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1. Introduction 

 
At the stage 2012 three major objectives were aimed to further the objectives set for the previous step (2011): 
(1) The development of new experimental models for the study of Borrelia - tick vector interrelation; 
(2) The reveal of new aspects of Borrelia - tick interrelations; 
(3) Genogeographic analysis of Borrelia burgdorferi isolated from arthropods and vertebrates in Romania and 
emphasizing the epidemiological importance. 
 

2. Material and methods 

 

2.1. Collected samples 

Consortium teams collected the following samples between 01.03.2011 and 31.10.2012: 
1. Ticks obtained by flagging (n = 14041), ticks collected from reptiles, birds and mammals (n = 5108); 
2. Serum and plasma samples from domestic mammals (n = 1146), wild game (n = 343) and hedgehog (n = 57); 
3. Other ectoparasitic forms  collected from reptiles, birds and mammals (n = 6100); 
4. Tissues and organ samples (n = 5940); 
The total number of samples collected in the mentioned period is 32374. From animals 18333 tissue samples were 
collected and 2470 ticks collected from  animals belonging to 150 of mammals, birds and reptiles species (Table 1). 
 

Table 1. Affiliation and number of animals examined within the project 
Taxon Number of examined species Total number of animals 
Reptilia class 13 494 
Aves class 67 422 
Mammalia class 70 1942 
Total 150 2470 

 

2.2. Collection, preservation and identification of ticks and other ectoparasites 

Ticks were collected either by flagging from vegetation, or from reptiles, birds and mammals (domestic and wild) hosts. 
During sampling period (2011 - 2012) a total of 494 reptiles: Squamata - Lacertilia (Lacertidae - Wall or true lizards, 
Scincidae - Skinks, Anguidae - Glass lizards), Squamata - Alethinophidia (Colubridae - Colubrids, Viperidae - Vipers, 
pitvipers, rattlesnakes) and chelonians (Testudinidae - turtle) were captured and examined. 
During April 2011 - May 2012, 57 hedgehogs were caught from different locations in Romania. They were brought to 
the laboratory of the Department of Parasitology and Parasitic Diseases, Cluj-Napoca. For a proper examination, each 
hedgehog was anesthetized using inhalation technique, which is preferred for insectivores. Anesthesia was induced 
with 5% isoflurane in 100% oxygen administered in an induction chamber connected to a closed loop system. 
Anesthesia was also maintained with 2% isoflurane in oxygen flow used in a nasal mask. After examination, each 
hedgehog was kept under 24-hour surveillance to full recovery and was then released in the catchment area. All the 
ticks parasites of hedgehog were collected, regardless of species and stage of development, and stored in ethanol. 
Species identification was carried out under a binocular microscope using morphological keys of Feider (1965). 
There were studied 448 ticks of the species Hyalomma aegyptium collected from 45 dobrogean turtles (Testudo graeca 
ibera). Turtles were collected from their natural environment, from 12 localities in Dobruja, south-eastern Romania. 
Conservation of the samples was done according to the requirement, in absolute ethanol or by freezing, to allow the 
DNA extraction techniques. Identification of ticks was done using morphological and molecular methods. Ectoparasites 
have been collected from the animals and preserved in absolute ethanol. 



2.3. Serum samples collection and serological methods 

At this stage, the serum samples were collected from wild biungulates and hedgehog. Serum samples were examined by 
the following methods: ELISA, SNAP 4DX, immunofluorescence. 
In the period January to October 2012 a number of 343 wild ungulates of species: Capreolus capreolus (n = 21), Cervus 
elaphus (n = 21), Ovis ammon musimon (n = 2), Sus scrofa ferus (n = 299) were necropsied and sampled. Some (n = 265) 
of these animals came from a private hunting park and the rest (n = 78), from several regions of the country. Liver (n = 
275) and heart (n = 293) samples and ectoparasites of the species: Ixodes ricinus (n = 80), Lipoptena cervical (n = 12), 
Haematopinus suis (n = 108) were examined by molecular biology techniques (PCR, RFLP) in order to detect DNA of 
Anaplasma phagocitophylum and Borrelia burgdorferi sensu lato. 
To monitor the prevalence of Borrelia burgdorferi sensu lato antibodies in wild biungulate populations in Romania, 
serum samples (obtained from blood clot) were analyzed by indirect hemagglutination test using commercial kit Bag 
Med. AG (HA Borrelia Bag Test, Germany). A mixture of euro-american Bbsl  was used As antigen, according 
Stefancikova et al. (2008a). 
 

2.3.1. Serological methods used in biungulate and hedgehog 

In order to estimate seroprevalence two different methods were used. A commercial immunofluorescence kit 
(MegaScreen FluoBorrelia horse, Megace Diagnostik GmbH, Germany) was used. Obtained serum samples were diluted 
according to the manufacturer's instructions and applied in those wells lined with B. burgdorferi sl. After washing and 
new incubation with a solution of horse IgG antibodies, labeled with fluorescein, the results were read with UV 
microscope at a magnification of 400x. Comparison of fluorescence of different samples with those obtained at positive 
and negative controls, included in the kit, allowed their division into positive and negative. 
The monitoring of the B. burgdorferi antibodies prevalence in wild biungulate populations of  Romania face the same 
difficulties as in all serological tests performed with samples from wild animals, namely the lack of anti-species 
antibodies, fluorescein or enzyme labeled. Therefore, a method which involves replacing them with A or G protein (of 
bacterial origin) was chosen, to avoid errors due to the use of antibodies with poor specificity. The method involved 
prior studies of protein affinity antibodies against boar. Obtaining serum samples from wild animals is another 
challenge faced by the serological studies that have as topic wild animals. 
 

2.4. Sampling of tissue 

Tissue samples were collected from corpses dissections of wild or domestic animals, and skin biopsy from lizards. 
Samples from liver, spleen, heart and ear were collected from the bodies. All samples were frozen to carry out the 
methods of molecular biology. Tissue samples were collected from 150 species of animals from all counties. 
 

2.5. Molecular biology methods 

2.5.1. DNA Extraction 

The processed material is represented by ticks preserved in ethanol. Chelex method has been used to isolate the genetic 
material. In a collection tube (microfuge Collection, Qiagen) 400 ml of a Chelex  resin 100TM (Bio-Rad) and Pearl 
(Stainless steel beads - 5 mm, Qiagen)10% were added to a tick. Homogenise 2-4 min. in Tissue Lyser II (Qiagen) at 30 
frequencies / sec. Shake 5 sec at the vortex and then the tubes were incubated overnight at 56oC. It was gently stirred 
several times during incubation. Shake at the vortex 10 sec. and incubated again for 10 min. at 98oC. Samples were 
collected on ice. Shake the vortex 10 sec. The tubes were centrifuged at 14,000 rpm for 2 min. at 4oC. The obtained 
supernatant was collected in an Eppendorf tube type. Such DNA extract stored at-20oC. 
 

2.5.2. The polymerase chain reaction (PCR) 

For polymerase chain reaction, we used the following mixture of reagents: 
PCR Master Mix 2x (Fermentas) 12.5 µl 
Primer F*  1 µl 
Primer R** 1 µl 
ADN 10.5 µl 
TOTAL 25 µl 
*Forward: Ospa Out 1 pt. Borrelia burgdorferi s.l.: 5’ – GGGAATAGGTCTAATTTAGCC - 3’ 
*Forward: Ixri pt genul Ixodes: 5' - GGAAATCCCGTCGCACG - 3' 
*Forward: TQ16S pt specia Ixodes ricinus: 5’ - CTGCTCAATGATTTTTTAAATTGCTGTGG - 3’ 
**Reverse: Ospa Out 2 pt. Borrelia burgdorferi s.l.: 5’ – CACTAATTGTTAAAGTGGAAGT - 3’ 
**Reverse: Ixri pt genul Ixodes: 5' - CAAACGCGCCAACGAAC - 3' 
**Reverse: TQ16S pt specia Ixodes ricinus: 5’- ACGCTGTTATCCCTAGAG - 3' 

 



For positive control we used 4 ml of DNA and 6.5 ml of H2O. Amplification of samples was performed in a thermocycler 
MyGenie 96 Thermal Block (Bioneer), following amplification program as follows: 
Stages Temp. Period number of cycles 
initial denaturation 95oC 5 min. 1  
denaturation 94oC 30 sec. 30 
attaching the primers 42oC 30 sec. 30 
elongation 72oC 30 sec. 30 
final elongation 72oC 5 min  1 
 
The amplified product is checked in 1.5% agarose gel. 
 

2.5.3. RFLP method 

Working methodology involves the following steps: 
a. Obtaining the product using nested-PCR. 
DNA already amplified with primers (primers) mentioned above is used for this purpose. The following mixture 
substances are used in this reaction:: 
 
PCR Master Mix 2x (Fermentas) 12.5 µl 
Primer F: Ospain 1* 1 µl 
Primer R: Ospain 2** 1 µl 
ADN 10.5 µl 
TOTAL 25 µl 
* 5’ - GCA AAATGTTAGCAGCCTTGAT- 3’, **5’-CTGTGTATTCAAGTCTGGTTCC- 3’ prime from Generi-Biotech. 

Amplification program is: 
Stages Temp. Period number of cycles 

initial denaturation 95oC 5 min. 1  

denaturation 94oC 30 sec. 30 

attaching the primers 42oC 30 sec. 30 

elongation 72oC 30 sec. 30 

final elongation 72oC 5 min  1 

b. Enzymatic digestion of the PCR product obtained using restriction enzymes 
Amplified DNA is digested with restriction enzyme Tru1I (MseI): 

 10 ml of amplified DNA is mixed with 4 ml of H2O, 1 ml 10 X Buffer R (supplied with the enzyme, Fermentas) 
and 0.5 ml Tru1I (MseI) 

 incubated at 65oC for 60 minutes 
 add 0.6 ml of 0.5 M EDTA (Lonza) 
 resulted fragments from the digestion are analyzed in a 2% agarose gel. 

c. Agarose gel electrophoresis  
To verify amplification of extracted DNA a 1.5% agarose gel is performed, and for RFLP verification of a gel, 2%. 
Preparation of the amplification products to agarose gel migration: 

 preparation of 1.5% agarose gel: 
 0.525 g agarose (Merck) 
 35 ml 1X TAE buffer (Tris - EDTA - glacial acetic acid, Merck) 
 3 ml ethidium bromide (Bio-Rad) 
 microwave liquid boil until clear (~ 3-4 min) 

The samples preparing: 
 2 ml of 6x Loading Dye (Bio-Rad) + 4 ml of DNA extracted 

It uses molecular marker 1 kb and 100 bp (O'GeneRulerTM 1 kb/100 bp DNA Ladder Plus, ready-to-use - Fermentas). 
Parameter of the electric field: 110 V, 400 mA, 30 min. Samples were migrated in electrophoresis apparatus comprising 
electrophoresis tank type Mini-Sub Cell GT (Bio-Rad) and power supply Power Pac Basic (Bio-Rad). Agarose gel is 
visualized on a transilluminator BioDoc-ItTM ItTM and Visi-Doc Imaging System (UVP). 
 

3. Results 

 



3.1. New experimental models for the study of Borrelia - tick vector interrelation 

3.1.1. Modeling the spatial distribution of the tick Ixodes ricinus 

A number of 13771 ticks  were collected by flagging from 188 forest sites (Figure 1) in all 41 Romanian counties. The 
identified ticks species were: I. ricinus (86.9%), Dermacentor marginatus (9.5%) and Haemaphysalis punctata (2.6%). I. 
ricinus was present in 97.7% (n = 180) of locations, occurring exclusively in 41.7%, and the other was the dominant 
species, accounting for over 70% of all communities tick. 
 

 

 
 
 
 
 

Figure 1 Spatial distribution of collection sites 

Two models of the spatial distribution were developed:  
1. Based on data from flagging, using the maximum entropy algorithm approach. We used several variables (habitat, 

climate, altitude) to build several models (Fig. 2a). 
2. The spatial model of the relative prevalence of Ixodes ricinus in total ticks community from collection sites using 

cokriging technique, namely the relative prevalence of I. ricinus at each collection point (Fig. 2b). 

  
a) Spatial distribution of Ixodes ricinus The spatial model of relative prevalence of I. ricinus 

  

b) The spatial model of relative prevalence of I. ricinus 
Data if relative prevalence by kriging (SAGA) 

The spatial model of relative prevalence of I. ricinus 
Data if relative prevalence by co-kriging using forest 

cover 
Figure 2 Patterns of spatial distribution of I. ricinus 

 



Conclusions on the spatial distribution: 
1. is influenced by the distribution of deciduous forest; 
2. other predictors (agricultural areas, rainfall, altitude) have a reduced contribution to the development of the 

model; 
3. spatial distribution modeled using the "maximum entropy" shows a national distribution group especially in 

wooded areas; 
Conclusions regarding the relative prevalence:  
1. Although I. ricinus is a dominant species in almost all its range, there are several areas where dominance is less 

clear. This is due to the presence of other species of mites (D. marginatus). 

3.1.2. Molecular key and bar code for some species of ticks from Romania 

After optimization, the LCO / HCO primers have produced the expected amplicons 710 bps in all ten species examined..  
The barcode sequences from 5 species out of those 10 examined were new (our accession number sequences are 
indicated in parentheses below): Ixodes redikorzevi (JX394200, JX394201, JX394202, JX394203, and JX394204), Ixodes 
arboricola (JX394194, JX394195 ), Haemaphysalis concinna (JX394179, JX394180, JX394181, JX394182, and JX394183), 
Haemaphysalis sulcata (JX394188, JX394189), and Rhipicephalus rossicus (JX394209, JX394210, JX394211, and 
JX394212). 
The phylogenetic tree of the four examined tick genera (Ixodes, Hyalomma, Haemaphysalis and Rhipicephalus) was 
reconstructed using our sequences and homologous sequences from NCBI (Figure 3). 
 

 
Figure 3 The phylogenetic tree of the tick genera : 

Ixodes, Hyalomma, Haemaphysalis and Rhipicephalus 

 
The estimations of medium evolutionary divergence of 
pairs sequences within species were: 0 for 
Rhipicephalus rossicus, 0.0007 for Haemaphysalis 
concinna, 0.0012 for Rhipicephalus sanguineus and 
Ixodes redikorzevi, 0.0018 for Ixodes hexagonus, 0.0024 
for Haemaphysalis sulcata and Ixodes arboricola, 0.0032 
for Hyalomma aegyptium, 0.0044 for Ixodes 
vespertilionis and 0.0052 for Haemaphysalis punctata. 
The estimations of evolutionary divergence between 
species had the highest value for Ixodes vespertilionis 
and Rhipicephalus sanguineus, 0215. Estimations of 
evolutionary divergence within genera were: 0.0032 
for Hyalomma, Rhipicephalus 0.0386 for, 0.0967 to 
0.1153 for Haemaphysalis and Ixodes. The highest value 
for estimations of evolutionary divergence of the 4 
genera was 0.179 between Ixodes and Rhipicephalus. 
Barcode sequence analysis of the studied  species 
showed that there are 2 restriction enzymes that act on 
all 10 studied species and also gave different 
restriction profiles in the most species. The unique 
digestion with Asel enzyme (Figure 4) expressed 
different restriction profiles for all species except I. 
hexagonus and I. vespertilionis. 

 
Figure 4 Restriction profiles expressed by using Asel 

enzyme 
 



A subsequent digestion with the restriction enzyme 
Taqi has generated different restriction profiles for 
each species (Figure 5). It is important to note that the 
profile restriction of Rhipicephalus rossicus species 
showed intraspecific variation; however, the 2 versions 
were different from the profiles of other species.  
 

 
Figure 5 Restriction profiles expressed by using  Taqi 
enzyme 

 

3.2. The reveal of new aspects of Borrelia - tick interrelations 

3.2.1. Pathogens associated with Hyalomma aegyptium collected from the Dobrogean turtles 

PCR analysis of H. aegyptium revealed the presence of three pathogens (A. phagocytophilum, E. canis and C. burnetii) 
from the four tested (no samples were positive for B. burgdorferi s.l.). From the total number of ticks examined, 145 
were infected with at least one pathogen (32.4%; 145/448; CI 95%: 28.1-36.9). The frequency and prevalence of each 
detected pathogen are shown in Table 2. The highest molecular prevalence was detected for A. phagocytophilum 
(18.8%), followed by E. canis (14.1%) and C. burnetii (10%). The developmental stages most frequently infected with at 
least one pathogen were nymphs (50%; 8/16; CI 95%: 24.7-75.3) followed by adult males (33.9%; 103/304; CI 95%: 
28.6-39.5) and females (27%; 34/126; CI 95%: 19.5-35.6).  
The prevalence of the co-infections was 9.8% (44/448; CI 95%: 7.3-13.1). The prevalence of co-infections was higher in 
nymphs (12.5%; 2/16; CI 95%: 1.6-38.3) and males (12.2%; 37/304; CI95%: 8.8-16.5) than in other developmental 
stages (p< 0.00001). The only region where co-infected ticks were found was Măcin Mountains, with 10.9% from the 
total number of ticks (36/330; CI 95%: 7.9-14.9). The most frequent co-infection type was A. phagocytophilum-E. canis 
(43.2%; 19/44; CI 95%: 28.3-59.0), followed by A. phagocytophilum-C. burnetii (38.6%; 17/44, CI 95%: 24.4-54.5). 
 
Table 2. Molecular prevalence of A. phagocytophilum, E. canis and C. burnetii DNA in H. aegyptium collected from T. 
graeca 

 
 

Ticks number Frecvency Prevalence % 95%CI 

Anaplasma phagocytophilum 

Larvae 2 0 0 0.0-84.2 

Nymphs 16 8 50 24.7-75.3 

Females 126 0 0 0,0-2,9 

Males 304 76 25 20.3-30.3 

Total 448 84 18.8 15.3-22.7 

Ehrlichia spp. 

Larvae 2 0 0 0.0-84.2 

Nymphs 16 0 0 0.0-20.6 

Females 126 20 15.9 10.0-23.4 

Males 304 43 14.1 10.5-18.7 
Total 448 63 14.1 11.0-17.7 

Coxiella burnetii 

Larvae 2 0 0 0.0-84.2 

Nymphs 16 2 12.5 1.6-38.3 

Females 126 19 15.1 9.3-22.5 

Males 304 24 7.9 5.2-11.7 

Total 448 45 10 7.5-13.3 

 
The number of tortoises which harboured infected ticks (regardless the pathogen) was 27 out of 45 examined (60%; CI 
95%: 44.3-74.3). From all tested T. graeca, 18 (40%) harboured ticks infected with A. phagocytophilum, 21 (46.7%) had 

Rhipicephalus 
rossicus 



ticks infected with E. canis and 15 (33.3%) had ticks with C. burnetii. Interestingly, from the 27 tortoises which 
harboured infected ticks, 18 had ticks infected independently or co-infected with at least two pathogens. 
The presence and relatively high prevalence of three important zoonotic pathogens in H. aegyptium raises the question 
of their epidemiologic importance in disease ecology. As tortoises are unlikely reservoir hosts for A. phagocytophilum 
and E. canis and both these pathogens are common in H. aegyptium, this is an important indication for (1) a possible 
increased host-switching behaviour of these ticks to competent reservoir hosts (i.e. hedgehogs) and (2) transstadial 
transmission. Furthermore, if considering also the presence of C. burnetii, it can be concluded that T. graeca and its ticks 
should be evaluated more seriously when assessing the eco-epidemiology of zoonotic diseases.. 
 

3.2.2. First report of Borrelia burgdorferi sensu lato in two threatened carnivores: the marbled 
polecat, Vormela peregusna and the European mink, Mustela lutreola (Mammalia: Mustelidae) 

Between 2009 and 2011, 5 specimens belonging to two species of threatened mustelids were brought to the Laboratory 
of Parasitology and Parasitic Diseases in deep frozen state. The dead animals were collected either as road kills 
(Vormela peregusna) or as accidental casualties of live-trapping during field studies (Mustela lutreola). The trapping 
was performed as part of biodiversity and ecology studies in the central part of the Danube Delta using box traps [4]. 
The accidental death of animals in live traps was caused by extreme morning frost or poor overall health status caused 
by floods (Kiss JB personal communication). Examination of the fur and skin did not reveal the presence of external 
parasites. 
During the necropsy of these animals, tissue samples (myocardium) were collected and processed for DNA extraction 
(Qiagen, DNeasy Blood & Tissue Kit). An extraction blank was included in each extraction procedures to control the 
cross-contamination between extracts. The crude DNA was analyzed by a PCR protocol according to Priem et al. (1997) 
[5] using primers (Generi Biotech) for Borrelia burgdoferi sensu lato (5’-GGGAATAGGTCTAATTTAGCC-3’, 5’-
CACTAATTGTTAAAGTGGAAGT-3’) targeting the OspA gene. Each time the PCR was performed including negative 
control samples. The positive PCR products were further analyzed by RFLP using two restriction enzymes Alwl (BsPI) 
and MseI (Tru1 I) (Fermentas), according to the manufacturers protocol. PCR analysis revealed positivity to Borrelia 
burgdorferi sensu lato in three samples (ML2, ML3 and VP1) belonging to the two host species: M. lutreola and V. 
peregusna. 
Analysis of the RFLP pattern of the amplified OspA gene cut, showed bands at 183/134/74 base pairs (bp) for MseI 
(Tru1 I) (Figure 1A) restriction enzyme and a second pattern at 227/164 bp for Alwl (BsPI), which is indicative of 
Borrelia burgdorferi sensu stricto (s.s.) in all three positive samples (figure 6, a şi b). 
 

 

 
Fig. 6 RFLP pattern of the amplified ospA gene cut with 
MseI (Trull) (A) and Alwl (BsPI) (B): M - 100 bp 
Molecular ladder (Fermentas). 1-3 – positive controls: 
B. burgdorferi s.s., B. garinii, B. afzelii,4- B. burgdorferi 
s.s. (Vormela peregusna), 5 - B. burgdorferi s.s. (Mustela 
lutreola), 6 - B. burgdorferi s.s. (Mustela lutreola). 
 
 

3.2.3. Fluctuating asymmetry and ontogenetic development of lacertide; influence of 
anthropogenic stress and parasitism 

Ectoparasites of the genera Ixodes, Hyalomma and Ophionyssus were identified.  A total number of 772 larvae and 348 
nymphs of Ixodes ricinus were collected. The other two types were insignificant present. 
Ectoparasites from Lacerta viridis, Lacerta agilis, Podarcis muralis and Zootoca vivipara were collected among 
lacertilians species. The most common collected parasite was Ixodes ricinus, followed by Ophionyssus sp. and 
Hyalomma marginatum. 
Chelonians (Testudo graeca) are carriers of Hyalomma aegyptium. 
The collected ophidians had not parasites. 
Within the samplings more photos for each every lacertilian individual were made to assess fluctuating asymmetry 
(FA). There were also characterized by the degree of human habitats. Subsequently, correlations between the degree of 
anthropogenic stress of habitats and fluctuating asymmetry of lizard were made. Also, there have been collected 
juvenile and subadults of Lacerta agilis and L.viridis in order  to determine the percentage of fluctuating asymmetry in 
age groups. These data were correlated with the number of ectoparasites (Ixodes ricinus) for each individual to 
establish a correlation between AF and the degree of parasitic individuals. 
The results show that among individuals in the first year of life and the others, statistically significant differences 
regarding the percentage of AF exist. Can be concluded that this anomaly of the development is less related to genetic 



factors, and more to stress caused by external factors. It also established a link between the number of parasites, AF and 
degree of human habitat. 
 

3.3. Genogeographic analysis of Borrelia burgdorferi isolated from arthropods and 
vertebrates in Romania and emphasizing the epidemiological importance 

 

3.3.1. Monitoring the prevalence of B. burgdorferi antibodies in wild biungulate populations of 
Romania 

Action of diagnosing anti B. burgdorferi sl antibodies was continued in 2012. Obtaining serum samples from wild boar 
was difficult, being restricted to those taken for the diagnosis of classical swine fever in accordance with the protection 
of sylvatic fauna. The 4DX SNAP ® test was used (Idexx Laboratories USA), and the results were negative. 
The tests regarding the borrelicide activity of wild boar serum based on complement were carried out in order to 
clarify the potential role of reservoir of the animals of this species. The strains used were ATCC strains, B. burgdorferi ss 
and B. garinii and diluted sera of wild boar 10%, 25% and 50%. Treated and untreated cultures in which serum 
complement was heat-inactivated were used as controls. Based on distinct significant decrease (p = 0.01) in the number 
of viable bacteria in treated with diluted sera cultures, independent from the strain, it could be concluded that the 
serum of wild boars has borrelicide capacity, supporting the role of  zoo-prophylaxis host for this species. Therefore is 
not a sentinel species for humans. 
Samples of organs (spleen, liver, kidneys and lymph nodes) from wild boar were subjected of DNA extraction process 
using commercial kit G-Dex II Genomic DNA Extraction for Cell / Tissue (Intron Biotechnologies, Korea), and then the 
process of PCR amplification in order to determine the prevalence of systemic infection with B. burgdorferi sl. The 
prevalence of systemic infection was 1.14% in an equal number samples collected, decreasing by comparison with the 
reference period, with a prevalence of 4.82%.The prevalence ranged from 0 to 6.25% compared with 0 to 27.59% (p 
<0,03), decreasing, depending on investigated hunting areas. 
Regarding the 343 samples collected from wild ungulates, DNA of B. burgdorferi sl. was found in the liver tissue of a 
deer (Capreolus capreolus) (1/343, 0.2%), hunted in Cluj County. RFLP technique allowed the identification of genotype 
B.gGarini. 
The prevalence of A. phagocytophilum infection is shown in Table 3. None of the 200 collected ectoparasites did not 
show DNA  of any two pathogens studied. 
 

Table 3 Data of positive samples for A. phagocytophilum 

Species samples 
number 

Frecvency Prevalence % CI95% p 

heart 

C.capreolus 21 5 23.8 8.2-47.2 

p< 0.00001 

C. elaphus 21 0 0 0 

O. ammon 2 0 0 0 

S. scrofa 299 1 0.3 0.0-1.8 

Total 343 6 1.7 0.7-4.0 

liver 

C.capreolus 21 7 33.3 14.6-57.0 

p< 0.00001 
C. elaphus 21 0 0 0 

O. ammon 2 1 50 1.3-98.7 

S. scrofa 299 0 0 0 

Total 343 8 2.3 1.1-4.7  

TOTAL 343 11 3.2 1.7-5.8  

 

3.3.2. Monitoring the prevalence of antibodies to Borrelia burgdorferi sensu lato in animals from 
the Danube Delta   

To identify antibodies present in horses, immunofluorescence reaction was used, applying a commercial kit 
(MegaScreen FluoBorrelia horse, Megace Diagnostik GmbH, Germany). Reaction steps were performed according to the 
manufacturer, and the evaluation of results was done by comparing the fluorescence with that of the control samples 
(negative and positive). From a total of 58 samples tested in 2011, in 9 detectable titers of anti-B. burgdorferi sl. was 
revealed, the seroprevalence being 15.51%. The investigation was continued in order to assess the host character of 
horses in epidemiological cycle of borreliosis by assessing the borrelicide ability of horse serum. Strains used were the 
strains of B. burgdorferi ss CB53, ATCC B. burgdorferi ss, ATCC B. garinii, B. garinii CB61, CB43 B. afzelii after 8 and 11 
passages and negative horse sera by IFA, diluted 5%, 10%, 25% and 50%. Treated and untreated cultures in which 
serum complement was heat-inactivated were used as controls. Horse serum had a borrelicide action for B. burgdorferi 



ss CB53, CB61 B. garinii and B. afzelii CB43/XI strains, other strains being resistant to horse serum complement. Based 
on resistance patterns identified, it is possible that equines represent reservoir hosts for certain strains of B. 
burgdorferi sl. but xenodiagnosis tests should be conducted for clarification. 
 

3.3.3. Parasitic ticks on rodents in Romania: hosts preferences, community structure and 
geographical distribution 

From the total of 423 examined animals, 125 (29.55%) harboured ticks with a mean intensity of 3.86 and a mean 
abundance of 1.14 (Table 4). The highest prevalence of tick infestation was found in Microtus arvalis (70.37%) while 
two species did not harbour ticks at all (Mus musculus, Rattus norvegicus). The highest intensity was found in Apodemus 
agrarius (7.10) and the highest mean abundance in M. arvalis (2.87). 
 

Tabel 4 Prevalence, intensity and abundance of hard-tick parasitism in rodents by host species 
 

 
 

The total number of ticks collected from rodents was 483, with eight species identified (Table 5). The dominant species 
was I. ricinus (71.01%), followed by I. redikorzevi (23.60%) and I. apronophorus (2.48%). The other 5 species accounted 
each for less than 1.5% from the total of the collected ticks. The majority of I. ricinus collected were larvae (76.97%), 
while in case of I. redikorzevi, nymphs were predominant (82.46%). 
 

Table 5 Developmental stage distribution of ticks feeding on rodents in Romania (number and percentage of all 
collected) 

 

 

 
 
The highest overall prevalence was recorded for I. ricinus (20.57% of rodents infested) followed by I. redikorzevi 
(7.09%). All other ticks species had prevalences below 0.5% (Table 6). Only two hosts had polyspecific parasitism, with 
I. ricinus + I. redikorzevi and I. ricinus + Dermacentor marginatus respectively. 
 
 
 
 



Table 6 Prevalence of developmental stages by tick species (number and percentage of all collected) 
 

 
 * 2 animals with polyspecific infestation. 
 
The highest number of host species was recorded for I. ricinus (8 host species) followed by I. redikorzevi (3 host 
species) and Rhipicephalus sanguineus (2 host species). All the other tick species were found only on a single host 
species (Table 7). Adult ticks (regardless of the species) were found on 5 host species, nymphs on 6 host species and 
larvae on 7 species (Table 7). 
 

Table 7 Tick-rodent associations in Romania 

 

 
Aa - Apodemus agrarius; Af - Apodemus flavicollis; As - Apodemus sylvaticus; Au - Apodemus uralensis; Mg - Myodes 
glareolus; Mm - Micromys minutus; Ma - Microtus arvalis; Msu - Microtus subterraneus; Msp - Mus spicilegus; Sc - 
Spermophilus citellus; 
 
The regional distribution of ticks parasitizing rodents shows that certain species were found in both examined regions 
(i.e. I. ricinus central and south-eastern Romania), while others were restricted to the central part (I. apronophorus, I. 
trianguliceps) or the south-eastern part (I. laguri, Haemaphysalis sulcata, R. sanguineus, I. redikorzevi) (figure 7). 
 

 

 
 
 
 
 
 
 
Figure 7 Regional distribution of parasitic ticks to 
rodents Romania 



3.3.4. Hedgehog, Erinaceus roumanicus as host for ticks infected with Borrelia burgdorferi sensu 
lato and Anaplasma phagocytophilum in Romania 

From the 57 hedgehogs examined, 24 had a tick infestation. Most ticks (n=959) were Ixodes ricinus. Two Rhipicephalus 
sp. and one Dermacentor sp. were found on two hedgehogs. However, these ticks were excluded from further analysis 
due to their low prevalence. The prevalence based on developmental stage was as follows: larvae 16.5% (158/959; 
95% CI: 14.2%-19.0%), nymphs 55.3% (530/959; 95% CI: 52.1%-58.4%), females 21.8% (209/959; 95% CI: 19.2%-
24.6%), and males 6.5% (62/959; 95% CI: 5.0%-8.3%) (Table 8). 
The overall prevalence of B. burgdorferi s.l. in the ticks was 0.4% (4/959; 95% CI: 0.1-1.1%). The positive results were 
registered for 3 nymphs and 1 male. From all 24 hedgehogs that were infested with I. ricinus, two presented B. 
burgdorferi s.l. positive ticks (8.3%; 2/24; 95% CI 1.1-28.0) (Table 8). In all cases, the genospecies was identified as 
Borrelia afzelii. 
A total of 115 out of 959 ticks (12%; 95% CI: 10.0-14.3%) was positive for A. phagocytophilum (Table 8). Of these 101 
were nymphs. Eight hedgehogs that presented I. ricinus infestation had A. phagocytophilum positive ticks (34.8%; 8/23; 
95% CI 16.4-57.3). The highest prevalence of A. phagocytophilum DNA was present in nymphs (19.1%; 101/530; 95% 
CI 15.9-22.7). Two hedgehogs (8.3%; 2/24; 95% CI 1.1-28.0) had ticks positive for B. burgdorferi s.l. and A. 
phagocytophilum. One tick was positive for both investigated pathogens 0.1% (1/959; CI 0.0-0.7%). 
 

Table 8 Prevalence of B. burgdorferi s.l. and A. phagocytophilum DNA in ticks collected from hedgehogs 

 
 

3.3.5. Spatial distribution and molecular prevalence of Borrelia burgdorferi genotypes in the tick 
Ixodes ricinus in Romania: national survey. 

 

3.3.5.1. Prevalence of Borrelia burgdorferi S.L.in ticks 

A total of 12.221 (larvae 4.46%, nymphs 42.35%, adults 53.19%) questing I. ricinus ticks were analyzed for the 
presence of Borrelia burgdorferi s.l. using PCR. The infection with B. burgdorferi s.l. was detected in 55 localities out of 
183 (30.1%; 95% CI: 23.5-37.3). The local prevalences in the positive localities varied between 18.18% and 0.75%, with 
an average prevalence in the infected localities of 3.8 % (172/4518; 95% CI: 3.3-4.4). The local prevalence for all the 
collection sites is shown in figure 8. 
The overall prevalence of the infection with B. burgdorferi s.l. was 1.4% (172/12,221; 95% CI: 1.2-1.6). The highest 
prevalence was recorded in females (3.2 %; 104/3273; 95% CI: 2.6-3.9), followed by males (1.3%; 41/3227; 95% CI: 
0.9-1.7), nymphs (0.5; 25/5176; 95% CI: 0.3-0.7) and larvae (0.4%; 2/545; 95% CI: 0.1-1.5). The overall prevalence in 
adult ticks (2.2%; 145/6500; 95% CI: 1.9-2.6) was higher than in immatures (0.5%; 27/5721; 95% CI: 0.3-0.7), but not 
statistically significant (p=0.4114). If we calculate the prevalence using only the positive populations, the overall value 
is 3.8% (172/4518; 95% CI: 3.3-4.4) with higher values for adults (6.5%; 145/2216; 95% CI: 5.6-7.7). 

 

3.3.5.2. Prevalence of Borrelia burgdorferi s.l genospecies. 

RLB analysis of the samples positive by PCR for B. burgdorferi s.l. are shown in table 9. Three genospecies were 
identified. Concordant results were obtained after restriction of amplified products by TrulI. The majority of ticks were 
infected with Borrelia afzelii (126/12,221; 1.03% or 73.25% from the infected ticks) followed by B. garinii (65/12,221; 
0.53% or 37.79% from the infected ticks) and B. burgdorferi s.s. (12/12,221; 0.10% or 6.98% from the infected ticks). 
One hundred and forty one out of the 172 infected ticks (82%; 95% CI: 75.4-87.4) had monospecific infections. Co-



infections were detected in 31 ticks out of the 172 infected (18%). The most common co-infection was B. afzelii + B. 
garinii. Interestingly, for B. garinii, out of the 65 infected I. ricinus, 30 (46.2%; 95% CI: 33.7-59.0) were co-infections. 
The spatial distribution of the three genospecies found is shown in figure 9. The most widely distributed genospecies in 
Romania was B. afzelii (46 localities), followed by B. garinii (23 localities) and B. burgdorferi s.s. (12 localities). Co-
infections were found in 14 localities: three localities with all the three genospecies; ten with B. afzelii + B. garinii and 
one with B. garinii + B. burgdorferi s.s. 
Another interesting outcome from our survey is the association of species in the localities where more than one 
genospecies occurs. In the majority of these localities individual ticks showed a high number of co-infections (figure 
10), suggesting multiple reservoir host use by sympatric ticks. 
 

   
Fig. 8 The local prevalence for all the 

collection sites 
Fig. 9 The spatial distribution of the 

three genospecies 
Fig. 10 Prevalence of co-infections in 

individual ticks 
 

Table 9 Frequency and prevalence of B. burgdorferi s.l. and its genospecies in examined I. ricinus ticks from Romania 

Genospecies of 
Borrelia burgdorferi s.l. 

Frequency 
(n) 

From total (% 
infected) 

Prevalence (% 
examined) 

95%CI p 

B. afzelii 97 56.4 0.8 0.6-1.0  

B. garinii 35 20.3 0.3 0.2-0.4 

0.00001 

B. burgdorferi s.s. 9 5.2 0.1 0.0-0.1 

B. afzelii + B. garinii 28 16.3 0.2 0.2-0.3 

B. garinii + B. 

burgdorferi s.s. 

2 1.2 0.0 0.01-0.1 

B. burgdorferi s.s.+ B. 

afzelii 

1 0.6 0.0 0.0-0.1 

TOTAL infectate 172 100.0 1.4 1.2-1.6  
 

 

3.3.6. Identification of Borrelia burgdorferi sensu lato in ticks collected from people in Romania 

A total number of 532 ticks of three species were collected from human patients during the study: 518 I.ricinus (97.3%), 
10 Dermacentormarginatus (1.8%), 3 Haemaphysalis spp. ticks (0.5%), and one unidentified tick due to destruction In 
our study region in Romania I. ricinus is the by far most frequently found tick on humans. 
A clear identification of involved genospecies, based on a unique range of melting temperatures revealed the presence 
of B. burgdorferi, B. afzelii and B. lusitaniae. 


