirus induced arthritis.(Assunção-Miranda et al. 2009; 

Sane, Kurkela, Desdouits, et al., 2012; Sane, Kurkela, Lokki, et al., 2012; Assunção-Miranda 

et al. 2013.). 

  

4.7 SINV host and vector species and their role in SINV transmission 

4.7.1 Mosquitoes as vectors 

 

SINV has been isolated from ornithophilic mosquitoes Culex (Cx) pipiens/torrentium, 

Culiseta (Cs.) morsistans, Aedes (Ae.) cinereus, Aedes spp., in the northern Europe and in 

Germany SINV has been isolated from Culex spp. and from Anopheles maculipennis sensu 

lato  (Hesson et al. 2015; Bergqvist et al. 2015a; Adouchief et al. 2016; Jöst et al. 2010). 

While in South Africa and in Australia it has been isolated from Cx. unvittatus, Cx. pipiens, 

Cx. theileri mosquitoes (Adouchief et al. 2016). It seems that the mosquito species vary from 
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continent to continent and this can also be seen from table S3 where the SINV whole genome 

sequences information is presented. But it is still unknown what are the exact vector species 

for SINV. 

 

In Sweden there has been studies that clarify SINV vector species. Bergqvist and colleagues 

were able to isolate pathogenic SINV strain from C. morsistans which was responsible for 

2013 outbreak in non-endemic area in Sweden (Bergqvist et al. 2015).  

Tingström and colleagues looked at the role of mosquito larvae in SINV lifecycle as they 

were interested in seeing if the mosquito larvae could harbour SINV (Tingström et al. 2016). 

They collected larvae samples a year after the Swedish 2013 outbreak near the regions where 

the highest number of clinical cases were reported (Tingström et al. 2016).  They manage to 

detect SINV RNA from larvae belonging to Ochlerotatus communis, Ochlerotatus punctor 

and Ochleroratus diantaeus mosquito species (Tingström et al. 2016). In 2015 they examined 

larvae samples from the same region and found no larvae to be SINV positive (Tingström et 

al. 2016). They concluded that it is possible for SINV to be transmitted transovarially 

(Tingström et al. 2016). They proposed that SINV could survive overwinter by hibernating in 

mosquito eggs and later amplify when eggs develop to larvae (Tingström et al. 2016). 

 

Hesson and colleagues studied the role of Culex torrentium and Culex pipiens in SINV 

transmission (Hesson et al. 2015). They highlighted the importance to differentiate Cx. 

torrentium and Cx. pipiens from each other as they are shown to have differences in vector 

competence (the female Cx. pipiens and Cx. torrentium cannot be morphologically 

differentiated)  (Hesson et al. 2015). Based on laboratory experiments, Cx. torrentium seems 

to be more suitable vector for SINV compared to Cx. pipiens (Hesson et al. 2015). Hesson 

and colleagues determined the natural SINV infection rate for Cx. torrentium and for Cx. 

pipiens mosquitoes that were collected from wildness (Hesson et al. 2015). Their findings 

suggest that Cx. torrentium has higher infection rate (36/1000) compared to Cx. pipiens  

(8/1000) (Hesson et al. 2015). They explained these high infection rates based on their 

methods where they analysed single mosquitoes instead of pooling them together (Hesson et 

al. 2015). Hesson and colleagues proposed that Cx. torrentium is the primary vector for SINV 

in the Scandinavia (Hesson et al. 2015).   

 

In Finland there has been propositions that late summer mosquitoes from Culex and Culiseta 
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genera could be the vector species for SINV, but more specific studies are needed (Sane, 

Kurkela, Putkuri, et al. 2012). In the study conducted by Sane and colleagues they were able 

to isolate the first Finnish SINV strain from mosquito (Sane, Kurkela, Putkuri, et al. 2012). 

They couldn’t identify the mosquito species, but they were able to amplify COI sequences of 

the tested mosquito pool and the results suggested the pool to represent Oclerotatus spp.  

4.7.2 Birds have wide role in the SINV lifecycle 

 

It has been presented that SINV is one of the most widely distributed arbovirus around the 

globe (excluding the Americas) because SINV has been isolated from multiple different 

species e.g. from frogs, ticks, birds, mosquitoes and from humans in different continents 

(Kurkela, Rätti, et al. 2008). Birds are known to have a major role in spreading and 

maintaining SINV and birds can be thought as local amplifying hosts and as intercontinental 

vectors (Eiden et al. 2014; Lundström et al. 2010).  

In order to see what kind of bird species could be infected with SINV, typically antibodies 

are investigated. Based on various studies screening antibodies against SINV in birds, SINV 

has been detected from multiple different species ranging from Galliformes to migratory 

birds (Juřicová et al. 2009; Hesson et al. 2016; Kurkela, Rätti, et al. 2008).  

 

In Czech Republic multiple different bird species were screened for antibodies against SINV 

and for other arboviruses (Juřicová et al. 2009). They screened 141 birds and found only one 

bird to have antibodies against SINV, the Sedge warblers (Acrocephalus schoenobaenus) 

(Juřicová et al. 2009). The SINV antibody levels were low in Czech Republic compared to 

the northern part of Europe where high antibody levels have been detected (Lundström et al. 

2001; Kurkela, Rätti, et al. 2008). 

 

In Sweden, Hesson and colleagues screened 963 birds in 2002 to 2004 and in 2009 for 

antibodies against SINV (Hesson et al. 2016). They found that 193 birds had antibodies 

against SINV, majority of them belonging to Passeriformes (191/193) and only two birds 

belonging to Charadriiformes and Piciformes (Hesson et al. 2016).  They also found out the 

antibody prevalence against SINV to vary over the collection years (Hesson et al. 2016). “In 

2002 the antibody prevalence was 2%, in 2003 8%, in 2004 14% and in 2009 37% (Hesson et 

al. 2016)”.  In 2009 the highest antibodies were observed in Turdidae family, the highest 
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antibody prevalence was measured in Fieldfare (Turdus pilaris), 78% (Hesson et al. 2016).   

 

In previous Swedish study conducted by Lundström and colleagues in 2001, they detected the 

highest antibody prevelance against SINV in Fieldfare (Turdus pilaris) with 43.3 %, Redwing 

(Turdus iliacus) with 37 %, and from Song thrush (Turdus philomelos) with 22.2 % 

(Lundström et al. 2001). It has been argued in Sweden that Passeriformes could be the main 

hosts for SINV and the following species Fieldfare, Redwing and Song thrush could be the 

main amplifying host for SINV (Hesson et al. 2016). 

 

In Finland it has been proposed that game birds, such as black grouse (Tetrao tetrix) and 

capercaillie (Tetrao urogallus) could be the amplification host species for SINV as antibodies 

have been detected in many studies (Brummer-Korvenkontio et al. 2002; Kurkela, Rätti, et al. 

2008; Jalava et al. 2012). 

 

In Finland, Kurkela and colleagues screened 340 grouses and 836 migratory birds for 

antibodies against SINV from 2003 to 2005 (Kurkela, Rätti, et al. 2008). They found that 

SINV antibody prevalence was 27.4 % in 2003 but it dropped to 1.4 % in 2004 in grouse 

(Kurkela, Rätti, et al. 2008). In 2004 and in 2005 they screened migratory birds for antibodies 

against SINV and found 3 birds to have antibodies (Kurkela, Rätti, et al. 2008). These birds 

were Robin (Erithacus rubecula), Song thrush (Turdus philomelos), and in Red-backed 

shrike (Lanius collurio) which could indicate that migratory birds could bring SINV to 

Finland (Kurkela, Rätti, et al. 2008).  

 

Previously in Finland it was argued that grouse population density could have a link with 

Pogosta clinical cases (Brummer-Korvenkontio et al. 2002; Kurkela, Rätti, et al. 2008). 

Pogosta clinical cases was noticed to have a peculiar 7-year cycle, when in every seventh 

year there was a larger outbreak of Pogosta disease compared to non-epidemic years 

(Brummer-Korvenkontio et al. 2002).  

 

Later it was noticed that grouse population dynamics followed by the outbreaks of Pogosta 

disease: in every 6 to 7 years the grouse populations declined (Brummer-Korvenkontio et al. 

2002; Kurkela, Rätti, et al. 2008). This cycle was seen until 2002 but after that the cycle 

hasn’t been as clear as it was (Kurkela, Rätti, et al. 2008; Adouchief et al. 2016). Hesson and 
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colleagues conducted a study in Sweden where they tested this 7-year cycle hypothesis and 

they couldn’t find any supportive evidence for this cycle (Hesson et al. 2016). 

 

 

4.7.3 Mosquitoes and birds have role in SINV lifecycle in local level 

 

SINV lifecycle occurs in local level and the SINV strain circulation appears in global level 

(figure 3). SINV has a complex lifecycle where birds, mosquitoes and abiotic factors play a 

role. Abiotic factors such as weather conditions and amount of winter’s snow could effect 

following summers’ mosquito numbers (Brummer-Korvenkontio et al. 2002; Jalava et al. 

2012). The mosquitoes need moist environment e.g. puddles for their early development 

(Brummer-Korvenkontio et al. 2002; Jalava et al. 2012). Preceding winter with only little of 

snow could lead to shortage of puddles thus decreasing the mosquito numbers on the 

following summer (Brummer-Korvenkontio et al. 2002).   

 

There has been some results indicating that SINV could be capable to overwinter in mosquito 

larvae, as SINV has been found in Ochlerotatus mosquito larvae (Tingström et al. 2016). 

SINV could also overwinter in adult mosquitoes and when they blood feed after winter rime, 

the SINV could be transmitted to suitable bird hosts e.g. to black grouse (Tetrao tetrix) 

(figure 3) (Brummer-Korvenkontio et al. 2002; Hesson et al. 2016). 

 

The black grouse (Tetrao tetrix) and capercaillie (Tetrao urogallus) can act as amplifying 

host for SINV (Jalava et al. 2012; Kurkela, Rätti, et al. 2008). This means that when SINV 

positive ornithophilic mosquitoes, e.g. Cx. torrentium and Cx. pipiens, feed on birds the virus 

is transmitted to these birds (figure 3) (Kurkela, Rätti, et al. 2008; Hesson et al. 2016). The 

birds become viremic and new mosquitoes without SINV can acquire the virus by feeding on 

these birds (figure 3) (Hesson et al. 2016).  Reservoir species for SINV is not yet know, but 

other small mammals have been proposed to have a role in SINV life cycle but further studies 

are needed (Brummer-Korvenkontio et al. 2002).   

 

Humans are considered as dead-end hosts in SINV lifecycle (figure 3) (Ling et al. 2019). It is 

unlikely that mosquitoes could acquire SINV from human because the viremia is short and 

low level (Ling et al. 2019; Sane, Kurkela, Putkuri, et al. 2012; Sane, Kurkela, Levanov, et al. 
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2012). For humans, certain risk factors have been associated with increased risk to acquire 

SINV infection. For example, outdoor activities such as hunting, berry and mushroom 

picking during the SINV season (August to September) have been linked with a possibility to 

get SINV infection (Brummer-Korvenkontio et al. 2002). 

 

4.8 SINV strains have global circulation where birds act as intercontinental vectors 

Beside acting as local amplifying hosts, migratory birds can also act as a vectors for SINV 

and further spread them to new continents and unaffected areas (figure 3) (Lundström et al. 

2010). Migratory birds e.g. Red-backed shrike could acquire SINV while overwintering in 

SINV endemic areas such as Africa (Lundström et al. 2010; Kurkela, Rätti, et al. 2008). Birds 

return after overwintering to their nesting areas and transport SINV to new regions 

(Lundström et al. 2010).  

 

Birds ability to act as intercontinental vectors is seen when examining different SINV 

genotypes (Lundström et al. 2010). SINV has six different genotypes (I-VI) which differ 

based on their geographical location (Ling et al. 2019). In their article Ling and colleagues 

have listed different SINV genotypes: “SINV genotype I has been detected in Europe, Africa 

and in Middle East (Ling et al. 2019). SINV genotypes II and VI are detected in Australia, 

genotype III in South-East Asia, genotype IV in Asia and in the Middle East and the 

genotype V has been detected in New Zealand (Ling et al. 2019) “. The SINV genotype V is 

also called by the name Whataroa virus (Ling et al. 2019).  

 

It has been observed that SINV genotypes overlap major bird flyways and it has also noted 

that some of these genotypes are geographically isolated (Lundström et al. 2010; Kurkela, 

Rätti, et al. 2008). For example genotypes II and VI are found in Australia and genotype V 

from New Zealand (Ling et al. 2019). These geographically restricted genotypes indicate that 

birds have a major role in spreading SINV from continent to continent (Lundström et al. 

2010). The SINV I genotype causes most of the SINV disease cases (Ling et al. 2019). 

Annual clinical cases are detected in northern Europe e.g. in Finland (Terveyden ja 

Hyvinoinnin laitos (THL) Tartuntatautirekisterin tilastotietokanta, 2019). The SINV genotype 

I is further divided to Ia, Ib, Ic, Id and Ie clades (Ling et al. 2019).  

 



23 
 
 

In a recent article published by Ling and colleagues they propose a new hypothesis how 

SINV has been introduced to Europe. They argued that SINV was introduced only once from 

central Africa to to Sweden.(Ling et al., 2019.) While the previous hypothesis by Lundström 

and colleagues had suggested that SINV was introduced from South Africa to Europe 

(Lundström et al. 2010). Ling and colleagues proposed that after SINV had been introduced 

to Sweden, it spread all around Europe (Ling et al. 2019). They also stated that only a single 

introduction of SINV was necessary for SINV to settle in Europe (Ling et al. 2019). 

 

 

 

 

 

Figure 3. Diagram of SINV transmission in local and in global level in nature.   
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5. Materials and Methods 

 

5.1 Materials 

 

Primary materials for this master thesis work is the mosquito samples (n= ~800) collected in 

August 2018 and acute phase patient serum samples (n=31) from serologically diagnosed 

patients with Sindbis virus infection obtained during mosquito-season 2018 (HUSLAB 

research permit TYH2018322). The patient samples were selected from patients which had 

paired samples and a documented seroconversion between the two samples (first sample 

seronegative and second positive). In this master thesis work the first seronegative samples of 

patients were used in all experiments.  

 

5.2 Methods 

 

5.2.1 Mosquito collections 

Mosquito samples were collected between 13th and 14th day of August 2018 in Ilomantsi 

region, Finland (62°40'06.2"N 30°56'21.7"E). For more specific collection sites, please refer 

to table S2 and to figure 7. Majority of mosquitoes were collected by using hand-held 

Prokopack system simply by walking in suitable environments (please refer to table S2 for 

habitats) and hoovering mosquitoes into Prokopack system (figure 4). Mosquitoes were 

collected with CDC light traps and with Mosquito Magnet Pioneer (Proviter Oy). Two CDC 

light traps were placed in windbreak environments (figure 5). Lamps were placed 1–3 meters 

above the ground and little bits of dry ice were placed near the lamps to lure more efficiently 

mosquitoes into the lamps (figure 5B). Mosquito Magnet Pioneer (Proviter Oy) was also used 

for collecting mosquitoes (figure 6). All traps (Mosquito Magnet Pioneer and CDC lamps) 

were placed late afternoon and the mosquitoes were collected on the following morning. With 

Prokopack system, mosquitoes were collected during the day. Approximately 800 mosquitoes 

were collected within two days.  
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Figure 4. A Prokopack system. The hand-held vacuum is powered by a small battery in the 

backpack (not visible in the picture). Mosquitoes are hoovered inside to the white collection 

cup and afterwards the cup is full, a lid is placed, and the cup changed to a new empty one. 

Collected mosquitoes remain alive inside the collection cup.   
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Figure 5. CDC light traps boosted with dry ice baits in windbreak environments. (A) The 

first trap was placed in an open barn. (B) The second trap was placed in a corner of a house. 

The trap was surrounded by the house wall, forest and long bushes. The dry ice can be seen in 

this picture as a grey vapor. 
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Figure 6. A Mosquito Magnet Pioneer system. (A) The Mosquito Magnet Pioneer was set in 

an alley between two houses and the surrounding environment formed a windbreak. (B) The 

Mosquito Magnet Pioneer was set in open forest environment where light breeze was 

detected with swarming mosquitoes. In picture B the power supply for the magnet was placed 

farther from the collection site because any kind of disturbance were avoided. In picture A 

the portable power supply was not needed because electrical grid was provided by the 

collection site. 
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Figure 7. Map visualizing mosquito collection sites. Yellow dots symbolizing collection sites 

for mosquito samples and red dot symbolizing collection site for the SINV positive sample. 

For more specific collection site details please see to table S2.  Map by courtesy of Ruut 

Uusitalo. 

 

5.2.2 Processing mosquito samples  

 

After collecting the mosquitoes they were killed by freezing them at – 20 ⁰C and then sorted 

according to morphology and placed in plastic screw cap tubes. Only female mosquitoes were 

kept, males were discarded. Mosquitoes which were either gravid or blood fed were placed 

into plastic screw cap tubes containing Sigma Virocult® (Thermo Fischer Scientific). 

Mosquitoes were transported to Helsinki on dry ice and later stored at – 80 ⁰C to wait for 

further processing.  
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The mosquitoes were kept cold and identified to genus level by Ruut Uusitalo and Dr. Essi 

Korhonen and then pooled to 1-30 mosquitoes per one pool. 52 mosquito pool were made and 

they are referred in this master thesis as P1 to P52 or as “homogenate sample”. The samples 

were prepared for homogenization by adding 900 µL of Dulbecco’s Phosphate-Buffered 

Saline (DPBS) with 0.2 % Bovine Serum Albumin (BSA) (pH 7.2) (HUSLAB, Helsinki) if 

pool consisted ≤ 10 mosquitoes, 1800 µL if pool consisted 11 to 30 mosquitoes. Fine-grained 

sterile sand and either one 5 mm sized or two 3.5 mm sized stainless-steel beads (Qiagen) 

were also added to a 2-mL microcentrifuge tube. Mosquitoes were homogenized by 

TissueLyser II (Qiagen) for 5 minutes, frequency of 30 cycles per second. After the 

homogenization samples were centrifuged at + 4 ⁰C, 13200 rpm, for 5 minutes by 

Eppendorf® 5415R centrifuge (Eppendorf AG) and stored in – 80 ⁰C. 

 

5.2.3 RNA extraction protocol  

 

All RNA of samples in this master thesis are extracted using QIAamp Viral RNA Mini Kit 

(Qiagen) following the manufacturer’s instructions for “Purification of viral RNA spin 

protocol” with slight modifications. In step 11. instead of eluting samples to 60 µL of Buffer 

AVE, samples were eluted to 50 µL of Buffer AVE. 

   

5.2.4 Reverse transcriptase reaction 

 

In Maxima reverse transcriptase reaction RNA is converted to complementary DNA (cDNA). 

Maxima RT reaction was conducted as described in Thermo Scientific Maxima Reverse 

Transcriptase manual (MAN0012044). DNA Engine® Peltier Thermal Cycler (Bio-Rad) was 

used. Shortly, Maxima RT reaction: first the RNA is heat denatured with random hexamers 

by incubating 5 minutes at +65 ⁰C and later cooled on ice. Afterwards the mix containing 

reaction buffer and RT enzyme was added and then the rest of the RT reaction program was 

carried out (table S1). 

 

5.2.5 Polymerase chain reactions (PCRs)  

 

For all PCR experiments different laboratory facilities and laminar flow hood cabinets were 
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used in preparing samples and reagents for all PCR experiments. Contaminations were 

controlled by using negative water control and positive RNA controls (more information in 

the Control section).     

Four different PCRs methods were used in this master thesis work. For all PCR reagents, 

program temperatures and internal controls please refer to table S1.  

 

Real-time RT-PCR for SINV was conducted as described in Sane et al. (2012) and the 

experiment was carried out using Stratagene Mx3005P (Thermo Fisher Scientific) (Sane, 

Kurkela, Levanov, et al. 2012). Shortly, this method is based on one step RT reaction and 

PCR with TaqMan probe detection. Detection rates for this method are 0,001 PFU/reaction 

(0,09 PFU/ml) (Sane, Kurkela, Levanov, et al. 2012). 

 

Nested-RT-PCR for Alphaviruses, -Bunyaviruses and COI PCR were conducted by using 

PTC-2000 Peltier Thermal Cycler (MJ Research). Nested-RT-PCR for Alphaviruses were 

conducted as described in (Sánchez-Seco et al. 2001). This conventional PCR method targets 

the Alphavirus nsP4 protein encoding gene which is conserved in Alphavirus genus (Sánchez-

Seco et al. 2001). Results from this PCR can be interpreted as the sample virus belongs to the 

genus or not with detection sensitivities ranging from 1000 copies (first reaction) to one copy 

(second reaction). To determine exact virus species, PCR products must be sequenced. 

 

For more detailed mosquito species identification, molecular typing based on mitochondrial 

sequences was approached. This was performed for the sample P1 using cytochrome c 

oxidase subunit I (COI) PCR, which was conducted as described in (Folmer et al. 1994). COI 

PCR targets the conserved mitochondrial COI region (Folmer et al. 1994). This type of PCR 

was used to multiply known region of animal samples. Later COI PCR products were 

sequenced and compared to database sequences of National Center for Biotechnology 

Information (NCBI) GenBank for mosquito species determination. 

Nested-RT-PCR for the detection of Bunyaviruses is based on amplifying a fragment of S 

segment (Kuno et al. 1996). This PCR detects viruses from Bunyavirus genus and from 

Bunyawere and Califormia serogroups. The PCR results indicate if the sample belongs to 

Bunyavirus genus. The detection rate varies between 1.0-5.4 log10 PFU/ml. In order to know 

the exact virus, the PCR products must be sequenced.  
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5.2.6 Controls for PCR 

 

In a nested-RT-PCR for Alphaviruses the positive control was chikungunya virus (CHIKV) 

RNA diluted to PCR grade water. In real time RT-PCR for SINV, SINV RNA was diluted 

PCR grade water. Water was used as a negative control in all PCRs. In nested-RT-PCR for 

Bunyaviruses as a control Batai virus (BATV) RNA diluted to PCR grade water was used. 

All controls were always pipetted last, after all reactions were pipetted and caps closed. This 

was done to avoid contaminations.  

 

5.2.7 Visualization of PCR products 

 

PCR products from nested-RT-PCR for Alphaviruses, -Bunyaviruses and from COI PCR 

were visualized by agarose gel electrophoresis. Gels were 2 % agarose gels (SeaKem® LE 

Agarose, Lonza) made in 1 X TAE buffer. Ethidium bromide solution (10 mg/ml in H2O) 

(Sigma-Aldrich) was used as a visualizing agent. As a loading dye DNA gel loading dye (6X) 

(Thermo Fisher Scientific) was used. As a ladder GeneRuler 50 bp DNA ladder (50 µg, 0,1 

µg/µL) (Thermo Fisher Scientific) was used. Gels were run for 1 h and 15 minutes with 

BluePower Plus at 125 V (Serva). Gels were exposed for UV-light for 300 ms and viewed 

with AlphaImager 2200 (ProteinSimple). 

 

5.3 Biosafety considerations  

 

All cell culturing, virus isolation, propagation and plaque purification experiments were 

conducted on biosafety level 2 (BSL-2) laboratory. Sindbis virus is classified as a BSL-2 

agent by European Parliament and Council (Directive 2000/54/EC). Proper precautions were 

considered prior starting the work including safe handling of infectious materials and waste 

handling.   

 

 

 



32 
 
 

5.4 Cell culturing and virus propagation 

 

5.4.1 Cell types and maintaining cells 

 

In this master thesis two types of mammalian cells were used, African green monkey kidney 

(Vero E6) and Baby hamster kidney (BHK-21) cells. Vero E6 cells were grown on Minimum 

Essential Medium Eagle (MEM) (Sigma-Aldrich) with 10% fetal bovine serum (FBS) 

(Gibco), penicillin-streptomycin (Pen-Strep) (10,000 units penicillin, 10 mg streptomycin per 

mL in 0,9 % NaCl) (Sigma-Aldrich) and L-Glutamine (Sigma-Aldrich) and BHK-21 cells 

were grown on Glasgow Minimum Essential Medium (GMEM) (Sigma-Aldrich) with 10% 

FBS, Pen-Strep and L-Glutamine at +37 ⁰C in 5 % CO2 incubator (Binder).   

 

In all infection experiments Vero E6 cells were exclusively grown on MEM with Pen-Strep, 

L-Glutamine and 2 % FBS here by referred as ‘adding MEM’. BHK-21 cells were 

exclusively grown on GMEM with Pen-Strep, L-Glutamine and 2% FBS. 

 

Vero E6 and BHK-21 cells were passaged weekly. Every Friday cells were split either in 1:4, 

1:6, 1:7 or in 1:8 relation for new cell bottles depending on the experiment. In shortly, media 

was removed and cells were rinsed 3 times with trypsin- EDTA solution (Sigma-Aldrich) and 

the cells were incubated in +37 ⁰C for approximately 10 minutes to allow the cells to detach. 

Cell bottles were patted gently, making cells to detach from the bottle surface. Media was 

added according to division plan and resuspended to fresh media. 1 ml of detached cells were 

added to new bottles and media was added. Cells were incubated at +37 ⁰C in 5 % CO2  

atmosphere until they were confluent.   

 

5.4.2 Infection of cells 

 

Prior infecting clean cells they were visually inspected to be confluent and clean. The 

cultivation media was removed and each cell bottle (T75 flasks, Thermo Fisher Scientific) 

were rinsed 3 times with PBS (pH 7.5) containing Pen-Strep. Afterwards 100 µL of either 

serum sample, mosquito homogenate or PBS (for controls) were added to the cells and cells 

were incubated for 60 minutes at + 37 ⁰C in 5 % CO2 atmosphere. During incubation cell 

bottles were gently rocked with 15 minutes intervals to prevent drying of the monolayer. 
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After incubation MEM or GMEM were added to each cell bottle (volume depending on 

bottle/well size) and cells were kept at +37 ⁰C, 5 % CO2  atmosphere for the rest of 

experiment. 

 

As a negative control, same aged clean cells were kept in the same conditions. Cells were 

daily visually inspected with CKX41 inverted microscope (Olympus Life Science) for 

cytopathic effect (CPE) or toxic response. No toxic response towards serum sample or 

mosquito homogenate was observed.  

 

5.4.3 Collecting infected cells 

 

After CPE was visually confirmed, samples were taken from the cell culture supernatant and 

cells were collected for further analysis. Cells were detached from cultivation bottles by 

manually scratching them with a cell scarper. Loose cells and supernatant were centrifuged 

for 5 minutes at 1800 rpm in Eppendorf 5810 R centrifuge (Eppendorf AG). Supernatant was 

aliquoted and stored to – 80 ⁰C. Cells were prepared for immunofluorescence assay by 

washing them with PBS (pH 7.5) and pelleting by centrifugation (1800 rpm, 3 minutes). This 

was repeated three times. After the washes of the cells, cells were diluted to 1/20 of PBS 

(7.5). Cell suspension was pipetted to microscope slides and left to dry overnight. Later on 

the slides were fixed in cold acetone for 7 minutes and air dried. Afterwards microscope 

slides were stored to – 20 ⁰C to wait for further processing (IFA staining). 

 

5.5 Plaque purification 

 

Clean Vero E6 cells were grown on 6-well plates and in 24-well plates. Prior infecting, cells 

were checked to be confluent and clean. Cultivation media was removed, and wells were 

washed with PBS containing Pen-Strep for three times. A dilution series from the virus 

samples of interest were made ranging from 10-1 to 10-9. Samples were diluted to PBS. PBS 

with Pen-Strep was removed from the wells and 100 µL of each virus sample dilution was 

added as well as 400 µL of PBS containing Pen-Strep to the 6-well plates. Plates were 

incubated at +37 ⁰C, 5 % CO2 atmosphere for 60 minutes. During incubation plates were 

gently shaken with 15 minutes intervals.  
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After the incubation, the virus dilutions were removed from the wells and the freshly 

prepared media-agarose overlay was added on cells. In brief, sterile 3 % agarose SeaPlaque™ 

(Lonza) in MQ water, was mixed in 1:1 ratio with 2XMinimum Essential Medium Eagle with 

Earle’s BSS (2X) (here by referred as EMEM) (Lonza) containing Pen-Strep, L-glutamine 

and 5% FCS. Plates were incubated at +37 ⁰C in 5 % CO2 atmosphere until CPE or plaques 

were detected. Plates were daily visually inspected with CKX41 inverted microscope 

(Olympus Life Science) for cytopathic effect (CPE). Staining was conducted after the CPE or 

plaques were detected.  

To visualize the plaques, the wells were stained with a staining solution containing Neutral 

Red solution (0.33 % w/v DPBS) (Santa Cruz Biotechnology) and DPBS with no calcium 

and magnesium. The staining solution was left on top of the agarose for 1 hour. After that 

suitable single plaques were picked up by poking the agarose layer with sterile 1 ml pipette 

head and the small agarose bit was re-suspended from the tip to 100 µL of MEM containing 

2 % FCS and stored at – 80 ⁰C. Later they were individually cultured by infecting clean Vero 

E6 cells in T25 cm2 bottles with MEM containing 2 % FCS.  

 

5.6 End point titration 

 

End point titration was done with Vero E6 cells on 24-well plates. Exact the same sample 

dilutions were used as in plaque purification. 100 µL of virus dilutions (ranging from 10-1 to 

10-9) were applied to wells and 200 µL of PBS was added. Plates were incubated at +37 ⁰C, 

5 % CO2 for 60 minutes. During incubation the plates were gently shaken with 15 minutes 

intervals. After incubation 1 ml of MEM or EMEM were added to cells and the plates were 

left to incubate at +37 ⁰C in 5 % CO2 atmosphere until plaques were detected. 

 

5.7 Immunofluorescence assay (IFA)  

 

In immunofluorescence assay the cells infected with virus e.g. SINV can be detected by using 

antibodies. In case of SINV IFA, cells infected with SINV produce antigens that are detected 

with specific SINV antibodies. Later the SINV specific antibody is detected with antibody 

containing fluorophore. The fluorescence signal is imaged and the cells containing virus are 
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seen in green (colour depends on used fluorophore). Cells that are not infected with the virus 

are seen as non-fluorescent. (Madigan, Martinko, Stahl, Clark, Brock Biology of 

Microorganism 13th edition 2012 p. 926-928.)       

 

Previously made microscope slides were defrosted and left to dry at room temperature (RT). 

SINV and Batai virus (BATV) specific antibody dilutions were pipetted on top of the cells. 

Microscope slides were incubated at +37 ⁰C for 60 minutes. Afterwards microscope slides 

were rinsed with PBS (pH 7.5) and washed 3 times of 5 minutes in PBS in a shaker. 

Microscope slides were left to dry at RT and after that either Fluorescein (FITC) – conjugated 

AffiniPure F(Ab’)2 fragment Goat Anti-Human IgG (H+L) (Jackson ImmunoResearch) 

diluted in 1:100 in PBS or α-mouse FITC conjugate (F0261) (Dako) diluted in 1:30 in PBS 

were pipetted on top of the microscope slides. The microscope slides were incubated at +37 

⁰C for 30 minutes. After the microscope slides were rinsed with PBS and again washed 3 

times of 5 minutes in PBS in a shaker and for 1 time of 5 minutes in MQ-Water. After the 

microscope slides were left to dry. On top of the dry microscope slides Shandon Immu-

Mount™ (Thermo Fisher Scientific) mounting medium and a cover glass were added. Later 

the microscope slides were photographed with Leica DM4000 B microscope (Leica 

Microsystems) by using Cell^P software (Olympus).  

 

5.8 Sequencing  

 

COI PCR products were sent for Sanger sequencing (ABI Prism 3130 XL [Applied 

Biosciences]) at Institute of Biotechnology, Helsinki. Supernatant samples from individually 

grown P1 plaques and supernatant from cell culture passage 1 of sample 337 were sent for 

Illumina MiSeq v2 sequencing and sequenced by Teemu Smura.  

Sequencing protocol by Teemu Smura:  

“Samples were prepped for whole-genome sequencing by treating RT-PCR positive samples 

with DNase I and purified with Agencourt RNA Clean XP magnetic beads. The sequencing 

library was prepped with NEBNext Ultra II RNA library prep kit. Later libraries were 

quantified by using NEBNext Library Quant kit for Illumina and pooled libraries were then 

sequenced on MiSeq platform (Illumina) using a MiSew v2 reagent kit with 150 bp paired-

end reads. Raw sequence reads were trimmed and low-quality (quality score <30) and short 
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(<50 nt) sequences were removed using Trimmomatic. Sequences were assembled against 

reference genome (SINV Ilomantsi region-2002) using BWA-MEM algorithm implemented 

in SAMTools version 1.8.” (Teemu Smura 5.6.2019) 

5.9 Data-analysis materials and methods 

 

Whole genomes of P1 (11648 nt) and 337 (11555 nt) samples were provided for this master 

thesis by Teemu Smura. Rest of the whole genome sequences were obtained from NCBI 

GenBank. Please refer to table S3 for whole genome sequence information.  

 

5.9.1 BLAST 

 

A BLAST search with NCBI BLASTN 2.9.0+ was conducted for samples P1 and 337 whole 

genome sequences and for COI sequences (Zhang et al. 200). Samples were BLASTed 

against NCBI Nucleotide (nt) collection database. BLAST search was conducted as the aim 

was to determine which SINV strains were closely related to sample strains. For COI 

sequences the aim was to determine species. 

 

5.9.2 Choosing sequences, trimming and aligning them 

 

60 SINV whole genome sequences were chosen by the following criteria. Firstly, majority of 

the whole genome sequences were chosen based on BLAST results which gave the closest 

related sequences. Secondly, the rest of the whole genome sequences were chosen based on 

what types of whole genome sequences were left. Sindbis-like virus, unverified and treatment 

strains were excluded because the focus was on confirmed strains isolated from the wild. 

Thirdly, rest of the whole genome sequences were chosen based on literature (see Ling et al., 

2019). The whole genome sequences of H7 (accession number MG779534) and 

NVS_305_KENYA_2007 (accession number KY616988) were excluded because they were 

revealed to be reassortant strains according to Ling et al., 2019. This type of criteria selection 

led to 60 SINV whole genome sequences which were chosen for further analysis (table S3). 

Whataroa virus (SINV genotype V) was used as an outgroup strain for phylogenetical 

analysis. P1, 337, the 60 SINV and Whataroa whole genome sequences were first trimmed 

and translated to amino acids. Later these whole genome sequences were aligned by using 
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MUSCLE in MEGA X software (Edgar et al. 2004, Kumar et al. 2001). 

 

5.9.3 Finding suitable models for phylogenetical tree and constructing phylogenetical 

tree 

 

MEGA X software was used to look for the best suitable parameters for constructing 

phylogenetical trees based on the 62 sequences in this master thesis. Following parameters 

were chosen for phylogenetical tree construction: Maximum likelihood tree was constructed, 

tested with bootstrap method (100 replications). Tree was based on amino acid sequences and 

Jones-Taylor-Thornton (JTT) model was applied (Jones et al. 1992). For rates gamma 

distributed with invariant sited (G+I) was applied. Gaps or missing data were set for partial 

deletion where site coverage cutoff value was set for 95% (Kumar et al. 2001) 

 

6. Results 

 

6.1 Virus isolation results 

 

The aim was to isolate any viruses that mosquito homogenate samples might contain, 

however the expected viruses were Chatanga viruses (CHATV) and SINV as these viruses 

are known to circulate in the collection region. SINV seropositive patient samples were also 

included to virus isolation trials. To maximize the success, two different cell lines were used 

in virus isolation trials, BHK-21 and Vero E6 cells. Mosquito homogenate and SINV 

seropositive patient samples were incubated in both cell types. CPE was observed to differ 

between samples and cell lines.  

 

6.2 Mosquito homogenate samples 

52 mosquito homogenate samples were incubated on BHK-21 and Vero E6 cells. Earliest 

signs of CPE were detected two days post infection (p.i.). In BHK-21 cells infected with 

sample P1, strong CPE was observed. Cells were observed to be round and detached from the 

cell monolayer. CPE was also detected from sample P33, but it was not seen as strong or as 

far progressed as in sample P1. Cells infected with sample P33 were observed to be slightly 
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larger compared to the cells infected with sample P1. In Vero E6 cells, cells infected with 

sample P1 were noticed to be rounded and hole in the middle of cell monolayer was 

observed. CPE was clearly beginning. Cells infected with sample P33 were observed to form 

some clusters but no holes in the cell monolayer were observed. As for other samples in 

BHK-21 and in Vero E6 cells no indicators for CPE were detected.       

 

Four days post infection in BHK-21 cells infected with sample P1, full blown CPE were 

detected where all cells were detached from cell monolayer.  In BHK-21 cells infected with 

sample P33, CPE had also progressed, and cells were observed to float freely in clusters. In 

Vero E6 cells both samples had caused full blown CPE with freely floating cells. From other 

samples no indicators for CPE were detected. Cells which were infected with mosquito 

homogenate samples P1 and P33, supernatant samples were taken and passaged to clean 

cells.  

 

After P1 and P33 supernatant samples were passaged to clean BHK-21 cells, full blown CPE 

was observed in sample P1 (day 1 p.i.). Cells were observed to be freely floating. Cells which 

were infected with sample P33 supernatant also full blown CPE with freely floating cells and 

cluster were observed. Negative control cells which were used in virus isolation experiments 

were clean. No contaminations were detected. No other viruses were observed from the rest 

of the samples. 

 

6.3 Patient samples 

 

31 SINV seronegative patient samples were incubated on BHK-21 and Vero E6 cells. Four 

days post infection CPE was detected on Vero E6 cells which were infected with sample 337. 

Cell monolayer was observed to consist of small holes which were surrounded by rounded 

cells (figure 8). Five days post infection, CPE was noticed on BHK-21 cells which were 

infected with sample 337. Cells were rounded and had formed small holes to the cell 

monolayer. With patient samples, sample 337 was the only one to grow. In no other samples, 

no signs of viral infection were found. Negative control cells were clean, and no 

contaminations were found.  
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Figure 8.  Pictures of SINV CPE in sample 337 on Vero E6 cells 2 days p.i.. In picture A, 

SINV CPE is seen as holes in the monolayer. In the picture B shows 10x magnification of 

holes. Cells are observed to be bloated around the holes. 

6.4 Morphological identification of mosquitoes  

 

All mosquitoes were morphologically identified to a genus level before they were pooled. P1 

mosquito homogenate sample consisted of 13 mosquitoes of Ochlerotatus sp.. 

6.5 PCR results 

 

6.5.1 COI PCR 

 

COI PCR was successful as PCR products of expected size (700 bp) were obtained. PCR 

products were later sent for Sanger sequencing. 

 

6.5.2 Nested-RT-PCR for Alphaviruses  

 

52 mosquito homogenate samples and 31 SINV patient samples were tested with Alphavirus 

specific PCR as described in the Methods section. For mosquito homogenate samples sample 

P1 was found to be PCR positive. None of the SINV patient samples were found to be PCR 

positive by using this method. Supernatant samples from virus isolation study of human 
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serum samples were tested with this PCR, after they had been passaged once in Vero E6 

cells. Sample 337 was detected to be PCR positive. The positive CHIKV RNA control 

produced band of expected size and the negative water control was negative. 

 

6.5.3 Nested-RT-PCR for Bunyaviruses 

 

All mosquito homogenate samples were tested with nested-RT-PCR for Bunyaviruses as 

described in the Methods section. Samples P1 and P33 were found to be PCR positives. The 

positive BATV RNA control produced band of expected size and the negative water control 

was negative. 

 

6.5.4 Real time RT-PCR for SINV 

 

A Sindbis virus specific real time RT- PCR was conducted for 52 mosquito homogenate 

samples and for 31 SINV patient samples as described in the Methods section. From 

mosquito samples, sample P1 was detected to be SINV PCR positive as seen in figure 9 A 

(yellow graph). For sample P1 cycle threshold (ct) was 27, and for the positive control ct was 

24. For water control no ct was detected which indicates no contaminations. For SINV patient 

samples two samples were found to be PCR positives, samples 337 and 461, as seen in figure 

9B (green and yellow graphs). For sample 337 ct was 32, for sample 461 ct was 36 and for 

positive control ct was 28 (turquoise graph) . For water control no ct was detected which 

indicates no contaminations. 
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Figure 9. This figure shows real time RT-PCR for SINV amplification plots. Straight lines in 

the figures A and B indicates a threshold that a sample must cross to be considered positive. 

Graphs under the straight line are samples that were tested but they were all negative.  In 

picture A, a blue graph with spheres indicates control and a yellow graph with triangles 

indicates mosquito homogenate sample P1. In picture B, a turquoise graph with spheres 

indicates control, a green graph with asterisk indicates sample 337 and yellow graph with 

lines indicates sample 461.  
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6.6 Plaque purification results 

 

It was revealed from Alphavirus and Bunyavirus specific PCRs that sample P1 contained two 

different viruses. In order to separate these two viruses, plaque purification was conducted. 

Later this double infection was confirmed by preliminary Illumina MiSeq results. The aim 

was to separate these two viruses for further use. 

 

A serial dilution was made from virus isolation supernatant sample P1 prior infecting to 6-

well plates. The serial dilution ranged from 10-1 to 10-9 and it done as described in the 

Methods section. CPE was detected two days post infection. Large number of plaques were 

formed on 10-1 and on 10-2 titration plates which were uncountable. Plaques that were formed 

on 10-3 titration wells were separate and they were observed to vary on size, big and small 

plaques were detected. Some plaques were also detected in wells infected with 10-4 dilution. 

 

Day 3 post infection separate plaques were formed on wells infected with 10-4 titration. They 

were collected for further analysis. The collected plaques varied morphologically (2 pcs. of 

giant plaques, 8 pcs. of big plaques and 3 pcs. of small plaques). Total number of 13 plaques 

were collected. Different types of plaques (2 giant plaques, 5 big plaques and 2 small 

plaques) were incubated on clean cells. Later from these incubations the supernatant was 

tested with Alphavirus and Bunyavirus specific PCR as described in the Methods section. All 

incubated plaques were Alphavirus positive and Bunyavirus PCR negative. This means that 

plaque purification was successful because SINV had been separated from CHATV. Later 

these plaques were sent for Illumina MiSeq sequencing.   

 

6.7 End point titration results 

 

The end point titration was done on 24-well plates without the agarose as described in the 

Methods section. The aim was to determine the end point for the virus titration in order to get 

information of virus stock titer. The aim was also to see in which dilution plaques would be 

expected to appear in plaque purification. The same dilution series (which ranged from 10-1 to 

10-9) was used as in plaque purification experiment. The CPE was observed on infected cells 

until 10-7 dilution. Compared to plaque purification experiment, where agarose was added on 

top of the titration wells, the last plaques were formed in 10-5 well. 
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6.8 Immunofluorescent assay results 

 

 

Figure 10. The IFA results. The samples P1 and 337 were grown on Vero E6 cells. Cells 

were taken for sample P1 4 days p.i. and for sample 337 5 days p.i. Positive and negative 

controls are shown for both of the samples. 

In figure 10 the IFA results are presented. Positive result is seen as bright green cells, in 

negative control only background fluorescent is observed (figure 10 controls part). The 

sample P1 and sample 337 microscope slides were compared to controls and positive 
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fluorescent was observed indicating that samples P1 and 337 had antigens against SINV 

(figure 10).   

 

6.9 Sequence analysis 

6.9.1 COI PCR Sanger sequencing results 

 

Sample P1s COI PCR products were sent for Sanger sequencing. Sequencing results were 

BLASTed against NCBI nucleotide database. The BLAST results were of poor quality for 

COI sequences. The best match was for Ochlerotatus excrucians (the identity was 91.67 % 

and query cover 53 %) and for second best for Culicidae sp. (94.11 % of identity, 89 % query 

cover). Based on these results the exact mosquito species for sample P1 cannot be 

determined. 

 

6.9.2 BLAST results 

 

Samples P1 and 337 whole genomes were BLASTed against NCBI Nucleotide collection (nt) 

database.  From BLAST results 25 closest sequences for sample P1 and 23 closest sequences 

for sample 337 with over 96 % identity were chosen for phylogenetical tree construction. Ten 

closest strains to P1 and 337 based on BLAST results are presented in table 1.   
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Table 1. 10 closest strains and their percent identity compared to samples P1 and 337 based 

on BLAST. The LEIV-9298 are two different strains with the same name. In this table 1 they 

are separated by A and B. A indicating LEIV-9298 strain with accession number JQ771799 

and B indicating LEIV-9298 strain with accession number MG679381. For other strain 

accession numbers and information, please refer to table S3. 

P1 337 

99.68 % Ilomantsi region-2005 M 99.82 % LEIV-9298 (A) 

99.61 % LEIV-9298 (A) 99.78 % 5.3  

99.58 % Berlin-2010A  99.76 % Johannes-2002  

99.58 % Z158523 99.75 % Giessen 2016-A  

99.54 % SV-1383 99.75 % Kiihtelysvaara-2002  

99.52 % LEIV-9298 (B) 99.77 % 28.9 

99.48 % Lovanger 99.73 % SV-1383 

99.45 % 5.3 99.72 % LEIV-9298 

99.42 % Giessen 2016-A 99.71 % Ilomantsi region-2002B 

99.40 % Edsbyn 99.69 % Ilomantsi region-2002A 

 

6.10 Phylogenetical trees 

 

6.10.1 P1 and 337 relation to other SINV strains. 

 

In figure 11 the phylogenetical tree is representing all 62 SINV whole genome sequences and 

their relation to each other. More information of the chosen whole genome sequences and the 

criteria’s for them can be found on the table S3 and from the Methods section. In this tree all 

SINV genotypes (I, II, IV and V) are shown according to Lundström et al. as well as 

European genotype (Clade A) according to Ling et al. (Ling et al. 2019; Lundström et al. 

2010). Based on this tree of whole genome sequences of P1 and 337 are related to European 

SINV strains and belong to northern European subtype 1A (figure 11 clade A). 

 

Figure 12 is a close-up of the tree presented in figure 11. Based on this tree (figure 12), the 

sample P1 is most closely related to Ilomantsi region-2005M strain and both of the samples 

were isolated from mosquitoes. Together P1 and Ilomantsi region-2005 M are related to 
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strains that have been isolated from Germany and from Sweden. Berlin-2010A strain is 

isolated from crow in Germany, Z158523 is isolated from mosquitoes in Germany and 

Swedish strains 85M134 and 09M564 strains are isolated from mosquitoes. 

 

The sample 337, which was isolated from human serum sample, is most closely related to 

following German SINV strains, 5.3 (isolated from mosquito), 28.9 (from mosquito), Giessen 

2016-A (from ringdove), 15Z03121 (from mosquito), and BNI-10865 (from mosquito) as 

seen in figure 11 and in figure 12. Based on this phylogenetical tree (figure 11) the sample 

337 seems to have diverted earlier compared to other German strains in the same clade.   
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Figure 11. A maximum likelihood tree consisting of samples P1, 337 and from 60 SINV 

whole genome sequences. Accession numbers are presented for each sequence. Whataroa 

virus was used as an outgroup. Bootstrap values over 60 are shown. SINV genotypes I, II, IV 

and V and genotype I clade A are shown. 
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Figure 12. A close-up from the whole genome maximum likelihood tree. Bootstrap values over 70 are 

shown. Red arrows and branches indicate samples P1 and 337 position in the tree. Silhouette symbols 

represent the sample type where SINV has been isolated. Human = isolated from skin biopsy, whole blood 

sample or serum sample, bird = isolated from bird, mosquito = isolated from mosquito. 
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7. Discussion 

 

In this master thesis I have used variety of methods to describe the process of finding two new 

Finnish SINV strains. I have also studied how these two new strains are related to previous Finnish 

SINV strains and to other SINV strains around the globe. 

 

7.1 Isolating SINV from small sample set – pure luck, oversupply of the virus or good 

samples? 

 

In this master thesis the mosquito sample size was small, approximately 800 mosquitoes. This small 

sample size was due to limited collection time as the collections were done in two days. These 

mosquito samples were later pooled to form 52 pools and out of these pools two pools were virus 

isolation positive, P1 and P33. The sample P1 was positive for SINV and for CHATV, and the 

sample P33 was positive for CHATV. In this master thesis the work focused on SINV. It is a good 

result to find three viruses out of 800 mosquitoes as even with larger samples sets it is not 

guaranteed that viruses would be found. For example, in  a study made by Sane and colleagues 

(2012)  in Finland, they collected and screened 8100 mosquitoes during four years and found one 

sample pool to be SINV positive (Sane, Kurkela, Putkuri, et al. 2012). In Germany a study made by 

Jöst and colleagues (2010), they collected and screened over 16 000 mosquitoes and found 10 pools 

to be SINV positive (Jöst et al. 2010). When comparing this master thesis sample size to other 

previous studies, it is a good result to find two viruses from different genera out of such a small 

sample size. 

 

Was this just pure luck or does this result indicate SINVs abundance in the Ilomantsi region? 

Ilomantsi has been known for decades to be SINV endemic area and the amount of clinical cases 

from Ilomantsi region varies annually (Terveyden ja Hyvinoinnin laitos (THL) 

Tartuntatautirekisterin tilastotietokanta, 2019). Last year 13 SINV infections was diagnosed in 

Northern Karelia hospital region where Ilomantsi region belongs to (THL Tartuntatautirekisterin 

tilastotietokanta, 2019). The sample P1 mosquito pool consisted of 13 mosquitoes and within that 

pool two viruses were found. Based on this, it cannot be determined if there were only one or 

multiple SINV or CHATV positive mosquitoes in the pool because the mosquitoes were pooled and 
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not analysed individually. The individual analysis of mosquitoes would have required much more 

processing, sample handling, resources and time.  

It seems unlikely to have multiple SINV or CHATV positive mosquitoes in the same pool, however 

that was the case. The sample P1 consisted of 13 mosquitoes which all belonged to the same genera 

which was collected from garden environment (collection 1, table S2). If the sample P1 would have 

consisted of multiple SINV or CHATV positive mosquitoes, then it could be expected that the other 

samples collected from the same area e.g. collections 2, 3, 14, and 15 would have also contained 

some SINV or CHATV positive mosquitoes. This would have indicated that the collection region 

would have been highly endemic of SINV or CHATV, but these samples from those collections 

were negative for these viruses.   

 

Based on literature earlier discussed in this master thesis, regional mosquito abundance, 

environmental factors, weather conditions, collection time, local mosquito species and viral strain 

abilities are all factors that can affect how many viruses per mosquitoes can be found. Further 

research would be needed to assess environmental factors affecting Sindbis virus distribution in 

mosquitoes in Ilomantsi region.  

 

The human serum sample number 337 was the first available serum sample taken from the patient 

who had later been serologically diagnosed with SINV. From this seronegative sample, SINV was 

successfully isolated. This is the first SINV strain isolated from serum in Finland. Based on the 

literature, only one research group have previously succeeded on isolating SINV from human serum 

(Zhou et al. 1999). There seems to be some controversy around Zhou et al. because some other 

papers e.g. Lundström et al. have argued that the strain isolated by Zhou et al. could be 

contamination as it is closely related to reference strain of SINV (Lundström et al. 2010). Previous 

Finnish SINV strains from patients have been isolated from whole blood or from the skin lesions  

(Kurkela et al. 2004). It is not easy to isolate SINV from serum because there are multiple factors 

that can affect to the outcome. Most importantly, SINV is known to have narrow time window of 

the viremia and low level of viremia (Kurkela et al. 2004; Sane, Kurkela, Levanov, et al. 2012). 

This might lead to a situation where the viremia is over before the first sample is taken. There is 

also a possibility that patient’s own antibodies could neutralize SINV before the first sample is 

taken. The sample handling could also affect to the outcome, if the serum samples have been frozen 

and de-frosted multiple times which can affect how well the virus is able to survive in the sample.  
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The samples in this master thesis were subjected to virus isolation on cell cultures. Cell culture 

virus isolation is not the most sensitive or easiest method for virus detection. Cells can be easily 

contaminated especially when working with unsterile material e.g mosquito homogenate samples 

which contain all the body parts of the mosquito, all bacteria and moulds what the mosquitoes 

might harbour. In this work no contaminations were observed. Viruses were successfully isolated 

which indicate that the samples were stored properly and handled in such a way that allowed viruses 

to grow. 

 

The mosquito homogenate RNA samples and patient RNA samples were tested with real time RT-

PCR for SINV. The sample P1 from mosquito homogenate RNA samples was detected real time 

RT-PCR for SINV positive with cycle threshold (ct) 27. From the seronegative patient RNA 

samples, the samples 337 and 461 were detected real time RT-PCR for SINV positives at cycle 

thresholds 32 (sample 337) and at 36 (sample 461). The late detection for sample 461 indicates that 

the sample did not contain as much of SINV RNA compared to sample 337. The patient sample 461 

was nested-RT-PCR for Alphaviruses and virus isolation negative. In the future the sample 461 will 

be subjected to NGS sequencing, but as this is ongoing, it was not included in the sequence analysis 

part of this master thesis work. 

  

7.2 Evaluation of phylogenetical tree – a SINV souvenir or a strain introduction?  

 

A phylogenetical tree of the samples P1 and 337 and from 60 other SINV sequences was 

constructed (figures 13 and 14). Based on the phylogenetical tree the samples P1 and 337 belong to 

the northern European genotype, more precisely to the subgroup 1A. The sample strains (P1 and 

337) are not introduced to Finland outside the Europe based on the phylogenetical tree.  

The sample P1, which was isolated from mosquitoes, is closely related to Ilomantsi-2005M strain 

which is also isolated from mosquitoes from Ilomantsi region. It is logical that both samples are 

related to each other as they have been isolated from the same region and from the same source 

material. It seems that in the Ilomantsi region this type of SINV strain is prevalent in mosquitoes, 

further supported as the P1 and Ilomantsi-2005M strains are isolated 13 years apart. These two 

strains are highly similar to each other which is also seen in the BLAST results (99.68 % 

similarity). This could indicate that no other type of SINV has been introduced to Ilomantsi region. 

To further test this hypothesis would require more samples collected in Ilomantsi region. The P1 
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and Ilomantsi-2005M strains are closely related to other SINV strains which have been isolated 

from mosquitoes and from a bird originating from Germany and from Sweden (Eiden et al. 2014; 

Bergqvist et al. 2015).  

The hypothesis in this thesis was that the P1 and 337 samples would be closely related and maybe 

cluster with the other Finnish strain. The patient sample 337 position on the phylogenetical tree was 

surprising because it is isolated from Finnish patient, but it was revealed to be closely related to 

German SINV strains. 

 

Currently the travel information regarding patient 337 is not available, however a recent travel 

history would have likely affected to diagnostic selection chosen for the patient. Currently it is 

known that the patient lives in Central Finland. Currently it is not known if the patient had been 

travelling e.g. to Germany or to other parts of central Europe or inside in Finland. One explanation 

could be that the patient would have travelled to Germany, got bitten by mosquitoes and arrived 

back to Finland and afterwards developed Pogosta disease.  

There is also a possibility that the patient didn’t travel outside Finland. Based on this phylogenetical 

tree it seems that currently there is two different SINV strains circulating in Finland (P1 and 337 

strains) which differ from each other. The P1 strain is more closely related to Finnish Ilomantsi-

2005M strain and the 337 strain is more closely related to German ones.  

If the patient would have travelled inside Finland, then it would be interesting to know to which 

area(s) patient would have visited. If the patient would have been exposed to SINV outside patient’s 

home region it could indicate an area where pathogenic SINV strain is present. It would be 

interesting to see if other SINV patients could arise from the same region. 

 

7.3 The 337 strain is related to German strains 

 

The German strains which were isolated from a bird and mosquitoes are related to the 337 strain. 

Based on the phylogenetical tree it seems that the 337 strain has diverted earlier compared to other 

German strain in the same clade. It raised some questions why the 337 strain (isolated from Finnish 

patient) is related to German strains and not to other Finnish SINV strains. 

One factor explaining this relation could lie in the SINV-I genotype where the strains are closely 

related to each other (Ling et al. 2019). It was hypothesized that strains isolated for example from 
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Germany and from Finland would share the same ancestor (Ling et al. 2019). (The hypothesis was 

discussed in the literature review (see chapter 4.8). 

 

Beside the common ancestor hypothesis one possible explanation for the close relation between the 

strain 337 and German strains could be large endemic region of SINV strains. The northern 

European clade 1A strains could form a large endemic region from Sweden to Finland and to 

Russian Karelia. In this endemic region the strains could circulate in their own local level using 

suitable vector and hosts species which would differ in the countries of the endemic region. Strains 

from this endemic region could be introduced to other countries via migratory birds thus allowing 

strains to spread to new countries e.g. from Finland to Germany. SINV strains could also spread via 

wind carrying mosquitoes or by human factor e.g. on flower deliveries containing mosquitoes. 

 

There is also a possibility that Finnish SINV strains have spread to Germany and later adapted there 

to local vectors. But if SINV strains have spread from Finland to Germany, why there is no clinical 

cases in Germany?  

 

There have been some studies related to SINV strains circulating in Germany (Eiden et al. 2014; 

Scheuch et al. 2018; Jöst et al. 2011). The pathogenic status of these strains is unknown and it 

seems that SINV is circulating in Germany but does not cause disease as in Finland (Jöst et al. 

2011). Jöst and colleagues conducted a study where they looked how prevalent SINV was in 

Germany and where they focused to Weinheim region because SINV had been previously isolated 

from mosquitoes in that region (Jöst et al. 2011). They tested over three thousand blood donor 

samples for SINV specific antibodies and over three hundred blood samples from patient suspected 

with SINV infection but they found only four donated blood sample to be SINV seropositive and all 

patient samples were SINV negative (Jöst et al. 2011). From this they concluded SINVs 

seroprevalence to be 0.1 % in south-west Germany and they highlighted that SINV is not medically 

relevant in the tested  area (Jöst et al. 2011).  

 

In Finland it has been hypothesized that location and environmental factors could affect how 

humans are exposed SINV infection. For example, in Finland SINV infections are usually acquired 

when people are walking in forests during SINV season from August to September. Typically, 

humans are hunting or gathering berries and mushrooms thus exposing themselves to mosquito 

bites (Brummer-Korvenkontio et al. 2002). So, in Finland usually SINV is infections are acquired 
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from forest environments which can be considered as rural environment. In Finland and in Sweden 

SINV is typically found in rural forest environments while in Germany SINV strains are isolated 

from urban areas (e.g. a hooded crow in Berlin and Weinheim city gardens), rural areas or from 

wildlife sanctuaries (Scheuch et al. 2018; Jöst et al. 2010; Eiden et al. 2014).  

It has been proposed that environmental factors could affect Pogosta clinical case (Brummer-

Korvenkontio et al. 2002; Jalava et al. 2012). For example the depth of snow layer could affect to 

the following summers mosquitoes numbers and thus to the Pogosta clinical case (Brummer-

Korvenkontio et al. 2002). Jalava and colleagues proposed that the most suitable environmental 

conditions for SINV are met in central to eastern Finland region (Jalava et al. 2012). This region 

corresponds by latitudes to northern Sweden where SINV outbreaks have been recorded in rural 

areas (Bergqvist et al. 2015).  

Pathogenic SINV strains could be circulating in Germany but suitable vector or host mammals 

could be missing. In Finland Tetrao species birds are proposed to be SINV host and enabling viral 

amplification (Kurkela, Rätti, et al. 2008). It was previously noted that SINV had a peculiar 7 -year 

cycle which had coindence with grouse population densities (Kurkela, Rätti, et al. 2008). Nowadays 

this cycle is not seen any more even though the amount Pogosta clinical cases fluctuate yearly. Last 

year 71 Pogosta clinical cases were diagnosed and there was slight increase compared to previous 

years (THL Tartuntatautirekisterin tilastotietokanta, 2019).  

 

Other explanations why SINV causes disease in Finland and not in Germany could lie in the HLA 

alleles. HLA class II allele DRB1*01 has been linked with prolonged symptoms of Pogosta disease 

and it has been shown to me more prevalent among SINV infected patients (Sane, Kurkela, Lokki, 

et al. 2012). It would be interesting to conduct a study where HLA class II allele DRB1*01 

prevalence would be mapped by regions in Finland and then compared to Pogosta disease 

prevalence. Could there be regions where this allele is more prevalent? Could these regions have 

more Pogosta clinical cases? This type of research could be combined with mosquito screenings, 

meaning that mosquitoes would be collected from all over Finland, screened for SINV and later 

looked if the suitable mosquitoes for SINV are coinciding with regions with HLA allele and 

Pogosta clinical case. These type of results could be used for modelling future SINV outbreak areas 

and for preventive measures e.g. informing people living in the areas for the risk of obtaining 

Pogosta disease and to avoid mosquito bites during SINV season. 
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7.4 The 337 strain and Finnish SINV strains 

 

The Finnish pathogenic SINV strains are all isolated from the eastern part of Finland and the 337 

strain is the first SINV strain which originates from Central Finland region (Sane, Kurkela, Putkuri, 

et al. 2012; Kurkela et al. 2004).  It would be interesting to see if the Finnish SINV strains would 

follow “East-West” division in Finland, meaning that the SINV strains isolated from the western 

part of Finland could be more closely related to strains from Sweden and Germany. Compared to 

strains isolated from eastern part of Finland, which could be more related to e.g. Russian Karelian 

strains. To test this hypothesis more SINV strains should be collected from different parts of 

Finland. Currently, SINV has spread to whole country and it is not exclusive only to Ilomantsi 

region (Jalava et al. 2012). This observation is supported by two things, first SINV antibodies are 

detected in whole country and secondly SINV clinical cases are all around the country annually 

detected (Sane et al., 2011, THL Tartuntatautirekisterin tilastotietokanta, 2019) 

 

7.5 Mosquito species determination for sample P1 – multiple candidates for the role of SINV 

vector 

 

Based on the current COI sequence alone (see chapter 6.5.1), the exact mosquito species for P1 

sample pool cannot be determined. The low sequence homology to database sequences suggest that 

the NCBI database is lacking sequence data of the species in question.  

Before the homogenization, the sample P1 pools mosquitoes were morphologically identified to 

belong to Ochlerotatus genus. The only Finnish SINV strain previously isolated from mosquitoes, 

Ilomantsi region-2005M, was also isolated from mosquitoes most likely belonging to Ochlerotatus 

genus (Sane, Kurkela, Putkuri, et al. 2012). Currently, the exact vector species for SINV in Finland 

is not known but based on previous research results and the results conducted for this master thesis 

it could indicate that mosquitoes from Ochlerotatus genus could play a role in SINV lifecycle in 

Finland. This is supported by a study made by Tingström and colleagues where they found SINV 

positive larvae belonging to Ochlerotatus genus indicating that Oclerotatus genus members can 

harbour SINV (Tingström et al. 2016).  

Hesson and colleagues on the other hand have proposed that Cx. torrentium could be the main 

vector for SINV in Scandinavia whereas the Cx. pipiens could be the secondary vector (Hesson et 

al. 2015). There seem to be no consensus of what the exact vector for SINV because SINV has been 
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isolated from multiple different mosquito species (table S3). Beside this, SINV has also been 

reported to be isolated from mosquitoes belonging to Aedes genus e.g. from Aedes cinereus, Aedes 

rossicus and from Aedes ochraceus (Sigei et al. 2018; Ling et al. 2019). When observing the gene 

bank files (table S3) of whole genome sequences of SINV, such species as Mansonoides 

fuscopennata, Anopheles maculipennis and Culiseta morsistans are also reported (table S3) (Jöst et 

al. 2010; Ling et al. 2019; Bergqvist et al. 2015). 

 

SINV mosquito vector species might vary between countries because different mosquito genera 

have been reported (table S3). There could be three possible explanations for this multi-use of 

different mosquito genera. First, the SINV could be flexible to use multiple different mosquito 

species (Culex, Culiseta, Aedes, Ochlerotatus) as vectors and not just settle for one specific species. 

Secondly, the different SINV genotypes could have adapted to regional mosquito species which 

could explain the variation of vector species. For example, in the northern Europe, SINV could have 

specific mutations in the genome which could allow to use Cx. torrentium, Cx. pipiens or 

Ochlerotatus sp.  mosquitoes as vectors. Thirdly, there could be competition between other 

arboviruses and SINV of the same mosquito vectors. There could be a possibility for other 

arboviruses e.g. from the same genus to compete with each other if similar receptors, vector species 

or ecological niche are used. This could explain why in some regions other alphaviruses are more 

present compared to SINV which has spread globally.   

8. Conclusions 

 

In this master thesis two new Finnish SINV strains were isolated and characterized. These two new 

strains were isolated from different sources, from mosquitoes (the P1 strain) and from human serum 

(the 337 strain). SINV was isolated from human serum (the 337 strain) first time in Finland. In the 

world this has been done only once previously. These new isolated SINV strains differ from each 

other and it was revealed that the 337 strain which was more closely related to German strains than 

to Finnish strains, indicating that there is currently two different SINV strains circulating in 

Finland. There might be a possibility that the patient had been travelling to e.g. Germany but the 

whereabouts regarding to the travelling status could not been verified for this master thesis. There is 

a possibility that SINV infection had been acquired in Finland. The P1 strain was closely related to 

Finnish Ilomantsi region-2005M strain. 
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10. Supplementary tables 

Table S1. All Maxima RT and PCR reagents, suppliers, primer sequences and amplification protocols of used PCR methods. 

PCR protocol Reagent name Supplier Sequence of primers PCR amplification 

protocol 

Control used 

Nested-RT-PCR for 

Alphaviruses 

 

 

 

 

 

 

 

 

 

Sánchez-Seco et al., 

2001 
 

DreamTaq™ Buffer (10X) 

 

dNTP 

 

DreamTaq DNA 

Polymerase  (5 

U/µL) 

 

Sterilized H2O  

 

 
 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

 
 

RT-PCR amplification step primers: 

Alpha1+:  

5 

6137GAYGCITAYYTIGAYATGGTIGAIGG6172 

3 

Alpha1−: 

 5 6509KYTCYTCIGTRTGYTTIGTICCIGG6485 

3 

 

Nested PCR amplification step primers: 

Alpha2+:  

5 6315GIAAYTGYAAYGTIACICARATG6339 3 

Alpha 2−:  

5 6618GCRAAIARIGCIGCIGCYTYIGGICC6593 

3. 

 

Initial denaturation: 

3 min for 94 ⁰C 

 

Amplification cycles 39 

 

One cycle: 

30 sec for 94 ⁰C 

1 min for 52 ⁰C 

30 sec for 72 ⁰C 

 

Final extension 5 

minutes for 72 ⁰C 

Positive 

control: 

CHIKV RNA 

diluted in PCR 

grade water 

 

 

Negative 

control H2O 
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 Maxima RT 

 

 

 

 

 

 

 

Thermo Fisher 

Scientific manual 

MAN0012044 

Random hexamers 

 

dNTP 

 

5X RT Buffer 

 

Ricolock (40 U/µL) 

 

Maxima Reverse  

Transcriptase (200 U/µL) 

Sterilized H2O 
 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

No primers required Add random hexamers 

to RNA 

5 min for 65 ⁰C  

Cool down on ice  

 

Mix reaction buffer and 

RT enzyme to the rest 

of the reaction 

  

10 min for 25 ⁰C 

30 min for 50 ⁰C 

5 min for 85 ⁰C 

Positive 

control: 

CHIKV RNA 

diluted in PCR 

grade water 

 

 

Negative 

control H2O 

 

Real-Time RT-PCR 

for SINV 

 

 

 

  

Sane et al., 2012 

TaqMan™ Fast Virus 1-

step Master Mix  

 

Tagman® probe 

Sterilized H2O 

Applied 

Biosystems  

 

Applied 

Biosystems 

Forward primer: 

GGTTCCTACCACAGCGACGAT  

 

Reverse 

primer:TGTTTTCCGAGCACCAGTATCA 

 

Tagman® probe: TTGGACATAGGCAGCGCA 

50 ⁰C for 30 min 

95 ⁰C for 15 min 

 

45 cycles: 

95 ⁰C for 15 seconds 

60 ⁰C for 1 min 

Positive 

control: SINV 

RNA diluted 

in PCR grade 

water 

 

Negative 

control H2O 
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COI PCR 

 

 

 

 

 

 

 

 

 

 

 

Folmer et al. 1994 

DreamTaq™ Buffer (10X) 

 

dNTP  

 

DreamTaq DNA 

Polymerase  

(5 U/µL) 

Sterilized H2O 

 

 

 
 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

LCO1490: 

5'-GGTCAACAAATCATAAAGATATTGG-3' 

 

HCO2198: 

5'-TAAACTTCAGGGTGACCAAAAAATCA-

3' 

 

Initial denaturation: 

95 ⁰C for 3 min 

 

Amplification cycles 35 

 

One cycle: 

94 ⁰C for 1 min 

45 ⁰C for 1 min 

72 ⁰C for 1,5 min 

 

Final extension for 7 

minutes for 

 72 ⁰C 

No positive 

control 

 

Negative 

control H2O 

 

 

 

 

 

 

 

 

 

Nested-RT-PCR for 

Bunyaviruses 

 

 

 

 

Kuno et al., 1996 

DreamTaq™ Buffer (10X) 

dNTP  

DreamTaq DNA 

Polymerase (5 U/µL) 

Sterilized H2O 

 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

ThermoFisher 

Scientific™ 

BCS82C  

ATGACTGAGTTGGAGTTTCATGATGTCGC 

 

BCS332V  

TGTTCCTGTTGCCAGGAAAAT 

 

Amplification cycles 39 

One cycle: 

94 ⁰C for 1 min 

56 ⁰C for 1 min 

72 ⁰C for 1 min 

Final extension for 5 

minutes for72 ⁰C  

Positive 

control: BAT 

RNA diluted 

in PCR grade 

water 

Negative 

control H2O 
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Table S2. Mosquito samples collection locations, site coordinates and habitats 

Collection 

name 

Specific 

locality 

Latitude 

and 

longitude 

Elevation 

from sea 

level  

Collection 

method 

Type of 

terrain 

Shade Wind Environment 

type 

Municipality Region Nearest 

town 

Country 

Collection 

1 

Megri 

Matkailu, 

Yliopistontie 

4 

62°46'13.4"N 

30°58'25.2"E 

198 m Prokopack Plain Partial Light Garden Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

2 

Megri 

Matkailu, 

Yliopistontie 

4 

62°46'13.4"N 

30°58'25.2"E 

198m Prokopack Plain Partial Light Garden Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

3 

Megri 

Matkailu, 

Yliopistontie 

4 

62°46'13.4"N 

30°58'25.2"E 

198m Mosquito 

Magnet 

- - - Garden 
    

Collection 

4 

Harjutie 62°46'14.5"N 

30°58'23.3"E 

135m Prokopack Plain Partial Light Swamp with 

forest 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

5 

- 62°43'06.4"N 

31°00'22.0"E 

154m Prokopack Plain Partial Light Swamp with 

forest 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

6 

- 62°43'05.3"N 

31°00'26.2"E 
 

153m Prokopack Plain Partial Light Swamp with 

forest 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 
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Collection 

7 

- 62°43'02.4"N 

31°00'37.3"E 

168m Prokopack Hill Partial Light Mixed forest: 

coniferous & 

deciduous 
 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

8 

- 62°43'19.1"N 

31°00'46.1"E 

160 m Prokopack Hill Partial Light Mixed forest: 

coniferous & 

deciduous 

 

Lakeside 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

9 

- 62°43'09.8"N 

31°00'25.0"E 

157m Prokopack Forest 

road 

Partial Light Mixed forest: 

coniferous & 

deciduous 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

10 

- 62°43'08.9"N 

31°00'21.7"E 
 

152m Mosquito 

Magnet 

Plain Partial Light Mixed forest: 

coniferous & 

deciduous 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

11 

- 62°46'43.6"N 

30°56'51.7"E 

147m Prokopack Plain Partial Gusts Mixed forest: 

coniferous & 

deciduous 

 

Swamp with 

open forest 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 
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Collection 

12 

- 62°46'45.5"N 

30°56'35.9"E 

147m Prokopack Plain Partial Gusts Mixed forest: 

coniferous & 

deciduous 

 

Swamp with 

open forest 

 

Lakeside 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

13 

- 62°46'48.0"N 

30°56'44.0"E 

145m Prokopack Plain Partial Gusts Mixed forest: 

coniferous & 

deciduous 

 

Swamp with 

open forest 

Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

14 

Megri 

Matkailu, 

Yliopistontie 

4 

62°46'13.4"N 

30°58'25.2"E 

198m Mosquito 

Magnet 

Plain Partial Light Garden Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 

Collection 

15 

Megri 

Matkailu, 

Yliopistontie 

4 

62°46'13.4"N 

30°58'25.2"E 

198m CDC light 

traps 

Plain Partial None Garden Ilomantsi 

region 

Northern 

Karelia 

Mekrijärvi Finland 
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Table S3. Whole genome sequence table with all information on used sequences in phylogenetical tree constructions. 

Isolate name Country of origin Collection 

date 

Source material  Genome 

type 

Sequencing type GenBank 

Accession 

number 

Reference study 

LEIV-9298 Karelia, Russia - Mosquito Completed Pyrosequencing JQ771799 Sane et al., 2012 

Johannes-2002 Finland 2002 Homo sapiens Completed Pyrosequencing JQ771797 Sane et al., 2012 

Kiihtelysvaara-2002 Kiihtelysvaara, 

Finland 

2002 Homo sapiens Completed Pyrosequencing JQ771798 Sane et al., 2012 

Ilomantsi region-

2002A 

Ilomantsi region, 

Finland 

2002 Homo sapiens Completed ABI Prism dye 

terminator  

sequencing kit 

JQ771794 Sane et al., 2012 

Ilomantsi region-

2002B 

Ilomantsi region, 

Finland 

2002 Homo sapiens Completed Pyrosequencing JQ771795 Sane et al., 2012 

Ilomantsi region-

2002C 

Ilomantsi region, 

Finland 

2002 Homo sapiens Completed Pyrosequencing JQ771796 Sane et al., 2012 

Ilomantsi region-

2005M 

Ilomantsi region, 

Finland 

2005 Mosquito Completed ABI Prism dye 

terminator 

 sequencing kit 

JQ771793 Sane et al., 2012 

5.3 Weinheim, 

Germany 

2009 Anopheles maculipennis Completed Sanger dideoxy 

sequencing 

GU361116 Jöst et al., 2010 

28.9 Weinheim, 

Germany 

2009 Culex torrentium Completed Sanger dideoxy 

sequencing 

 GU361118 Jöst et al., 2010 
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Giessen_2016-A Germany 2016 Columba palumbus Completed IonTorrent MF543016 Unpublished/ 

Keller et al., 

2017 

15Z03121 Germany 2015 Culex torrentium Completed Sanger dideoxy 

sequencing 

MG779533 Scheuch et al., 

2018 

BNI-10865 Heidelber, 

Germany 

2016 Culex pipiens 

s.l./torrentium 

Completed Illumina MF589985 Unpublished/ 

Jansen et al., 

2017 

BNI-CuliMo543 Germany 2016 Culex pipiens Completed Illumina MG495620 Unpublished/ 

Jaworski et al., 

2017 

Z158523 Germany 2016 Culex pipiens/torrentium 

pool 

Completed Sanger dideoxy 

sequencing 

MG779535 Scheuch et al., 

2018 

Berlin-2010A Germany 2012 Corvus corone cornix Completed - JX570540 Eiden et al., 

2012 

Tatarstan Tatarstan, Russia - - Completed Sanger dideoxy 

sequencing 

MG679380 Unpublished/ 

Belyaev et al., 

2017 

SV-1383 Karelia, Russia - Somateria mollissima Completed Sanger dideoxy 

sequencing 

MG679379 Unpublished/ 

Belyaev et al., 

2017 
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F-720 Armenia 1990 Bubulcus ibis Completed Sanger dideoxy 

sequencing 

MG679376 Unpublished/ 

Belyaev et al., 

2017 

Kyzylagach LEIV-

65A 

Azerbaijan 1963 - Completed Sanger dideoxy 

sequencing 

MG679374 Unpublished/ 

Belyaev et al., 

2017 

LEIV-Ast03-1-844 Astrakhan, Russia 2003 - Completed Sanger dideoxy 

sequencing 

MG679378 Unpublished/ 

Belyaev et al., 

2017 

LEIV-Ast03-1-839 Astrakhan, Russia 2003 - Completed Sanger dideoxy 

sequencing 

MG679377 Unpublished/ 

Belyaev et al., 

2017 

Stavropol Stavropol, Russia - - Completed Sanger dideoxy 

sequencing 

MG679375 Unpublished/ 

Belyaev et al., 

2017 

Altay Altay krai, Russia - - Completed Sanger dideoxy 

sequencing 

MG679373 Unpublished/ 

Belyaev et al., 

2017 

Lovanger Vasterbotten, 

Sweden 

2013 Culiseta morsistans Completed Sanger dideoxy 

sequencing 

KF737350 Bergqvist et al., 

2015 

Ockelbo 82 Edsbyn, Sweden 1982 Culiseta spp. Completed Sanger dideoxy 

sequencing 

M69205 Shirako et al., 

1991 
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E597 Sweden 2002 Aedes rossicus Completed Illumina MK045224 Ling et al., 2019 

E594 Sweden 2002 Aedes rossicus Completed Illumina MK045225 Ling et al., 2019 

84M140 Sweden 1984 Culiseta morsistans Completed Illumina MK045226 Ling et al., 2019 

83M108 Sweden 1983 Culex pipiens/torrentium Completed Illumina MK045227 Ling et al., 2019 

83M107 Sweden 1983 Culiseta morsistans Completed Illumina MK045228 Ling et al., 2019 

Vmork1/92 Norway 1983 Aedes sppp Completed Illumina MK045229 Ling et al., 2019 

86828 Sweden 1985 Culiseta morsistans Completed Illumina MK045230 Ling et al., 2019 

95M116 Sweden 1995 Aedes cinereus Completed Illumina MK045231 Ling et al., 2019 

86752 Sweden 1985 Culex pipiens/torrentium Completed Illumina MK045232 Ling et al., 2019 

85M78 Sweden 1985 Aedes cinereus Completed Illumina MK045233 Ling et al., 2019 

85M94 Sweden 1985 Culex pipiens/torrentium Completed Illumina MK045234 Ling et al., 2019 

E917 Sweden 2002 Culex pipiens/torrentium Completed Illumina MK045235 Ling et al., 2019 

85M68 Sweden 1985 Culiseta morsistans Completed Illumina MK045236 Ling et al., 2019 

86520P3 Sweden 1985 Culex pipiens/torrentium Completed Illumina MK045237 Ling et al., 2019 

E945 Sweden 2002 Aedes rossicus Completed Illumina MK045238 Ling et al., 2019 

09_M_991 Sweden 2009 Culex torrentium Completed Illumina MK045239 Ling et al., 2019 

F231 Sweden 2003 Aedes cinereus Completed Illumina MK045240 Ling et al., 2019 

09_M_519 Sweden 2009 Culex pipiens Completed Illumina MK045241 Ling et al., 2019 

09_M_564 Sweden 2009 Culex torrentium Completed Illumina MK045242 Ling et al., 2019 

09_M_526 Sweden 20009 Culex torrentium Completed Illumina MK045243 Ling et al., 2019 

85M134 Sweden 1985 Culex pipiens/torrentium Completed Illumina MK045244 Ling et al., 2019 

09_M_358 Sweden 2009 Culex torrentium Completed Illumina MK045244 Ling et al., 2019 
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SAAR_18141 South Africa 1976 Culex univittatus Completed Illumina MK045245 Ling et al., 2019 

AR18132 South Africa 1974 Culex univittatus Completed Illumina MK045246 Ling et al., 2019 

MP684 Uganda 1960 Mansonoides 

fuscopennata 

Completed Illumina MK045247 Ling et al., 2019 

4251SM6 Cameroon 1969 Mosquito Completed Illumina MK045248 Ling et al., 2019 

SAAR_6071 South Africa 1964 Culex univittatus Completed Illumina MK045249 Ling et al., 2019 

NCBI reference 

Sindbis virus 

- 1972 Laboratory strain Completed - NC_00154

7 

Strauss et al., 

1984 

ArB489 Central African 

Republic 

1985 Arthropod specimen Completed Illumina MF409177 Unpublished/ 

Tricou et al. 

2018 

ArB7761 Bozo, Central 

African Republic 

1977 Culex cinereus Completed Illumina MH212167 Sem Ouilibona  

et al., 2018 

BONI_566_KENYA

_2013 

Boni forest, Kenya 2013 Aedes ochraceus Completed Sanger dideoxy 

sequencing 

KY616987 Sigei et al., 2018 

BONI_584_KENYA

_2013 

Boni forest, Kenya 2013 Aedes tricholabis Completed Sanger dideoxy 

sequencing 

KY616985 Sigei et al., 2018 

SW6562 South Perth, 

Australia 

1990 Culex annulirostris Completed - AF429428 Saleh et al., 2003 

XJ-160 Xinjiang, China 1990 Anopheles sp. Completed - AF103728 Liang et al., 

2000 
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YN_22 Yunnan province, 

China 

2013 Midge Completed Illumina MH229928 Unpublished 

NCBI reference 

Whataroa virus 

New Zealand 1962 Culiseta and Culex spp. Completed - HM147993 

 

Forrester et al., 

2012 

 


