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ABSTRACT 

Vector-borne diseases play a major role in the public health, especially in 

tropical and subtropical areas. However, despite its temperate climate, Europe is also 

considered a risk area for acquiring a VBD. Moreover, despite the “under control” 

status of certain diseases, some are emerging or reemerging and new VBD are 

reported across all Europe.  

Tick-borne diseases are an important and varied group of VBD. Public health 

risks associated with TBD have been increasing during the last century. Moreover, the 

studies and the available information in the field are continuously published. New 

agents and diseases are described (e.g. Candidatus “Neoehrlichia mikurensis”, 

Candidatus “Anaplasma camelii”) suggesting the need of continuous research on the 

topic. The epidemiological dynamics of TBD is depending on the tick vector species, 

their geographical distribution and ecology. In this context, climate and social changes 

have a major role in the epidemiology of the diseases. The climate change has 

influenced the geographical distribution of ticks, their abundance, vectorial capacity 

and adaptation to certain hosts (Casimiro et al., 2006). Social changes and host 

dynamics, influenced by the intercontinental traveling of humans together with their 

pets have changed the geographical distribution and abundance of ticks (Gray et al., 

2009). 

Genus Anaplasma (Rickettsiales: Anaplasmataceae) comprises several 

aetiologic agents of veterinary diseases affecting vertebrate hosts including humans 

(Chen et al., 1994). The species currently recognized are Anaplasma bovis, A. centrale, 

A. marginale, A. phagocytophilum, A. platys, A. ovis and the newly identified agents A. 

odocoilei and A. capra (Dumler et al., 2001; Tate et al., 2013; Li et al., 2015). Members 

of the genus are obligatory intracellular Gram-negative, small pleomorphic bacteria 

(0.2-1.0 µm), transmitted mainly by ticks (Walker and Dumler, 1996). 

Granulocytic anaplasmosis caused by A. phagocytophilum is commonly reported 

in the Northern Hemisphere, being considered the most spread TBD in Europe, 

especially because of its large geographic distribution, wide hosts range and zoonotic 

potential (Stuen, 2007). Moreover, the geographical distribution of the infection and 

its vector (Ixodes ricinus) are increasing in latitude and altitude (Woldehiwet, 2010). 

The disease is known as tick-borne fever (TBF) in ruminants, human granulocytic 

anaplasmosis (HGA) in people, canine granulocytic anaplasmosis (CGA) in dogs and 

equine granulocytic anaplasmosis (EGA) in horses (Dumler et al., 2001). It was 

described in sheep since 1932, and later (‘60s-‘80s) in other livestock (Woldehiwet, 

2010). However, the etiological agent was characterized morphologically and 

genetically only in 1994 (Chen et al., 1994). 
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Anaplasma phagocytophilum is a bacterium parasitic in mammalian neutrophils 

(Chen et al., 1994). Anaplasma phagocytophilum epidemiology and phylogeny are 

intensely studied and new genetic variants are described all over the world (Majazki 

et al., 2013; Jahfari et al., 2014). Moreover, the description of A. phagocytophilum 

infection in Southern Hemisphere (Inokuma et al., 2005; Sántos et al., 2013; André et 

al., 2014), where the know vectors are not common requires more complex 

epidemiologic research on the topic. 

Infectious canine cyclic thrombocytopenia (ICCT) produced by A. platys was 

described in a dog from Florida, USA in 1978 (Harvey et al., 1978). Since then, the 

infection was reported in dogs from the Southern Hemisphere but also in cats (Salakij 

et al., 2012) and humans (Arraga-Alvarado et al., 2014). Anaplasma platys is also an 

obligate intracellular rickettsial organism of the family Anaplasmataceae (Dumler et 

al., 2001). It is commonly targeting platelets where it forms basophilic morulae 

(Harvey et al., 1978; Salakij et al., 2014). Rarely, it may infect platelets precursors, 

such as megakaryocytes or promegakaryocytes in young dogs (de Tommasi et al., 

2014). 

The infection with A. phagocytophilum in Romania was reported for the first 

time in 2012 in I. ricinus collected from roe deer (Capreolus capreolus) (Păduraru et 

al., 2012). Subsequently, several other reports on its presence or prevalence were 

published in vertebrate hosts (Kiss et al., 2014), as well as in ticks collected from 

mammals, reptiles and birds (Dumitrache et al., 2013; Ioniţă et al., 2013; Paştiu et al., 

2013; Mărcuţan et al., 2014).  

In sub-Saharan Africa, A. platys was identified in Rhipicephalus sanguineus 

sensu lato (s.l.) ticks collected from dogs in the Democratic Republic of Congo (Sanogo 

et al., 2003), in engorged ticks collected from domestic and wild ruminants in South 

Africa (Berggoetz et al., 2014) and in dogs in Ivory Coast, Gabon and Nigeria (Marié et 

al., 2009; Kamani et al., 2013). 

Considering the scarce data regarding the ecoepidemiology of A. 

phagocytophilum in Romania and the limited data on A. platys infection in Africa, the 

aims of preset work were: 

 To evaluate the prevalence of A. phagocytophilum in questing I. ricinus ticks 

from multiple locations in Romania and to evaluate the strains involved. 

 To correlate the presence and prevalence of A. phagocytophilum in questing 

ticks with different ecological features. 

 To establish the prevalence of A. phagocytophilum in dogs in Romania and to 

compare it on different altitudinal levels. 

 To evaluate the presence and prevalence of A. phagocytophilum DNA, 

comparatively, in multiple tissue samples in wild carnivores. 

 To evaluate the prevalence of A. phagocytophilum in different wild carnivore 

species in Romania. 

 To analyze the prevalence of A. phagocytophilum in small mammal species. 
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 To assess the human risk associated with tick bites in a multiannual study. 

 To establish the prevalence of A. platys and to extend the knowledge on its 

distribution in dogs and ticks from East and West Africa (Kenya and Ivory 

Coast). 

 To evaluate the possible risk factors for A. platys infection. 

 To analyze the possible vertical transmission of A. platys infection in dogs. 

The first part (I) is structured into three chapters and summarizes information 

from the literature regarding the systematics, epidemiology and genetic variants of A. 

phagocytophilum and A. platys and diagnostic methods.  

In the Chapter I.1 are presented literature data regarding systematics and 

morphology of the genus Anaplasma, the life cycle of A. phagocytophilum comprising 

their vectors and transmission pathways, host and reservoir hosts with their 

geographical distribution, and the genetic variability of the bacterium. In the Chapter 

I.2 are described the geographical distribution, the life cycle of A. platys (vectors, hosts 

and transmission pathways) and genetic variability of the bacterium. In the Chapter 

I.3 are detailed the diagnostic methods usually used for detection of both A. 

phagocytophilum and A. platys.   

The second part (II) of the study comprises aims of the study, eight original 

study (II.1-II.8), conclusion and recommendations and originality of the study. The 

thesis ends with the references (458 titles). 

Despite the common presence of A. phagocytophilum in Europe, the available 

data regarding the epidemiology of this bacterium in Romania are scared.  With this 

view, the aims of Chapter II.1 were to evaluate the prevalence of A. phagocytophilum in 

questing I. ricinus ticks from multiple locations distributed throughout Romania and 

to correlate its presence and prevalence with different ecological features. 

The results of this study reports the prevalence and geographical distribution 

of A. phagocytophilum in 10,438 questing Ixodes ricinus ticks collected at 113 locations 

from 40 counties of Romania. The unfed ticks were examined for the presence of A. 

phagocytophilum by PCR targeting a portion of ankA gene. The overall prevalence of 

infection was 3.42%, with local prevalence ranging between 0.29% and 22.45%, with 

an average prevalence of 5.39% in the infected localities. The infection with A. 

phagocytophilum was detected in 72 out of 113 localities and in 34 out of 40 counties. 

The highest prevalence was recorded in females followed by males and nymphs. The 

results and the distribution model have shown a large distribution of A. 

phagocytophilum, covering Romania’s entire territory. The distribution model has 

shown a medium prediction, the presence of A. phagocytophilum being negatively 

associated with the altitude.  

Phylogenetic tree analysis reveals the two major clusters of ankA gene, which 

contain strains isolated from humans, dogs, horses, cats and ticks and from roe deer 

and tick samples respectively. Three out of four sequences of A. phagocytophilum are 

highly similar with A. phagocytophilum obtained from wild boar from Poland and with 
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other strains of A. phagocytophilum isolated from I. ricinus. One sequence forms a 

paraphyletic group with A. phagocytophilum isolated from different animal tissues, 

particularly from roe deer showing the presence of at least two genetic variants in 

Romania.  

This study is the first large scale survey of the presence of A. phagocytophilum 

in questing I. ricinus ticks from Romania. 

Based on the first study according to which the presence of A. phagocytophilum 

is negatively associated with the altitude, the aim of the second study (Chapter II.2) 

was to evaluate the prevalence of canine granulocytic anaplasmosis in different 

altitudinal areas of Romania. 

An epidemiological study regarding A. phagocytophilum infection in dogs from 

different areas of Romania was carried out using molecular detection technique. A 

total of 357 canine blood samples were collected during 2010-2013 from eight 

counties. In order to assess the influence of the altitude and climate on A. 

phagocytophilum prevalence, the samples were collected from 4 different altitude 

areas (coastal 0 to 5m, lowland 6-100 m, hilly 200 to 400m and low mountain >500 

m). Polymerase Chain Reaction (PCR) was performed using specific primers targeting 

a portion of ankA gene according to previously described protocol.  

The results of this study were have shown a medium prevalence of A. 

phagocytophilum in dogs (5.32%), the highest prevalence being obtained in Chilia 

Veche followed by Bechet (from the coastal and lowland areas respectively). The 

prevalence in coastal area was significantly higher (0.0198, p<0.5) than the 

prevalence recorded in other regions, among which there were no significant 

differences recorded. The differences in obtained prevalence in the altitudinal areas 

may be explained by the strong negative correlation between A. phagocytophilum 

prevalence and local median precipitation and by the weak positive correlation 

between the prevalence and temperature recorded in this study.   

These results suggest the influence of altitude correlated with temperature and 

rainfall on the prevalence of A. phagocytophilum. 

Considering the different results in detection of the Anaplasma spp. in tissue 

samples described in literature, the aim of the Chapter II.3 was to evaluate the 

presence of A. phagocytophilum DNA in several types of tissue samples. 

A total of 95 wild carnivores were examined during the two years study period. 

The tissue samples included in the present study were blood clot, heart, liver, lung, 

spleen, kidney, lymph node and bone marrow. The samples were tested by nested PCR 

(nPCR), using specific primers amplifying fragments of rrs following the previous 

described protocol. The overall prevalence of A. phagocytophilum in wild carnivores 

was 10.53%. Positive tissue samples were detected golden jackals (Canis aureus), gray 

wolf (Canis lupus), European wildcat (Felis silvestris), European otter (Lutra lutra), 

stone marten (Martes foina) and brown bear (Ursus arctos). The highest prevalence of 

A. phagocytophilum DNA was detected in spleen tissue followed by bone marrow, 
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kidney, blood clot, liver and lung with no significant differences between the positive 

tissues. 

This is the first report regarding the comparative detection of A. 

phagocytophilum DNA in multiple tissue samples. Our results indicate the spleen 

tissue as the most sensitive A. phagocytophilum DNA being detected in more than half 

of positive animals (6/10). In addition, to the best of our knowledge this is the first 

report of A. phagocytophilum in golden jackal, gray wolf, European wildcat, European 

otter and stone marten. 

Epidemiological studies regarding the prevalence of tick-borne pathogens in 

wild carnivores are of public health importance, as they may successfully act as a 

pathogen transmission interface between wildlife, domestic animals and humans. 

Considering the potential role as sentinel species for TBD of wild carnivores, the aim 

of the study from Chapter II.4 was to evaluate the geographical distribution and 

prevalence of A. phagocytophilum and A. platys infections in wild carnivores in 

Romania. 

This study included wild carnivores from 26 counties from Romania. A total 

number of 353 red foxes (Vulpes vulpes) and 102 others species of wild carnivores 

were examined. Spleen tissue samples were collected during necropsy and stored at 

−20 °C. Genomic DNA extraction was performed and all samples were examined by 

polymerase chain reaction (PCR). Specific primers for A. phagocytophilum and A. 

platys were used. Sequence analysis was performed (Macrogen Europe, Amsterdam) 

and obtained sequences are available at GenBank™. In total, 15 out of 455 wild 

carnivores (3.3%) were found positive. Among these nine out of the 353 red foxes 

samples (2.55%) and 6 out of 102 others carnivores (5.88%) were positive for A. 

phagocytophilum. The prevalence of A. phagocytophilum was 6.4% in golden jackals 

and 18.2% in European wildcats and 33.3% in European otter. 

Positive red foxes originated from five counties and positive other carnivores 

from four countries. No co-infection with A. platys was detected and none of the 

samples was positive for this pathogen.  

This report of A. phagocytophilum in wild carnivores from Romania suggests a 

limited role of wild carnivores in the maintenance of the pathogens, but may 

represent a potential risk from a public health perspective.  

Small mammals are one of the larger groups of mammalian species, 

representing over 40% from the total number of mammal species. They are highly 

adapted for a various types of habitat, including urbanized areas being a link between 

wild and anthropomorphic ecosystems. From this point of view, small mammals are 

considered an important risk for public health being natural reservoir for numerous 

potential zoonotic pathogens. The role of small mammals in the epidemiology of A. 

phagocytophilum in Europe is largely discussed. With this view, the aim of the study 

from Chapter II.5 was to evaluate the prevalence of A. phagocytophilum in small 

mammals in Romania. 
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For these aim, 791 small mammals from 31 species were collected from a 

variety of habitats (14 county) in Romania between 2010-2015. Spleen tissue samples 

were collected from each animal. The presence of A. phagocytophilum DNA in small 

mammal tissue sample was tested by nested PCR following previously described 

protocol.  

Twenty out of 791 small mammals were positive at A. phagocytophilum DNA 

presence with an overall prevalence of 2.53%.  The positive small mammals 

originated from six counties as follows: Tulcea (4.84%), Constanţa (3.77%), Mureş 

(3.48%), Cluj (0.92%), Harghita (3.57%) and Covasna (0.8%). A variable prevalence in 

small mammal species was observed: S. araneus (9.09%), Spermophilus cittelus 

(7.14%), A. flavicollis (6.49%), A. uralensis (4.84%), A. sylvaticus (3.92%), M. agrestis 

(3.85%), S. minutus (3.85%), Muscardinus avellanarius (3.13%), C. suaveolens (2.44%), 

Mus spicilegus (2%) and M. arvalis (1.75%). Up to our knowledge, this is the first 

report of A. phagocytophilum in S. minutus, C. suaveolens, M. spicilegus, M. avellanarius 

and S. citellus.  

The tick-borne diseases of humans are considered zoonoses, with etiological 

agents usually being maintained in nature by ticks and animal hosts. The ticks may, 

occasionally feed on people and thereby cause infections. Despite the increasing 

awareness of the tick bite in people and the associated potential public health risks, 

only few screening studies focused on the presence of these pathogens in ticks 

collected from humans are available in Europe. Thus, the aim of the study described in 

Chapter II.6 was to evaluate the risk of exposure to Human Granulocytic Anaplasmosis 

and related rickettsial infections associated with I. ricinus tick bites in humans during 

three consecutive years. During a three years study period (2013-2015), ticks 

removed from humans by medical personal were referred to our laboratory for 

species identification. The samples were tested for the presence of SFG Rickettsia and 

A. phagocytophilum DNA using a group-specific set of primers amplifying a 381 bp 

fragment of the rickettsial gltA gene and specific primers amplifying fragments of A. 

phagocytophilum rrs genes using previously described protocols.  

During the three years study period (2013-2015), 522 ticks collected from 

humans were identified as I. ricinus, according to morphological keys. The most 

common developmental stages found on humans were nymphs, followed by adult 

females and larvae. Overall, 59 out of 522 ticks (11.3%) were infected with at least 

one pathogen. Among the tested pathogens, the most prevalent was A. 

phagocytophilum, with an overall prevalence of 5.56%. The obtained prevalence 

differentiated by study years had a continuous increasing trend. However, the 

obtained differences were not statistically significant. The second most common 

pathogen identified after sequencing was R. helvetica with a total prevalence of 4.79%. 

In contrast with the first pathogen, a significant increase in prevalence of R. helvetica 

was observed for the third study year (p= 0.016). A second identified Rickettsia 

species was R. monacensis, with a total prevalence of 1.53%. Only one Rickettsia sp. 
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detected in one nymph was found to be similar to the newly proposed species 

Candidatus “Rickettsia mendelii”. More than one pathogen was detected in four I. 

ricinus (3 nymphs, 1 female); three of the ticks were harboring A. phagocytophilum – 

R. helvetica and one A. phagocytophilum – R. monacensis. 

The high obtained prevalence of A. phagocytophilum and R. helvetica in ticks 

collected from humans highlight the risk of exposure to HGA and rickettsial infection 

of humans bitten by I. ricinus.  

The data regarding the epidemiology of A. platys in dogs in sub-Saharan Africa 

is scarce, despite of the almost ubiquitous presence of R. sanguineus s.l. on dogs.  

Considering this, the aim of this study from the Chapter II.7  was to evaluate the 

prevalence of A. platys and to extend the knowledge on its distribution in dogs from 

East and West Africa (Kenya and Ivory Coast), and to correlate its occurrence with 

ecological factors. For this aim, blood samples and ticks from 216 dogs and 22 cats 

were collected in 12 localities in Ivory Coast (April 2013) and Kenya (January 2014). 

Anaplasmataceae members were amplified using group-specific primers targeting a 

fragment of the rrs gene, followed by a second reaction using A. platys specific primers 

using previously described protocols.  

The overall A. platys prevalence in dogs was 12.5% and all blood samples 

collected from cats were negative. In Kenya, the bacterium was identified in all four 

locations, while in Ivory Coast it was present in two out of eight locations with a 

prevalence varying between 10% and 30.4%. The overall prevalence by countries was 

significantly higher in Kenya compared to Ivory Coast (χ2=4.86, df=1, p<0.05). The 

young dogs were significantly more infected (χ2=8.4, df=1, p<0.005).  

Overall, 65.74% of dogs were infested by ticks, of which 16.9% were also 

positive for A. platys; only 4.05% of dogs that were free of ticks were positive, the 

difference between these two categories being statistically significant (χ2=7.3, df=1, 

p<0.05). The most prevalent species present in Ivory Coast was R. sanguineus s.l. 

(65.22%) followed by Haemaphysalis leachi (16.45%) and in Kenya R. camicasi (88%) 

followed by R. pulchellus (40.3%). The prevalence of A. platys DNA presence in R. 

sanguineus s.l. was 4.38% respectively 1.62% in R. camicasi. The other identified tick 

species resulted negative for A. platys DNA. Both R. sanguineus s.l. and R. camicasi 

derived from positive and negative dogs. 

This is the first report of this pathogen in dogs from East Africa and the first 

evidence of A. platys in R. camicasi ticks.  

Vertical transmission of tick-borne pathogens in mammalian hosts plays an 

important role in the maintenance and spreading of the infectious agents, especially 

when the pathogen has a low virulence and is not associated with reservoir hosts 

mortality. Possible routes for vertical transmission in mammals are oral (ingestion of 

vaginal discharge/blood during the process of parturition or ingestion of milk after 

parturition) and through the placenta. Based on the high A. platys prevalence in young 



Ioana Adriana Matei 

VIII 

dogs observed in previous chapter, the aim of this study (Chapter II.8) was to evaluate 

the occurrence of A. platys infection in young puppies and their maternal parents. 

1. In order to evaluate the occurrence of A. platys infection in members of the 

same dog group (bitches and their puppies), 44 blood samples were collected, one 

from each animal, in January 2016, in Northern Kenya. In total, 12 dog groups with 

small puppies were found in six localities. Litters included in the study were divided in 

two groups: puppies aged below 28 days and between 29 and 90 days old in order to 

compare the presence of neonatal and early infection. The DNA amplification was 

performed using specific primers targeting fragments of rrs and gltA genes following 

described protocols.  

A total of seven dogs (two bitches and their five puppies) were found positive 

for A. platys infection. No cases of infected bitches with negative puppies or infected 

puppies with negative mothers were found. The first bitch had four puppies, of which 

two were found positive for A. platys infection and the second bitch had seven 

puppies, among which three were found positive. The age of the positive puppies was 

below 28 days highlighting the neonatal infection. No ticks were found on the positive 

dogs or around the shelters. The sequences obtained from the members of the same 

group were identical amongst each other and differed only by one nucleotide. 

Considering the A. platys neonatal infection in puppies born from infected 

bitches, the absence of the probable vector tick on dogs at the collection time and the 

DNA sequences similarity, our results suggest the vertical transmission of A. platys 

infection. Based on literature data, regarding the A. platys pathogenesis, recent 

evidence of vertical transmission, anatomical and physiological characteristic of dogs 

and similarity with others Anaplasma members, the most likely way of transmission in 

our case may be transplacental. 
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