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Abstract 
Globally, vector borne diseases cause more than a million deaths each year and more 

than a billion infections in humans. Ticks are of big medicinal importance since they 

can transmit pathogens that can cause serious infections. Some recently discovered 

pathogens that can cause infections in humans are Anaplasma phagocytophilum (A. 

phagocytophilum) that can cause human granulocytic anaplasmosis (HGA) and 

Candidatus Neoehrlichia mikurensis (N. mikurensis) that can cause Neoehrlichiosis. It 

is still widely unknown how prevalent these pathogens are, if ticks can be infected with 

both of these pathogens and if these pathogens can be transovarially transmitted from 

adult female to egg and larvae. This study aims to screen for these pathogens in 

collected ticks from southern Sweden and to detect eventual co-infections and 

transovarial transmission. A real-time qPCR assay targeting the 16S rRNA gene of N. 

mikurensis and other Anaplasmataceae was applied on 1356 Ixodes ricinus (I. ricinus) 

ticks collected from 5 sites in southern Sweden. Positive samples were subjected to 

Sanger sequencing. A. phagocytophilum occurred in 4.64 % of the ticks, N. mikurensis 

occurred in 1.33 % of the ticks and also Rickettsia was found to occur in 6.27 % of the 

ticks. No co-infection was detected. Some samples of tick larvae showed positive 

results after qPCR, indicating transovarial transmission, but none of the sequences were 

readable.  
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Sammanfattning 
Vektorburna sjukdomar orsakar globalt sett mer än en miljon dödsfall varje år och mer 

än en miljard infektioner hos människor. Fästingar är av stor medicinsk betydelse, 

eftersom de kan överföra patogener som kan orsaka allvarliga infektioner. Några 

nyligen upptäckta patogener som kan orsaka infektioner hos människor är Anaplasma 

phagocytophilum (A. phagocytophilum) som kan orsaka humant granulocytär 

anaplasmos (HGA) och Candidatus Neoehrlichia mikurensis (N. mikurensis) som kan 

orsaka Neoehrlichios. Det är fortfarande i stor utsträckning okänt hur utspridda dessa 

patogener är, om fästingar kan vara smittade med båda dessa patogener samtidigt och 

om dessa patogener kan transovarialt överföras från vuxen hona till ägg och larver. 

Denna studie syftar till att screena för dessa patogener i fästingar insamlade från södra 

Sverige och för att upptäcka eventuella samtidiga infektioner och transovarial 

överföring. En realtid qPCR analys inriktad på 16S rRNA-genen i N. mikurensis och 

andra Anaplasmataceae utfördes på 1356 Ixodes ricinus (I. ricinus) fästingar insamlade 

från 5 platser i södra Sverige. Sanger-sekvensering utfördes på positiva prover. A. 

phagocytophilum hade en prevalens på 4,64% av fästingar, N. mikurensis detekterades i 

1,33% av fästingar och även Rickettsia detekterades i 6,27% av fästingarna. Ingen 

samtidig infektion upptäcktes. Vissa prover av fästinglarver visade positiva resultat efter 

qPCR analysen men ingen av sekvenserna var läsbara.  



 
 

 

 
Abbreviation 
Ct value – crossing threshold 

ddNTP – dideoxynucleotide 

HGA – human granulocytic anaplasmosis 

HME – human monocytic erlichiosis 

PCR – polymerase chain reaction 

TBE – tick-borne encephalitis  
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1. Introduction 
1.1 Vector borne diseases 
Vector borne diseases are of great public health concern, with more than a billion 

human infections globally each year and more than a million deaths (1). The two most 

important vectors are mosquitos and ticks, where mosquitos transmit disesases such as 

malaria, Chikungunya and dengue fever (1). Ticks are of large concern since they can 

transmit pathogens that can cause serious infections, for example tick-borne encephalitis 

virus (TBEV), several species of Borrelia, Anaplasma and Rickettsia bacteria and the 

eukaryote parasite Babesia. From a veterinary point of view ticks are the most 

important vectors, responsible for many different diseases in animals. At higher 

latitudes in the northern hemisphere ticks from the Ixodes family are common and 

widespread. Ixodes spp. act as vectors for several pathogens including, for instance, the 

spirochete Borrelia burgdorferi that is the causative agent of Lyme disease in humans. 

Approximately 10 000 people in Sweden are infected every year with Lyme disease (2). 

Many tick borne diseases are spillover infections from wild mammals. Small mammals, 

such as rodents, may be reservoirs for pathogens that via tick-bites can end up in 

humans. The zoonotic potential can be exemplified by bacteria in the family 

Anaplasmataceae (3), where one example is Candidatus Neoehrlichia mikurensis (N. 

mikurensis) that recently was identified as a human pathogen (4). Following its 

discovery, screening studies have identified N. mikurensis to be the second most 

common pathogen in the tick species Ixodes ricinus in Europe, wich is also the most 

common tick in Sweden (5). Other diseases that are vector borne and can be transmitted 

by ticks include Rocky Mountain spotted fever, caused by the bacterium Rickettsia 

rickettsia and tularemia caused by Francisella tularensis, that can be life-threatening, 

and Lyme disease that is a more chronic infection (6). Babesia infects the erythrocytes 

of mammals and causes flu-like symptoms. Babesiosis is a known cattle disease but is 

now also understood to be an emerging zoonosis (7). 
 
1.2 Ticks as vectors and the circulation of tick-borne pathogens  
Ticks are arthropods, and members of the class Arachnida. There are three families of 

ticks, the Argasidae and Ixodidae, often called soft and hard ticks, respectively, and a 

single species in the family Nuttalliellidae (8). Common for all ticks are their parasitic 

life histories, feeding by hematophagy and their differential developmental stages: 

larva, nymph and adult. Larvae have three pair of legs and when they develop into 

nymphs they grow a forth pair (8, 9). Before each transformation a bloodmeal is 
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required (2, 8-9). Only hard ticks are of any medical importance in humans and out of 

29 hard tick species in Europe there are four species of larger significance as vectors: I. 

ricinus, Ixodes persulcatus, Dermacentor reticulatus and Dermacentor marginatus (8). 

The tick-borne pathogens exist in the natural environment in a so-called three-

component pattern: with animal reservoirs, amplifiers and efficient vectors. The animal 

reservoir is also called the zoonotic reservoir or competent reservoir and is the first 

source of infection for ticks (8). These consist of wild mammals of different sizes 

depending on the pathogen. For a mammal to be a competent host for pathogens, 

several parameters need to be fulfilled, for instance the mammal needs to be able to 

survive the infection for some time, the pathogen needs to be persistent, able to replicate 

within the host, and the animal should not be resistant to tick-feeding (8). The host 

population needs to be large enough and evenly distributed in an area to sustain the 

pathogen over time (8). With all these parameters in mind it is clear that the most 

significant animal reservoir is rodents who live in large and dense populations. Rodents 

serve as hosts mainly for tick larvae (8). Amplifier is the second step in tick-borne 

pathogen circulation and is dominanted by artiodactyls like deer (8). They are called 

amplifiers because they are not considered to be competent hosts for some pathogens 

and they are mainly hosts for nymphs and adult ticks (8). The third step is the efficient 

vector, wich in this case are the ticks. In order for ticks to be considered as a efficient 

vector some parameters must be fulfilled here as well. In order for ticks to be considered 

as a efficient vector some parameters must be fulfilled here as well. For transmission of 

pathogens from the tick to a mammal host to be secured the feeding duration need to 

exceed 24 hours (8, 9). The population of ticks in an area need to exceed the mammal 

population (8, 9).     

 
1.3 Ixodes ricinus  
I. ricinus is the most common tick species in Europe, distributed almost throughout the 

entire continent (2, 8). This tick species occurs in a large range of environments and 

feeds from a variety of hosts. The main host of larvae and nymphs are small mammals 

like rodents which are mainly attacked by larvae, whereas mammals like badgers, hares 

and foxes are mainly attacked by nymphs (8). Adult ticks mainly feed on larger 

mammals like deer and cattle (8). Humans can be bitten by ticks of all life stages (8). I. 

ricinus ticks are active during the months of March to October and the adults peak in 

their activity in March to early June and September to October (8). I. ricinus is one of 
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the most significant vectors of pathogens and act as vector for TBEV, B. burgdorferi, 

Anaplasmatacae and Rickettsia, among others (2, 8).  

 
1.4 Anaplasma phagocytophilum 
New molecular techniques have lead to a more resolved and accurate phylogenetic 

classification of the bacterial species within the families Rickettsiaceae and 

Anaplasmataceae (10). Anaplasmataceae is a newly constituded family and since 

sequences of 16S rRNA from different species and strains of bacteria within this family 

was determined it has been suggested that new taxonomic organisation of the genera 

Anaplasma, Cowdria, Neorickettsia, Wolbacchia and Erlichia into four distinct genetic 

groups should be established (10). Anaplasmataceae is a rickettsial family of bacteria 

that can cause for example a disease called human granulocytic anaplasmosis (HGA), 

wich is caused by the species A. phagocytophilum (5, 10-13). This family comprises 

several bacterial species of medical significance that can be transmitted from ticks to 

other hosts, for example A. phagocytophilum and Erlichia chaffeensis (3).  

 

A. phagocytophilum is an intragranulocytic alpha-proteobacterium that can be 

transmitted by several species of hard ticks within the Ixodes family (11). This is a 

pathogen that infects a large variety of hosts and can cause a cattle disease called tick-

borne fever (TBF) and also HGA, which is getting an increasing recognition in Europe 

and USA (11, 12). The epidemiological cycle of A. phagocytophilum is very complex 

and involves many different ecotypes and hosts. This is a recently discovered human 

pathogen but it is well known within veterinary medicine (11). The phylogenetic 

classification of A. phagocytophilum has not yet been completely established. It has 

been shown in various studies that different strains of A. phagocytophilum show a lot of 

genetic variation (10-13). Different variants of the 16S rRNA gene of A. 

phagocytophilum seems to be dependent of habitat structure and occurance of specific 

potential reservoir hosts. Phylogenetic investigation of the groEL gene has revealed a 

clustering of sequences into those from roe deer and those from other hosts, and also 

clustering according to geographic origin (13). Studies have shown that two different 

genetic variants of A. phagocytophilum named Ap-VI and Ap-ha can co-exist in the 

same areas and vectors but seem to have different vertebrate hosts (11). A. 

phagocytophilum has been shown to be able to cause disease in humans, sheep, cattle, 

horses, dogs, cats and several species of wild animals (11, 13). There have been few 

cases of HGA in Europe, but the numbers are rising (10-13). This may be the cause of 
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an increased infection rate or the result of improved surveillance. The symptoms of 

HGA is non-specific and can vary from case to case, but usually include influenza-like 

illness with fever, headache, myalgia and malaise (11, 12). The symptoms may be 

linked to low cell counts because of an increased number of lyzed blood cells (12). The 

known vector in Europe is ticks of the species I. ricinus wich acquire A. 

phagocytophilum during feeding (12, 13). It seems as if only female ticks in the 

developemental stages of nymph and adult can transmit A. phagocytophilum mainly 

because male ticks do not feed (11). A. phagocytophilum has been detected in nine 

different species of rodents, but whether rodents also act as reservoir hosts is unclear 

(10). The first human case of HGA was discovered in 1990 in Wisconsin, USA, where a 

patient with severe febrile illness died two weeks after a tick-bite (12). Analysis of 

bloodsmears showed clusters of bacteria within the neutrophils. The disease was first 

believed to have been caused by the similar pathogen E. chaffeensis that also belongs to 

the family Anaplasmataceae. E. chaffeensis causes the disease human monocytic 

erlichiosis (HME), wich shows similar symptoms as HGA. It was later discovered with 

a broad spectrum molecular amplification technique that this pathogen was distinct from 

E. chaffeensis (12). HGA has been the cause of seven deaths in the state of Connecticut 

in USA, and around 5-7 % of the infected patients have needed intensive care (12). The 

Anaplasma spp. is a small, obligate intracellular gram-negative bacterium wich, unlike 

other gram-negative bacteria, lacks lipopolysaccharides and peptidoglycans but instead 

includes cholesterol in the membrane. This allows it to escape the Nod like and Toll like 

receptor pathways (12, 13). When the A. phagocytophilum pathogen is transmitted from 

the tick to the human host it resides in the early endosome and grow into a cluster called 

morula (12). It prefers myeloid or granulocytic cells in the perifere bloodstream. It 

infects the neutrophils by binding to fucosylated and sialylated scaffold proteins on the 

surface. The bacterium is translocated into the cells and there it divides until cell lysis 

occurs (12). Studies show that A. phagocytophilum survive and can delay apoptosis by 

detoxyfieing superoxides produced by the neutrophil phagocyte oxidase assembly and 

activates an anti-apoptosis cascade. So A. phagocytophilum cause a significant 

disruption of normal neutrophil function (12, 13). The treatment for HGA used today is 

the antibiotic tetracycline and so far no vaccine has been developed. It is a challenge to 

develop a vaccine that targets all variants of A. phagocytophilum but an alternative 

could be a vaccine that targets ticks and pathogen transmission (13). The prevalence rate 
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has been shown to vary between and within countries from <1 % to ≈20 % in questing 

ticks mainly I. ricinus in Europe (13).  

 
1.5 Candidatus Neoehrlichia mikurensis 
The number of zoonotic tick-borne pathogens is expanding and has recently started to 

include N. mikurensis from the family Anaplasmataceae (5). This species has been 

detected in human patients with severe febrile illness, from Sweden, Switzerland, 

Germany and the Czech Republic (4, 14-16). In collected ticks from certain areas in 

Europe the prevalence of this pathogen has been estimated to be up to 10 % (5). In 

several studies this pathogen have been found to be one of the most prevalent pathogens 

in I. ricinus ticks (3, 5). Much like A. phagocytophilum this pathogen was first thought 

to be an Erlichia spp. when it was discovered in the Netherlands 1999 but was later 

reclassified (10). The exact phylogenetic classification is not completely revealed, as 

most of the genome is unknown due to the bacterium being unculturable with current 

methods. N. mikurensis has also been detected in many rodents but wich animals that 

can act as reservoir hosts are still largely unknown (3). N. mikurensis is a strict 

intracellular bacterium like many other bacteria in the family Anaplasmataceae. The 

infectious disease that this pathogen can cause results in symptoms like severe febrile 

illness with thromboembolic events and is called Neoehrlichiosis (17).     

 
1.6 Co-infections in ticks 
Given the high prevalence of several tick-borne pathogens one can assume that 

individual ticks often can be infected with more than one pathogen at a time, so called 

co-infections. Despite this, relatively few studies have been made on this subject. Co-

infection might affect the different pathogens’ functions or transmission. One study 

showed that co-infection in the tick species Dermatocentor andersoni by R. rickettsia 

and Rickettsia peacockii affects the transmission so only R. peacockii is transmitted 

when ticks are infected with both pathogens. R. peacockii does not cause any infection 

in humans but R. rickettsia can cause the lifethreatening disease Rocky Mountain 

spotted fever (5). Tick-transmitted infections and their symptoms might also be 

enhanced or eased by co-infections. Another study showed that infections with both A. 

phagocytophilum and B. burgdorferi generates more symptoms than infections with 

only B. burgdorferi (5). Co-infection of A. phagocytophilum and B. burgdorferi with 

simultaneous erythema migrans occurs (12).  
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1.7 Transovarial transmission 
Transovarial transmission occurs between the adult female tick and the egg and can 

result in larvae that are infected with pathogens who also can infect humans and other 

animals. This happens for instance for Fransicella tularensis that cause tularemia (18) 

or A. phagocytophilum, in D. albipictus but not in I. ricinus (2, 10-13). It is important to 

detect transovarial transmission since larvae is the developemental stage that is most 

numerous and larvae are also difficult to discover on humans and domestic animals due 

to their small size. If transovarial transmission of these pathogens and many other 

pathogens occurs is still unclear and studies to date show mixed results (10-13, 19). 

Earlier studies have shown indications of transovarial transmission in several species of 

ixodid ticks, but most recent studies have not been able to confirm the transovarial 

transmission of F. tularensis from infected adult females to eggs and larvae (18). 

Studies of the pathogen A. phagocytophilum has not shown any indication of 

transovarial transmission in I. ricinus ticks (10-13). Two tick-borne pathogens that can 

be transovarial transmitted from an adult female tick to the eggs and larvae is Rickettsia 

helvetica and the TBE-virus (11). 

 

1.8 Importance of molecular methods for studies of tick-borne 
pathogens 

Efficient DNA extraction from ticks is of great relevance to studies of ticks genetic and 

genomic characteristics as disease vectors and for studies aiming to detect pathogens in 

ticks (20). Many of the tick-borne pathogens can not be cultured in a medium and 

therefore molecular methods are very important in detecting and studying these 

pathogens. The development of the Polymarase Chain Reaction (PCR) method and first 

generation sequencing techniques has been very valuable in the discovery of many tick-

borne pathogens and in revealing the genetic information of many species (21, 22) 
 
1.9 DNA-extraction, general aspects 
Extracted and purified DNA is a prerequisite for most molecular analyzes in a 

laboratory. To extract DNA, the cells need to be lyzed in a way that does not cause too 

much fragmentation of the DNA content. Cell disruption and extraction of DNA is 

therefore often done in the presence of EDTA that takes up Mg2+ ions that DNAses 

require for their function.  Cell walls are often broken down by an enzymatic method. 

Mechanical degradation should be avoided if possible but sometimes it is necessary, for 

example, the extractions of DNA from some organisms like ticks and organs (20, 23). 
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When extracting DNA all materials and solutions should be autoclaved to destroy 

DNAses and avoid contamination. It is important that the protein is denatured to 

produce a pure DNA extraction, and it can be carried out e.g. by mixing the DNA 

extraction with phenol solution and after centrifugation also allow the proteins to fall 

into a separate phase separated from the organic and aqueous phase. The process is 

repeated with the aqueous phase until the protein phase disappear completely. The DNA 

can be precipitated with ethanol, and after centrifugation a DNA-pellet is obtained 

which is re-dissolved in a buffer. The DNA solution can be stored at 4º C for one month 

or in the freezer for longer. To avoid fragmentation of the DNA samples should not be 

thawed and refrozen many times. The yield of DNA and possible contamination can be 

detected by UV spectrophotometry. The DNA-extraction process is today often 

performed in kit-form. This means that the reagents and techniques have been 

standardized and validated by quality controls providing a high reliability. The kits 

consist of small compact columns (e.g. from QIAGEN) and are nowadays used widely 

in research and clinical practice. The reagents used in these kits are the same but 

packaged in a format that provides an automated extraction. There are also automated 

robots that can handle large sample volumes. In such machines, samples like blood 

samples can be placed directly in a microtiter plate (96/384-wells). The extraction 

process is then programmed and all steps performed by the robot. This is more time 

efficient and has made it possible to avoid the manual handling (23). Magna Pure 96 is a 

type of automated extraction robot. This method uses magnetic glass particles for 

isolating DNA, RNA or all nucleic acids from a variety of samples. It is a very quick 

method that can extract 96 samples often in less than an hour (24). QIAGEN DNeasy 

Blood & Tissue Kit uses advanced silica membrane and simple spin centrifugation to 

isolate and purify total cell DNA from a variety of samples and it is provided by the 

DNA being absorbed to the membrane in the presence of a solution with high salt 

concentration that also dehydrates molecules. The buffers used with the kit enable 

specific absorption of DNA, and filters out contaminants as proteins, RNA, and enzyme 

inhibitors (25). Ticks and tissue samples requires more mechanical degradation prior to 

extraction process starts which can result in more fragmentation of the DNA or result in 

low yield. It is especially difficult with ticks from the Ixodes family since they have a 

hard carapace making them difficult to break down. The smallest developmental stage 

of the tick - larvae, contains a limited amount of DNA due to their small size. These 

properties make DNA extraction of ticks a challenge (20).  
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1.10 Polymerase Chain Reaction (PCR) 
PCR is a method used for rapid identification and analysis of DNA. It is used to amplify 

a specific fragment of DNA from a complex mixture of starting material, usually termed 

template DNA. In order to successfully amplify the desired fragment some knowledge 

about the DNA sequence is required. With that knowledge two oligonucleotide primers 

complementary to the sequence can be designed and synthesised. PCR is then 

performed using three steps in several cycles. The first step is denaturation during 

which the reaction volume is heated to above 90° C in order to separate (denature) the 

two strands of DNA. The second step is annealing where the temperature is cooled to 

40-60° C (depending on primers) to allow the primers to hybridize with their 

complementary sites near the target DNA. The third step is extension and the reaction is 

heated once again to 72° C so a thermostable DNA-polymerase can synthesise new 

DNA with the primers as starting point. The primers provide a free 3’-hydroxylgroup 

for the DNA-polymerase and the new strands get extended. These three steps are 

repeated around 30-40 times and called PCR cycles. Additional to these three steps in 

the PCR reaction is also an initial denaturation step before and an elongation step in the 

end. The PCR method is highly sensitive and does not require more than one or two 

molecules of target DNA for successful amplification. The high sensitivity also makes 

this technique vulnerable to contamination hence cleanliness is important when 

performing PCR (23).  Several PCR techniques have been developed for identification 

of Anaplasmataceae based on for example 16S rRNA, groEL and p44 genes (13). In 

tick-borne disease research the PCR method has been very valuable and contributed to 

the discovery of many pathogens (21). 

 
1.11 PCR primer design  
How the oligonucleotide primers are designed determines the PCRs specificity. The 

primers need to be complementary to sequences flanking the target DNA and in order to 

prevent them from binding to each other they also need to not be self-complementary. 

Furthermore, the primers need to be fairly similar in GC-content and annealing-

temperature. PCR primer design is often performed with help from bioinformatic tools 

like Oligo, Generunner and Genefisher (23).  
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1.12 Real-time or quantitative PCR (qPCR) 
Real-time PCR , also called quantitative PCR (qPCR), is often used for identifying the 

initial concentration of the target DNA. This method is more sensitive than ordinary 

PCR because it enables the measurement of accumulated DNA at each cycle instead of 

end-point detection (21, 23). The qPCR-method uses thermal cycles that accumulate 

DNA wich is detected by measuring the fluorescence from fluorescent dye that binds to 

the DNA. The fluorescent dye that is used is a form of cyanine dye that’s called SYBR 

Green. It functions by bindning to the major groove of only double-stranded DNA (23). 

The dye emittes fluorescence following excitation and is proportional to the DNA-

amplicons. The PCR reaction has an arbitrary point wich accumulated DNA-amplicons 

cross and it’s called crossing threshold or Ct value (23). SYBR Green binds non-

specific and therefore to correctly calculate the size of the PCR-product the PCR has a 

built in melting-curve function wich increases the temperature of each sample tube until 

the double-stranded DNA denatures, resulting in specific melting peaks for the PCR-

product (21, 22).  

 
1.13 Sanger Sequencing  
The founders of the first generation sequencing methods are Walter Gilbert, Allan 

Maxam and Frederick Sanger (22). Sanger was first to determine a complete genome 

sequence of a bacteriophage which was followed by the DNA sequencing of a multitude 

of organisms. Sanger developed a rapid method wich determined the sequence by 

primed synthesis with DNA polymerase (26). He later came up with a new technique 

based on the chain-terminating dideoxynucleotide analogues (26). This method has been 

successful and helped build large databases containing sequences from many different 

organisms and has led to the developement of many automated instruments. Although 

Sanger sequencing has been a very succesful method it does have its limitations. These 

instruments are not high-throughput, have limited scalability and are very expensive 

when sequencing a multitude of samples and/or large genomes. A second generation of 

sequencing technologies has now addressed these limitations (22). Sanger sequencing is 

a molecular method used to determine the order of the bases along a DNA-sequence. 

Sanger sequencing is an enzymatic method wich is very similar to the PCR reaction 

(23). It is performed in the same way as a PCR but uses only one primer and 

fluorescently labelled ddNTPs wich emittes different color depending on the base. The 

nucleotide primer hybridisate to the sequence near the 3’-end and then a new strand is 

synthesized from its 5’-end by the DNA polymerase (23). The DNA polymerase that’s 
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usually used in Sanger sequencing is the thermostable Taq DNA polymerase, since it 

can withstand the heat during DNA denaturation and has a pointmutation in the active 

site of the enzyme wich enables the incorporation of ddNTPs (27). When the 

fluorescently labelled ddNTPs are incorporated in the new strand the reaction stops, 

resulting in a DNA fragment with a color at the end. This procedure is repeated in 

several cycles creating fragments in different sizes wich are later sorted by a robot 

according to size. The color incorporated in the fragment at the end makes the fragment 

readable (28). Different genetic variants of for instance A. phagocytophilum is usually 

studied today using nucleotide sequence of 16S rRNA locus (10, 13).  

 
1.14 Ethics 
Within the society and in every professions there is a set of rules that need to be 

followed to create an order. Ethic norms is somewhat based upon these rules but are 

broader than rules and can be interpretaded differently than laws and rules. Most 

proffesions have standards of behaviour that has been adjusted to suit their aims and 

goals. Within scientific research there are some general principals that has been 

established in order to ensure the quality and safety of the scientific work. Some of 

these principals are honesty when reporting data, integrity, objectivity, confidentiality, 

respect for colleages, carefuleness and responsible publication among others. These 

principals are more specific depending on what field of research it applies to but the 

ones mentioned here apply to all research but they are also open for interpretation (29).  
 
1.15 Aim 
The purpose of this study was to investigate the occurence and prevalence of 

Anaplasmatecae pathogens in I. ricinus collected from different sites in Sweden using 

molecular methods. I also wanted to investigate the occurence of eventual co-infections 

and transovarial transmission.  
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2. Material and methods 
2.1 Tick collection  
Ticks of all three developemental stages (larvae, nymph and adult) were collected during the 

summers of 2013-2015 from Hunnestorp, Revinge, Övrabo, Gotland and Öland. For more 

details about the tick collection see reference 7.  

 
Figure 1: Different sampling sites in southern Sweden. 

 
2.2 DNA-extraction with QIAGEN DNeasy Blood & Tissue Kit 
Ticks of the species I. ricinus were obtained from the Zoonotic Ecology and Epidemiology 

laboratory at Linnaeus University and had been stored in ethanol (EtOH) at -20 ° C. To dry out 

the ethanol the ticks were placed on filter paper. To respective tube, 180 µl Animal Tissue 

Lysis (ATL)-buffer (QIAGEN, Germany) was applied and the ticks placed in their respective 

tubes with 2 mm silica-beads (BioSpec, USA). The ticks were broken down mechanically 

!!
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through tubes being shaken vigorously by the bullets in a Next Advance Bullet Blender Storm 

(Techtum, Sweden) colliding with the bottom of the tubes during 10 minutes. Thereafter the 

tubes were centrifuged at 6000 x g for about 20 seconds to reduce the foam and collect all the 

liquid in the bottom of the tubes. The liquid was transferred to new eppendorf tubes and 20 µl 

proteinase K (QIAGEN) was applied to each tube. The solutions were mixed and incubated for 

10 minutes at 56° C. Next, 200 µl AL-buffer (QIAGEN) containing EtOH was added to each 

tube, mixed and incubated for 10 minutes at 56 °C. Then 200 µl 99,5 % EtOH were added to 

each tube and mixed. The solutions were transferred to DNeasy Mini Spin Columns placed in 

collection tubes. Spin Columns with the solutions were centrifuged at 6000 x g for 1 minute. 

The liquid that passed through the silica membrane in the spin column was collected in the tube 

and discarded. The Spin columns were transferred to new collection tubes, 500 µl AW1 wash 

buffer (QIAGEN) was added and the tubes were centrifuged at 6000 x g for 1 minute to 

denature proteins and let them pass through the filter. The collection tubes were discarded and 

the spin columns placed in the new collection tubes. Then 500 µl AW2 wash buffer (QIAGEN) 

containing 70 % EtOH was added and the tubes were centrifuged at 20000 x g for 3 minutes to 

wash away salts. The collection tubes were discarded and the spin columns were transferred to 

eppendorftubes. The DNA was eluted by adding 20 µl elution buffer AE (QIAGEN). Thereafter 

the tubes were centrifuged at 6000 x g for 1 minute. The eluates were collected in micro-

centrifuge tubes and saved. The spin columns were transferred to new eppendorf tubes and an 

additional elution was performed in the same way to get out any remaining DNA from the 

filter, which is important because ticks are small and it is therefore important to maximize the 

DNA yield (23). 

 
2.3 DNA-extraction with MagNA Pure 96 
Ticks were ground down in 500 µl PBS or 500 µl lysis buffer supplemented with 2 mm silica 

beads and shaken with a Next Advance Bullet Blender Storm. For one 96-well plate 780 larvae 

were pooled together ten and ten in each well of 78 wells and 14 nymphs was placed separate 

in 14 wells. Remaining 91 larvae were extracted separately. All tubes were centrifuged at 6000 

x g for about 20 seconds to accumulate all of the liquid in the bottom of the tubes. To a 96-well 

plate 200 µl PBS was added in each well and thereafter about 300 µl of each sample. The 

automated DNA-extraction was performed with the extraction robot MagNA Pure 96 (Roche, 

Switzerland) following the protocol ”Pathogen Universal 500” (Roche, Switzerland) with 

reagentkit ”MagNA Pure 97 DNA and Viral NA Large Volume Kit” (Roche, Switzerland) (22).  
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2.4 Measurement of DNA-yield with Nanodrop spechtrophotometer 
To quantify the yield of the DNA extraction and detect any contaminants NanoDrop 2000 

(Thermo Scientific, USA) was used. The optical surface on which the sample was placed was 

first washed with 5 µl of deionized H2O and the lever was closed so the upper optical surface 

would come in contact with the H2O. Then the optical surfaces were dried with a kleenex. A 

blank measurement was performed by placing 1 µl H2O on the optical surface, turn the lever 

down and press the measure space. Thereafter the measurements of every sample was 

performed in the same way as the blank measurement. Between each sample the optical 

surfaces were wiped and after every 12th sample H2O was measured to ensure that the nucleic 

acids were not present after wiping. All previously extracted ticks had been diluted to 10 ng/µl 

and the ticks extracted during this study was diluted to 1,0–3,3 ng/µl (30, 31).    

 
2.5 Mastermix and template preparations 
The mastermix was manually prepared in a separate mastermix-room by mixing H2O, forward 

and reverse primers and 2X iQ SYBR Green supermix (Bio-Rad Laboratories, USA). ). The 

forward primer was a degenerated primer enabeling it to bind to the 16S rRNA gene in several 

bacterial species. Thereafter the preparations of the template was performed by a pipette robot 

in a separate template-room. To a qPCR-plate put on a cooling block 8 µl of mastermix 

containing 10 pmol/µl of each primer was added to each well. From the DNA-extractions in a 

96-well plate 2 µl was transferred to respective wells containing mastermix. In remaining wells 

of the qPCR-plate 2 µl of a positive control was added to two wells and the following two wells 

acted as negative controls with nothing but mastermix added.  
 

Table I: Primers used for screening for Anaplasmataceae with qPCR. Forward primer was degenerated, 
a mixture of two primers containing eighter C or T in its 3´-end, indicated by Y in the sequence. 

Primer name Target gene Primer Sequence Reference 

NeoAna_HRM_F 16S rRNA  5’-
GGGGATGATGT
CAARTCAGCAY-
3’ 
 
 

(32) 

NeoAna_HRM_R 16S rRNA 5’-
CACCAGCTTCGA
GTTAAGCCAAT-
3’ 

(32) 
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2.6 qPCR 
The qPCR analysis was performed in a Lightcycler 480 Instrument II (Roche, Switzerland). 

The PCR reactions was carried out in 10 µl reaction volume, containing 2 µl of template DNA 

with a concentration of 10 ng/µl, 0.44 µl of each primer, forward and reverse, with a 

concentration of 10 pmol/µl respetively, 2.42 µl H2O and 5.5 µl 2X iQ SYBR Green supermix 

(Bio-Rad Laboratories, USA). Thermal conditions included denaturation at 95° C for 2 minutes 

and thereafter 45 cycles at 95° C for 15 seconds, 60° C for 30° seconds and 72° C for 30 

seconds (33).   

 
2.7 DNA-purification after PCR 
Before sending positive samples to be sequenced the PCR-product needed to be purified. The 

purification was performed following the protocol of  Wizard SV Gel and PCR Clean-Up 

System (Promega, USA). To the PCR amplification 10 µl of membrane bindning solution 

(Promega, USA) was added. Every PCR amplification to be sequenced was transferred to a 

respective SV minicolumn (Promega, USA) placed in collection tubes. Centrifugation was 

performed at 16,000 x g for one minute and the flowthrough was discarded. Thereafter 700 µl 

Membrane Wash Solution containing ethanol was added and the minicolumns was centrifuged 

at 16,000 x g for one minute. The flowthrough was discarded and the minicolumns reinserted 

into the collection tubes. The same procedure was repeated but with 500 µl Membrane Wash 

Solution and the minicolumns was centrifuged at 16,000 x g for five minutes. The collection 

tubes was emptied thoroughly and the minicolumns reinserted and centrifuged at 16,000 x g for 

one minute without the centrifuge lid on to evaporate any remaining ethanol. The purified PCR 

amplification was eluted from the Minicolumn with 30 µl of Nuclease-free H2O (34). 

 

2.8 Sequencing 
Sanger sequencing of the purified amplicons was done at a commercial company (Macrogen 

inc, The Netherlands). Obtained sequences were manually checked and edited with the 

Geneious software package. Unclear basecalls were removed. Clear sequences with high 

quality were compared to published sequences at the NCBI database (NCBI.com) in a so called 
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BLAST-search wich compared the obtained sequences similarity to already published 

sequences. 

 

2.9 Bioinformatics 
To align the sequences with already published sequences at the NCBI database (NCBI.com) 

and build a tree (see figure 2) the program Geneious treebuilder was used. The genetic distance 

model that was used was Tamura-Nei (35) with a transition/transversion-ratio at 1 vertebrates 

and default settings. The alignment of obtained sequences and published sequences was 

phylogenetically classified by the Neighbour-Joining method with default settings. The 

repeatability of the phylogenetic tree was tested by bootstrap test with 1000 replicates. The 

bootstrap test used the same tree-building method to reconstruct the tree a 1000 times using 

random sampling of the given sequences. For each reconstructed tree, every interior branch 

position was compared to the original tree and was given a bootstrapvalue of 1 or 0 depending 

on similarity to the original tree. Finally a percentage value was calculated and given to each 

branch depending on the collected bootstrap values. The bootstrap value represent the 

similarity of each branch in the tree. 

 
3. Results 
In total 1356 ticks were investigated. Out of these, 471 had been extracted previously and 885 

were extracted during this study, out of which 871 were larvae and 14 were nymphs. All ticks 

were determined to be I. ricinus based on morphology by microscopic evaluation. Out of the 

871 larvae, 780 were analysed in pools. Several different pathogens were found. A. 

phagocytophilum occurred in 4.57 % of the ticks (62/1356). N. mikurensis occurred in 1.33 % 

(18/1356). Rickettsia spp. occurred in 6.34 % (86/1356). A. phagocytophilum was found in 

three locations, N. mikurensis in two locations and Rickettsia spp. also found in two locations. 

The A. phagocytophilum sequence obtained in this study was identical to published A. 

phagocytophilum sequences from Japan (NCBI accession number LC060986) and China 

(NCBI accession number DQ458808). All sequences of N. mikurensis were identical to each 

other and showed closest similarity to N. mikurensis from China (99.5 % similarity) (NCBI 

accession number KC108714). The sequences of Rickettsia spp. obtained in this study were 

also identical to each other and showed closest similarity to Rickettsia canada (89,6 %) (NCBI 

Reference Sequence: NR_029155.1). The lifestage of all the collected ticks were not 

determined (see table II). 
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Table II: Number of collected ticks and number of ticks infected with A. phagocytophilum, N. 
mikurensis and Rickettsia spp.  

Locality L N A Total 
No. of 
ticks 

A. 
phagocytophilum 

Rickettsia N. 
mikurensis 

Revinge  0 39 4 43 0 1 2 

Hunnestorp   25 174  43 79 14 

Gotland    15 121  17 6 0 

Övrabo    133 0 0 2 

Öland  871 14 0 885 2 0 0 

 

 
Figure 2: Phylogenetic tree inferred from 167 bp of the 16S rRNA sequences of A. phagocytophilum, 

N. mikurensis and different Rickettsia spp. Sequences obtained during this study are named Sweden. 
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The sequence from Wolbachia brouquii (NCBi accession number DQ402520.1) was used as an 

outgroup. The number at each branch represent a percentage value of a 1000 bootstrap replicates that 

support each branch. It shows the repeatability of a branch. The scale bar in the figure shows estimated 

number of substitutions per site. 

 
4. Discussion 
The purpose of this study was to investigate the prevalence of pathogens of the family 

Anaplasmataceae in I. ricinus and also determine the occurence of any co-infections and/or 

transovarial transmission of pathogens using molecular methods.  

 
The prevalence found in this study is in line with prevalence’s reported previously. One study 

found 2.4% A. phagocytophilum infections in 124 ticks collected in Russia 2003-2004 (13). In 

another study 4.0 % A. phagocytophilum infections was found in 100 ticks collected in China 

2005 (13). In Japan 2010-2011 6.2 % A. phagocytophilum infections in 325 ticks was detected 

and another study found 21.6 % in 134 ticks (13). This shows that the prevalence rate varies a 

lot between different sites and has also increased over time wich is also supported by the results 

in this study since the prevalence rate of 4.57 % is higher than the prevalence rate of A. 

phagocytophilum reported in older studies (13). In other studies Neoehrlichia was found in 6 % 

of collected I. ricinus in southern Sweden (5) and in 4.3 % ticks from migrating birds in 

Ottenby (36). This indicates that both A. phagocytophilum and N. mikurensis are two regularly 

occurring pathogens in ticks. N. mikurensis was expected to be the most prevalent pathogen but 

was actually the least prevalent pathogen wich is suprising.  Another suprising revelation in this 

study is the prevalence of Rickettsia spp. wich was not expected.  

 

The DNA-extraction method of choice is important for downstream analyses like sequencing 

used in this study. Some of the samples (471/1356) used in this study was already extracted. 

One previous study comparing different DNA-extraction methods does not recommend 

beadbeating when using QIAGEN kit wich was used successfully in this study (21). The 

extraction method mostly used during this study was MagNA Pure 96 automated extraction 

wich revieled a lower yield but was still successful. Factors that can affect the DNA yield is 

wether samples have been stored for a long time and the conditions of the storage. All the ticks 

extracted during this study had been stored in EtOH in 4° C for several months. The previously 

extracted ticks had been stored in -80° C. A smaller elution volume in the final step of the 

extraction can result in a higher DNA yield (6, 20).  
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The samples infected with A. phagocytophilum showed no genetic diversity. Previous 

phylogenetic studies on A. phagocytophilum has shown a big genetic variation (10-13). But one 

of these studies pointed out that different gene variants of the 16S rRNA gene in A. 

phagocytophilum seems to be dependent of habitat structure, geographic area and occurance of 

eventual reservoir hosts (13). No genetic variation was seen in the samples infected with N. 

mikurensis and not in the samples infected with Rickettsia spp. N. mikurensis also seems to be 

dependent on the occurence of various reservoir hosts especially rodents (3). Abundant rodent 

populations can be an important factor for the prevalence of N. mikurensis in different localities 

and perhaps the genetic variation (3, 5). Most of the samples infected with Rickettsia spp. was 

collected in Hunnestorp. This suggest that also this pathogen may be dependent on habitat 

structure, occurrence of reservoir host and other factors that may be unique to this site.  

 

The primers used in this study were supposed to target the 16S rRNA gene locus of species in 

the Anaplasmataceae family such as A. phagocytophilum and N. mikurensis but in this study it 

is clear that it also amplifies Rickettsia spp. Even though these results were not expected it was 

good that the primers did target Rickettsia spp. since this study was a screening-study. The 

sequencing was necessary in order to determine exact pathogen prevalence in the samples.  

 

Most previous studies show that transovarial transmission of A. phagocytophilum in I. ricinus 

does not occure (10-13). In this study several samples of larvae showed positive results after 

qPCR analyses but none of the sequences was readable. Although one of the sequences was 

suggested to be 91.9 % similar to A. phagocytophilum after a Blast search at the NCBI database 

but this can not be relied on sence the sequence was of bad quality. This indicates that 

transovarial transmission of A. phagocytophilum in I. ricinus may occure and this requires 

further study. In this study no co-infections could be detected. The Anaplasmataceae and 

Rickettsiaceae families are closely related (10, 13) wich may interfere with the detection of co-

occuring pathogens belonging to these families especially sence the primers used in this study 

were unspecific. In order to detect any co-occuring pathogens within these families primers 

specific for each of these families individually should have been used. In order to detect any 

co-infections with closely related pathogens more advanced molecular tools are needed that can 

target specific genes unique for different bacterial species. Many next-generation sequencing 

methods and molecular typing methods have been developed to correctly detect any genetic 

diversity between these pathogens and between different strains for instance multilocus 
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sequence analysis (MLSA) that target five housekeeping genes instead of 16S rRNA. Maybe 

these methods can also be used in order to detect co-infections of closely related pathogens 

since the 16S rRNA gene, that was targeted in this study, is a highly conserved gene (17). No 

previous study has reported any occurance of co-infections with any of the pathogens detected 

in this study.  

 

Previous epidemiological and phylogenetic studies on A. phagocytophilum have indicated that 

A. phagocytophilum is adapted to different vertebrate hosts and/or vectors and that ecotypes can 

circulate in different epidemiological cycles (11). Molecular tools that are more adapted to 

these types of studies has not been fully established. More advanced molecular tools may be 

necessary in order to establish the correct phylogenetic classification of Anaplasmataceae and 

also to detect several genetically different strains in the same host or vector. Single locus 

sequencing techniques like the one used in this study may not be advanced enough for 

detecting the genetic diversity of A. phagocytophilum. More knowledge about the genetic 

diversity of A. phagocytophilum is needed (11). Previous analyses of the 16S rRNA sequences 

have revealed four distinct clusters regardless of method being used (10). A. phagocytophilum 

is also of great clinical importance and has shown capacity to infect and cause disease in 

humans (12) but how widespread it is in animal reservoirs and vectors are still unclear (13).  It 

is not known wether differences in infection rates in vectors and hosts reflect a difference in 

vector and reservoir competence or if it reflects a difference in opportunities to acquire the 

infection (8-9, 13). More studies on enzootic cycles of genevariants in relation to species of 

ticks and hosts ar needed and is of importance for infection and disease control in both animals 

and humans (13). From the findings in this study it seams that I. ricinus is a competent vector 

of A. phagocytophilum. 

 

The phylogenetic classification of N. mikurensis is still largely unknown (17) but previous 

studies has shown a certain amount of genetic diversity also in this pathogen (17). In this study 

no genetic diversity was detected and the strain that was found also showed high similarity to 

already published sequences of N. mikurensis (see figure 2).  

 

The Rickettsia spp. sequences that was obtained during this study also showed no genetic 

diversity but didn’t show any close relatedness to any already published sequences of Rickettsia 

spp. (see figure 2). The fragments obtained from the sequencing analyses were short and longer 

fragments would give a higher resolution. But again this may also be on account of the 
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molecular tools used in this study not being advanced enough. It may also be possible that the 

Rickettsia spp. found in this study is unique or not known. Further study with longer sequence 

fragments and more advanced sequencing techniques is needed. The phylogenetic classification 

of the Rickettsiacae family is also not completely revealed so there may be several species that 

exists but haven’t been detected yet (10).      

 
5. Conclusions 
There is a relatively high prevalence of A. phagocytophilum and N. mikurensis in I. ricinus 

ticks depending on collection locality. There is also a surprisingly high prevalence of a 

Rickettsia spp. whose genotype shows very little similarity to any known Rickettsia spp. 

Transovarial transmission of A. phagocytophilum may occure. No co-infection could be 

detected but this may be because of the lack of advanced molecular tools.  
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