
 
 

SUMMARY OF WORK - DECEMBER 2011 
PPCE 7/2010 

1. INTRODUCTION 
 
 In this stage there were pursued three objectives: (1) the development of new experimental models 
for the study of the relationship Borrelia - tick vector with two activities (1a) The development of an in vitro 
cultivation methods for ticks as an alternative for using in laboratory animals, in the context of vector-borne 
diseases study and (1 b) cultivation of pathogens of the genus Borrelia using the developed in vitro system, (2) 
To reveal new aspects of interrelation Borrelia –ticks with  3 activities (2a) vertical transmission capacity 
(transovarian and transstadial) in tick species in which this aspect is not known (2b) horizontal transmission 
capacity (from male to female and vice versa) in species of ticks in which this is not known (2c) The 
development and patenting of a method for collecting unfed ticks from the environment using carbon dioxide 
traps and (3) genogeographic characterization of B. burgdorferi sl strains isolated from arthropods and 
vertebrates in Romania and emphasizing the importance of epidemiological eith three activities (3a) 
Monitoring the prevalence of antibodies to Borrelia burgdorferi sensu lato in animals from the Danube Delta 
(3b) Monitoring the prevalence of antibodies to Borrelia burgdorferi sensu lato in wild biungulate populations 
from Romania and (3c) To identify the role of tick species and evolutionary stage vector involved in the 
transmission of Borrelia in Romania. For the objective (3) three additional activities were carried out: (3d) 
monitoring seroprevalence in humans, (3e) monitoring the molecular prevalence of co transmitted diseases to 
-birds and hedgehogs (3f) assessing the diversity of ticks collected from humans and genetic diversity of the 
species of Borrelia burgdorferi in these by Real Time PCR. 
 
2. MATERIAL AND METHODS 
 
 2.1. Samples 
 Between 11.12.2011-15.12.2011 consortium teams collected the following samples: (1) ticks from 
flagging (n = 14041), ticks collected from reptiles, birds and mammals (n = 5108), (2) serum or plasma 
samples from domestic mammals (n = 1146), hunting and hedgehogs (n= 39), (3) Other ectoparasites 
harvested by reptiles, birds and mammals (n = 6100) and (4) Tissues and organs samples (n = 5940). The total 
number of samples collected in 2011 is:32374. 
 
 2.2. Collection, preservation and identification of ticks and other ectoparasites 
 Ticks were collected either by flagging or from the reptiles, birds and mammals (domestic and wild) 
hosts. Preservation of samples was made according to the situation either in absolute ethanol or byfreezing, to 
allow further DNA extraction. Ticks identification was performed using morphological and molecular methods. 
Other ectoparasites were collected from the animals and preserved in absolute ethanol. 
 
 2.3. Collecting samples of serum and serological methods 
 In this stage, serum samples were collected from dogs, horses, wild biungulate and hedgehogs. Serum 
samples were examined by the following methods: ELISA, SNAP 4DX, immunofluorescence. 
 
 To assess the seroprevalence of B. burgdorferi infection in some populations of dogs and horses in 
urban and rural area, samples were collected from 1146 dogs from 25 counties. Preliminary information were 
obtained on the basis of a standardized questionnaire. To monitor the prevalence of antibodies to Borrelia 
burgdorferi sensu lato in wild biungulate populations from Romania, serum samples were analyzed by indirect 
hemagglutination test using commercial kit Bag Med. AG (HA Borrelia Bag Test, Germany). As antigen, a euro-
american mix of B.b.s.l. was used, according Stefancikova et al. (2008a). 
 
 
 2.3.1. Serological methods used in horses, dogs and wild boars 
 In order to estimate the seroprevalence two different methods were used. In the case of horses the 
Commercial immunofluorescence kit (MegaScreen FluoBorrelia horse, Megace Diagnostik GmbH, Germany) 
was preferred. Thr obtained sera was diluted according to the manufacturer's instructions and applied to wells 
lined with spirochete B.burgdorferi s.l. 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. 
Comparing the fluorescence of different samples obtained from positive and negative controls included in the 
kit allowed for dividing them into positive and negative samples. 

   



 In dogs, a new method to estimate the seroprevalence was used, ie Novatec commercial Elisa kit 
Canine Lyme IgG (Immunodiagnostic Novatec GmbH, Austria). After dilution of the samples, they were 
incubated in 96-well plate the walls of which have been dusted with the spirochete (B. garinii), washing, 
addition of antibodies canine IgG labeled with peroxidase enzyme, a new washing and addition of substrate, 
the results were read at ELISA reader (BioRad) using a dual wavelength, 450/620 nm. The classification 
results was made by comparison with the values obtained for the negative and positive control, and cut-off 
included in the kit. Dubious results and positive ones were subjected to a second stage by Western Blot 
diagnostic model used in medicine to establish serological human infection with B. burgdorferi s.l. For this 
purpose we used also a commercial kit from the same range of ELISA IgG Blot Lyme namely Novatec 
(Immunodiagnostic Novatec GmbH, Austria). Only confirmed by Western Blot results were considered 
positive.  
 The completion of the second activities called The monitoring of the prevalence of antibodies of  B. 
burgdorferi in the wild biungulate populations from Romania faced to the same hardships as  all serological 
tests performed with samples from wild animals, namely the lack of an enzyme-labeled anti-species or 
fluorescein. Therefore, a method which involves replacing them with protein A or protein G (of bacterial 
origin) was chosen to avoid errors due to the use of antibodies with low specificity. The method involved the 
study of the proteins prior to the affinity of boars antibodies. Obtaining serum samples from wild animals is 
another challenge faced by serological studies that involves wild animals. 
 2.3.2. Method SNAP 4DX 
SNAP®4DX®(IDEXX Laboratories, Westbrook, ME) is an ELISA test used in practice for qualitative and 
simultaneously detection of the antibodies of Erlichia canis, Anaplasma phagocytophilum and Borelia 
burgdorferi s.l and the antigens of Dirofilaria immitis in serum, plasma or whole blood from the dog. The 
samples are kept at room temperature for 30 minutes. prior to testing. With the plastic pipette you have to put 
3 drops of the test sample to each distribution tube, over sample add 4 drops of conjugate; then close the  tube 
and agitate 2 -3 times. Put the SNAP test on a flat surface, then pour the contents of the tube into the hole in the 
sample; it will probably reach the reading window before reaching the activation circle (30-60 seconds). The 
complex conjugate/antigen binds to antibody/anigen marked on the matrix. Once the circle of activation 
started to change color, pressure firmely the SNAPcactivator device. The sample flows back over the matrix. 
Provides a bidirectional flow and a second opportunity to bind to the antibody. The cleaning solution wash the 
matrix of debris which may interfere with the results. Colorless substrate solution reacts with the enzyme 
conjugate. Each enzyme converts molecules Multiple substrate from colorless to blue, increasing the signal. 
This reaction forms the blue spots in the reading window of the device, color that indicates a positive result. 
Reading the results can be performed after 8 minutes. Any change in color of the test area indicates the 
presence of the antigen of Dirofilaria, or of antibodies anti - A.phagocytophilum, - B. burgdorferi or - E. canis in 
the sample.  
 
 2.4. Tissue sample collection 
 Tissue samples were collected from cadavers dissections of wild or domestic animals and skin biopsy 
from lizards. From the dead animals there were collected samples of liver, spleen, heart and ear. All samples 
were frozen in order to carry out molecular biology. Tissue samples were collected from 130 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. In order to isolate the genetic 
material the Chelex method has been used. In a collection tube (microfuge Collection, Qiagen) 400 ml of 10% 
resin Chelex 100TM (Bio-Rad) were added to a tick and Pearl (Stainless steel beads - 5 mm, Qiagen). Mix 2-4 
min in Tissue Lyser II (Qiagen) at 30 frequencies / sec. Shake the vortex 5 sec and then the tubes were 
incubated overnight at 56oC. During incubation it was gently agitated several times. Shake in the vortex 10 sec 
and incubated again for 10 min. at 98oC. Next put the samples in ice. Shake in the vortex 10 sec. The tubes were 
centrifuged at 14,000 rpm for 2 min at 4oC. The supernatant obtained was collected in an Eppendorf tube. The 
DNA was stored at-20oC. 
 
 2.5.2. 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 
DNA 10.5 µl 
TOTAL 25 µl 



*Forward: Ospa Out 1 Borrelia burgdorferi s.l.: 5’ – GGGAATAGGTCTAATTTAGCC - 3’  
*Forward: Ixri Ixodes genus: 5' - GGAAATCCCGTCGCACG - 3'  
*Forward: TQ16S Ixodes ricinus species: 5’ - CTGCTCAATGATTTTTTAAATTGCTGTGG - 3’  
**Reverse: Ospa Out 2 Borrelia burgdorferi s.l.: 5’ – CACTAATTGTTAAAGTGGAAGT - 3’  
**Reverse: Ixri Ixodes genus: 5' - CAAACGCGCCAACGAAC - 3'  
**Reverse: TQ16S Ixodes ricinus species: 5’- ACGCTGTTATCCCTAGAG - 3' 
 
For positive control we used 4 µl of DNA and 6.5 µl of H2O. The amplification of the samples was carried out in 
a thermocycler MyGenie 96 Thermal Block (Bioneer), following the next amplification program: 
Step Temperature Cycle No. of cycles 
Intital denaturation  95oC 5 min. 1 
Denaturation 94oC 30 sec. 30 
Primers attachment 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. Restriction fragment length polymorphism method (RFLP) 
 The working methodology involves the following steps: 
 a. Getting a product by nested-PCR. 
 For this purpose already amplified DNA with primers specified above. In this reaction the following 
reaction mixture was used: 
 
PCR Master Mix 2x (Fermentas)  12.5 µl 
Primer F: Ospain 1* 1 µl 
Primer R: Ospain 2**  1 µl 
DNA 10.5 µl 
TOTAL 25 µl 
* 5’ - GCA AAATGTTAGCAGCCTTGAT- 3’, **5’-CTGTGTATTCAAGTCTGGTTCC- 3’ primers from Generi-Biotech. 
The amplification program is: 
 
Step Temperature Cycle No. of cycles 
Intital denaturation  95oC 5 min. 1 
Denaturation 94oC 30 sec. 30 
Primers attachment 42oC 30 sec. 30 
Elongation 72oC 30 sec. 30 
Final elongation 72oC 5 min 1 
 b.The enzymatic digestion of the PCR product obtained using restriction enzymes 
 Amplified DNA is digested with restriction enzyme Tru1I (MseI) 
 • Mix 10 µl of amplified DNA with 4 µl of H2O, 1 µl 10 X Buffer R (supplied with the enzyme, 
Fermentas) and 0.5 µl Tru1I (MseI) 
 • incubated at 65 ° C for 60 minutes 
 • add 0.6 µl of 0.5 M EDTA (Lonza) 
 • fragments resulting from the digestion are analyzed in a 2% agarose gel. 
 c. Agarose gel electrophoresis 
 To verify amplification of DNA extracted achieves a 1.5% agarose gel, and to verify RFLP's a gel of 2%. 
Preparing for migrating amplification products in agarose gel: 
 • 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) 
 Prepare samples: 
 • 2 µl of 6x Loading Dye (Bio-Rad) + 4 µl 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 
devce composed of 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). 
 
 2.6. Methods of cultivation of bacteria of the genus Borrelia 
 The most common method of cultivation of B. burgdorferi sl from animal tissues (blood, skin) or tick is 
sowing them directly in the BSK. In this case, the addition of antibiotics reduce the risk of contamination of the 
culture with other bacteria from the animal or the environment. The most commonly used antibiotics include 
rifampin, phosphomycine, amphotericin B and kanamycin. Although the growth of Borrelia can usually be 
detected after 1-3 weeks after inoculation, there are strains that grow slowly (several months). As a diagnostic 
method, cultivation has 100% specificity but low sensitivity, and the very high cost and the multiple 
maneuvers requested do not recommend this method in current practice. The research, however, cultivation is 
a very useful tool, providing the posibility of isolation strains circulating in some areas, and their use for 
diagnostic purposes or for experimental infection. It turned out that the immunological tests and antigen using 
local strains, give more precise results. 
 
 2.7. Cell cultures 
 Five cell lines derived from embryos of Ixodes ricinius isolated in England (19 IRE, 20 IRE) and 
Germany (IRE 11) and isolated from Ixodes scapularis USA (ISE IDE 6 and 8) were studied. Culture medium 
used for " in vitro " maintenance of mentioned cell lines were: L-15 IRE 19, L-15B for ISE IDE 6 and 8, L-
15B300 for IRE 20. The culture medium should be prepared fresh the day of use, or kept at 4 ° C and used 
within 2 weeks. The L-15 media contains in 100 ml: 70 ml Leibovitz medium, 10 ml Tryptose phosphate broth, 
20 ml SFB, 1 ml L-glutamine 200 mM and 1 ml Penicillin-Streptomycin. L-15B medium contains per 100 ml: 85 
ml L-15B medium (Leibovitz medium enriched with minerals and vitamins), 10 ml Tryptose phosphate broth, 
5 ml SFB, 1 ml lipoprotein 10% in L-15 medium, 1 ml L-glutamine 200mm, 1 ml Penicillin-Streptomycin. L-
15B300 medium in 400 ml contains: 3 parts, 300 ml of medium L-15B and some 100 ml sterile distilled water 
(osmotic pressure 300 mOsm / L). Cell cultures were incubated at 28 °C(IRE 19 and 20) and 32 ° C (IRE 11, ISE 
6 and IDE 8). The media has to be changed by replacing between 50% and 80% of the media. Passage of cell 
cultures has to be done every 2-3 weeks. Conservation in liquid nitrogen is difficult and not always have a 
positive outcome. The conservation media is composed of 20% fetal bovine serum and the culture medium (L-
15, L-15B, M-15B300) with DMSO 20%. 
 
 2.8. Ticks cultivation in the laboratory condition 
 "In vivo" maintenance of larvae and nymphs of Ixodes ricinus, Haemaphysalis punctata and 
Dermacentor marginatus was performed , using guinea pigs and rabbits as experimental animals. Technique 
consisted of: animals anesthesia using a combination of xylazine and ketamine, inject, im, the preparetion of 
the elected area by  shaving and clipping, fixing a plastic enclosure, a diameter of 5 cm in the lower back region, 
using as a silicone adhesive, after drying the silicone, the introduction into the enclosure by means of 
entomological clamps, of 30 ticks (larvae on guinea pigs and rabbits nymphs) enclosure cover with small mesh 
so that ticks could not exit, but allow viewing inside the enclosure; in order not to damage attached devices, 
Elizabethan collar were applied, after feeding, ticks were collected and placed in plastic tubes with dimensions 
2.5x9 cm, inside which shavings was also introduced. The tubes were kept at a temperature of 24 ° C. 
 
3. REZULTATE 
 
 3.1. Identification, host associations and geographical distribution of tick species in Romania 
 By flagging were captured in 2011 14041 ticks. There Have been identified in total 12 species of ticks 
collected by this method (Mihalca et al., 2011). Of the total number of ticks collected from the host (5108) 
there were identified 20 species and 59 new host-tick association (Table 1) (Mihalca et al. 2011b). The 
geographical distribution of the identificated tick species compared to the georeferencing digitized historical 
references are presented as cartogram in Figures 1-24. 
 
 Ticks collection from the environment has led to the conclusion that the most widespread species in 
Romania is Ixodes ricinus, the vector of Lyme disease agent. Of the ticks collected Ixodes ricinus was the most 
frequent (86.9%), followed by Dermacentor marginatus (9.5%), Haemaphysalis punctata (2.6%), H. concinna 
(0.6%), H. sulcata (0.3%), H. Parva (0.1%), Hyalomma marginatum (0.02%), D. reticulatus (0.02%), I. 
crenulatus (0.007%), I hexagonus (0.007%) and I. laguri (0.007%). I. ricinus was present in 97.7% of the sites 
studied, the only tick in 41.7% of sites while in 38.8% of locations was the dominant species, accounting for 
over 70% of the community ticks (Figures 25 and 26). 
 



 From the all studied host species, and extensive studies have been performed (high number of 
samples) to the main host reservoir of Lyme disease agent: foxes (Vulpes vulpes), small mammals (species of 
the genera Apodemus, Sorex, Crocidura, Erinaceus) and birds (genus Turdus and Corvidae). The results show 
that the fox is host for the three species of ticks (I. ricinus, I. crenulatus and I. hexagonus), micromammals for 
two species (I. ricinus and I. redikorezevi) and birds for 3 species (I. ricinus, I.arboricola and I. redikorzevi). It 
notes the importance of the three ecoepidemiological categories of hosts (both I. ricinus and I. hexagonus are 
known as competent vectors of Lyme disease). It also raises the assumption that the other three species may 
act as bridge vectors or species: I. redikorzevi, I.arboricola and I. crenulatus. This hypothesis will be tested in 
the next stage. 
 
  
 
 3.2. Infection with Borrelia burgdorferi sensu lato and other pathogenic bacteria associated 
with ticks and their genetic diversity 
 All the ticks collected were examined by PCR for the presence of the bacterium Borrelia burgdorferi 
sensu lato; there have been identified 78 positive ticks from the environment and 7 positive from the host. 
Three genotypes were identified: Borrelia burgdorferi sensu stricto, B. afzelii and Borrelia garinii. In ticks 
collected from hedgehog have been identified associated infection with 
Anaplasma phagocytophilum. Preliminary data show that Ixodes arboricola in Romania is not a vector for Lyme 
disease. 
 
 3.3. Infection with Borrelia burgdorferi sensu lato in tissues from wildlife vertebrate and their 
genetic diversity 
 Of the 130 species examined by PCR, 15 species were found positive for infection with Borrelia 
burgdorferi sensu lato: Capreolus capreolus, Vulpes vulpes, Vormela peregusna, Mustela lutreola, Apodemus 
agrarius, Parus major, Crocidura suaveolens, Micromys minutus, Lepus europaeus, Oryctolagus cuniculus, Corvus 
monedula, Apodemus agrarius, Microtus agrestis, Turdus pilaris, Pica pica and Lacerta agilis. The total number 
of positive samples was 26 and three genotypes were identified: Borrelia burgdorferi sensu stricto, B. afzelii 
and Borrelia garinii. Among these hosts, infection with Borrelia is World first reported in two species: marbled 
polecat (Vormela peregusna) and mink (Mustela lutreola).  
 
Through comparative analysis of infection in different tissues, we concluded that the most suitable for the 
detection of Borrelia by PCR are the heart and liver tissues, also a new worldwide report. The present study is 
the first of its kind in Romania.  
 
The correlation of Borrelia genospecies with the host revealed that in Romania, the species B. afzelii is more 
common in shrews, B. burgdorferi sensu stricto in carnivorous and B. garinii in rabbits. In birds and foxes all 
three species were found. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Species Hosts 
Ixodes ricinus Reptilia: Lacerta agilis1,7,8,11,*, L. viridis1,*, Podarcis tauricus1, Z. vivipara1,*,Emys orbicularis*. 

Aves: Phasianus colchicus1, Perdix perdix1, Meleagris gallopavo5, Falco tinnunculus1, Crex 
crex11,*, Bombycilla garrulus1, Pica pica*, Erithacus rubecula*, Luscinia megarhynchos1, 
Phoenicurus ochruros*, Turdus merula1,11,*, T. pilaris*, T. iliacus1, T. philomelos11,*, Sturnus 
vulgaris*, Fringilla coelebs*, Coccothraustes coccothraustes1, Garrulus glandarius*, Parus 
major11,*, Emberiza citrinella1. Mammalia: Homo sapiens1,4,5,10,*, Vulpes vulpes1,11,*, Canis 
aureus11,*, C. familiaris1,5,11,*, C. lupus11,*, Felis catus1,5,11,*, F. silvestris*, Mustela nivalis1, M. 
putorius*, Sciurus vulgaris1,*, Spermophilus citellus1, Muscardinus avellanarius1,*, Eliomys 
quercinus1, Dryomys nitedula1, Apodemus agrarius1,*, A. microps*, A. sylvaticus1,*, A. flavicollis1,*, 
A. uralensis*, Arvicola terrestris11,*, Clethrionomys glareolus*, Microtus arvalis1, M. 
subterraneus*, Micromys minutus*, Oryctolagus cuniculus1, Erinaceus roumanicus1,11,*, Sorex 
araneus*, S. minutus*, Crocidura leucodon*, C. suaveolens*, Neomys fodiens*, Bos taurus1,4,5, Capra 
hircus1,5,11*, Ovis aries1,4,5,*, Capreolus capreolus11,*, Sus scrofa1,11,*, Equus caballus4,5,11,*, E. 
asinus5 

I. apronophorus Mammalia: Micromys minutus1, Apodemus agrarius1, A. flavicollis* 
I. arboricola Aves: Erithacus rubecula*, Phoenicurus phoenicurus*, Turdus merula*, Sturnus vulgaris2, Parus 

major*, Cyanistes caeruleus*, Muscicapa striata* 

I. crenulatus Mammalia: Vulpes vulpes1,*, Meles meles1, Erinaceus roumanicus1 

I. hexagonus Mammalia: Vulpes vulpes*, Felis silvestris*, Mustela putorius1 

I. laguri Mammalia: Spermophilus citellus1,*, Mesocricetus newtoni1, Spalax sp.1 

I. redikorzevi Aves: Pica pica*, Phoenicurus phoenicurus*, Turdus merula*, T. pilaris1, Parus major*, Cyanistes 
caeruleus*, Carduelis carduelis*, Fringilla coelebs*, Passer domesticus1. Mammalia: Mustela 
putorius1, Spermophilus citellus1, Cricetus cricetus1, Microtus arvalis1, M. agrestis1, Apodemus 
agrarius1, A. sylvaticus1, A. microps*, A. flavicollis1, Micromys minutus*, Spalax sp.1, Erinaceus 
roumanicus1 

I. rugicollis Mammalia: Mustela putorius1 

I. simplex Mammalia: Rhinolophus ferrumequinum1, Miniopterus schreibersii1,3 

I. trianguliceps Mammalia: Microtus arvalis1, M. subterraneus*, Sorex araneus1, S. alpinus1, Talpa europaea1 

I. vespertilionis Mammalia: Rhinolophus ferrumequinum1,3,*, R. hipposideros3, R. euryale*, R. blasii3, Miniopterus 
schreibersii1,3, Myotis myotis3, M. alcathoe* 

Haemaphysalis inermis Mammalia: Bos taurus1, Ovis aries1 

H. punctata Aves: Meleagris gallopavo5. Mammalia: Homo sapiens4,10, Canis familiaris1,5, C. aureus*, Felis 
catus5, Microtus arvalis1, Erinaceus roumanicus*, Bos taurus1,4,5, Ovis aries1,5, Capra hircus1,5, 
Equus caballus1,4,5, E. asinus5 

H. sulcata Reptilia: Lacerta viridis1, Podarcis muralis1. Mammalia: Spermophilus citellus*, Bos taurus1, 
Ovis aries1,5, Capra hircus1, Equus caballus1 

H. parva Reptilia: Podarcis tauricus1. Aves: Gallinago gallinago1. Mammalia: Lepus europaeus1, Bos 
taurus1, Ovis aries1, Capra hircus1, Equus caballus1 

H. concinna Reptilia: Lacerta viridis*, Podarcis tauricus*. Mammalia: Homo sapiens4,10, Canis familiaris5, 
Mustela putorius1, Apodemus sylvaticus1, Lepus europaeus1, Ovis aries1,5, Capreolus capreolus1,5, 
Equus caballus1 

Dermacentor marginatus Aves: Emberiza citrinella1. Mammalia: Homo sapiens4,10,*, Canis familiaris11,*, Mus musculus1, 
Microtus arvalis*, Erinaceus roumanicus*, Bos taurus1,4,5, Ovis aries1,4,11,*, Capreolus capreolus11,*, 
Capra hircus1,5,*, Sus scrofa1,11,*, Equus caballus1,4,5,11,* 

D. reticulatus Mammalia: Canis lupus1, Bos taurus1, Ovis aries1, Capra hircus1 

Rhipicephalus annulatus Mammalia: Bos taurus1,4, Ovis aries1, Equus caballus1 

R. bursa Mammalia: Homo sapiens*, Mustela putorius1, Erinaceus roumanicus1, Bos taurus1,*, Ovis 
aries1,*, Capra hircus1, Equus caballus1,* 

R. sanguineus s.l. Aves: Acrocephalus arundinaceus*. Mammalia: Canis familiaris1,5,*, C. aureus11,*, Ondatra 
zibethicus1, Microtus sp.1, Apodemus flavicollis*, Mus spicilegus*, Erinaceus roumanicus*, Bos 
taurus1,5, Ovis aries1,4, Equus caballus4 

R. rossicus Mammalia: Spermophilus citellus1, Erinaceus roumanicus1,* 

Hyalomma aegyptium Reptilia: Testudo graeca1,6,9,*.Mammalia: Erinaceus roumanicus1 

H. marginatum Reptilia: Lacerta viridis*, Podarcis tauricus*, Vipera ammodytes1. Aves: Gallus gallus1, Athene 
noctua1, Muscicapa striata*, Emberiza citrinella1. Mammalia: Homo sapiens*, Canis familiaris*, 
Mesocricetus newtoni1, Apodemus sylvaticus1, Lepus europaeus1, Erinaceus roumanicus*, Bos 
taurus1,4, Ovis aries1,4,11,*, Capra hircus1,11,*, Sus scrofa1, Equus caballus1,4,* 

H. scupense Mammalia: Bos taurus1,5, Capreolus capreolus1 

1 - Feider, 1965; 2 - Mironescu, 1966; 3 - Georgescu, 1968; 4 - Teodorescu and Popa, 2002; 5 - Chiţimia, 2006; 6 
- Široký et al., 2006; 7 - Mihalca, 2007; 8 - Majláthova et al., 2008; 9 - Široký et al., 2009; 10 - Briciu et al., 2011; 
11 - Dumitrache et al., in press.; * - current study. Underlined binomials are new host records for Romania. 



 
Figure 1. Ixodes ricinus 

 
Figure 2. Ixodes 
apronophorus 

 
Figure 3. Ixodes arboricola 

 
Figure 4. Ixodes crenulatus 

 
Figure 5. Ixodes hexagonus 

 
Figure 6. Ixodes laguri 

 
Figure 7. Ixodes redikorzevi 

 
Figure 8. Ixodes rugicollis 

 
Figure 9. Ixodes simplex 

 
Figure 10. Ixodes trianguliceps 

 
Figure 11. Ixodes vespertilionis 

 
Figure 12. Haemaphysalis inermis 

 
Figure 13. Haemaphysalis punctata 

 
Figure 14. Haemaphysalis sulcata 

 
Figure 15. Haemaphysalis parva 

 
Figure 16. Haemaphysalis concinna 

 
Figure 17. Dermacentor marginatus 

 
Figure 18. Dermacentor reticulatus 

 
Figure 19. Rhipicephalus annulatus 

 
Figure 20. Rhipicephalus bursa 

 
Figure 21. Rhipicephalus sanguineus 

 
Figure 22. Rhipicephalus rossicus 

 
Figure 23. Hyalomma aegyptium 

 
Figure 24. Hyalomma marginatum 



 
Figure 25. Distribution and prevalence of Ixodes ricinus species with 

relative prevalence of ticks in local communities 

 
Figure 26. Distribution of major species of ticks and their dominance in 

Romania (IR - Ixodes ricinus, DM - Dermacentor marginatus, HP - 
Haemaphysalis punctata, HC - H. concinna, HS - H. sulcata) 

 
3.4. 4DX Snap Method in dogs: co-infection and geographical distribution 
  
 1146 serum samples were collected from dogs and were tested by the SNAP ® 4DX ® method (IDEXX 
Laboratories, Inc., Westbrook, ME) for antibodies against Anaplasma phagocytophilum, anti Borrelia 
burgdorferi and anti Ehrlichia canis and Dirofilaria immitis antigens. It was evaluated the correlation between 
positive cases and their geographical distribution and analysis of risk factors (age, sex, race, work, habitat and 
treatments prophylactic). In total, 129 dogs (11.3%) were serologically positive for one or more pathogens. 
The seroprevalence were as follows: A. phagocytophilum 5.5% (63/1146), D. immitis 3.3% (38/1146), E. canis 
2.1% (24/1146) and B. burgdorferi 0.5% (6/1146). Co-infection with E. canis and A. phagocytophilum was 
found in 2 dogs (0.2%). Geographical distribution (Figures 27-30) of positive cases suggests outbreaks in the 
south and west part of the country for D. immitis, and in the south part (Constanța) for for E. canis. A. 
phagocytophilum and B. burgdorferi had an omogen distribution with a trend of the seroposive cases for Lyme 
disease in the center of the country. 
 
 

 
Figure 27. Geographical distribution of positive cases of Anaplasma 

 
Figure 28. Geographical distribution of positive cases of Borrelia 



 
Figure 29. Geographical distribution of positive cases of Diroflaria 

 
Figure 30. Geographical distribution of positive cases of Ehrlichia 

 
 3.5. Flagging-trapping device and its effectiveness 
 
 Most studies involving pathogens agents from the Ixodidae family require collecting them from the 
environment. A efficient collection method is to create a complete database. The main goal consists in 
evaluating a new method of collecting where the traditional method, the flag was enhanced by CO2 release, 
attractant agent emitted by the hosts of tick (Figure 31). CO2 dispersion was carried out through a silicone 
rubber tube inserted into the canvas. The studies were realised in spring of 2011, in March-April in two 
locations from Cluj, Romania. The study showed that improved CO2 flag increase the accession of Ixodes ricinus 
to the flag(p <0001). By using this improved flag were caught 2411 (59%) ticks while using the classic flag 
without CO2 were collected 1670 (41%) ticks. CO 2 addition induced a different concentration to the surface of 
the canvas, ranging from 756.5 - 1135.0 ppm, with an average of 848.9 ppm (Figure 32). 
 

 
 
 

Figure 31. The schemaof the projected device 
 

Figure 32. Changes in the concentration of carbon dioxide into 
the designed device. 

 
 3.7. Seroprevalence in horses and in dogs from the Danube Delta 
 From a total number of 58 samples tested, nine had detectable titers of antibodies anti-B. burgdorferi 
s.l. with a value for seroprevalence of 15.51%. The seroprevalence was 4.68%. (3/64) without significant 
differences between recorded seroprevalence values in other parts of the country, both in dogs and in horses. 
 
 3.6. Cultivation of Borrelia burgdorferi bacteria in Ixodes ricinus embryonic cell lines 
 
 A study was made in a cell line of isolated embryos from Ixodes riciniu from Germany - IRE 11. For the 
infection of the cell line was used B. burgdorferi sensu stricto. The media culture used for cultivating "in 
vitro"of B. burgdorferi were enriched with L-15B300 2.23 mM N-acetylglucosamine and 1.1% gelatin and 
enriched L-15B300 to which was added 10% BSK. B. burgdorferi cell lines IRE 11cultivation: first were 
multiplied the cells in monolayer cultures then were infected with 1x106 spirochetes / ml. The cultures were 
divided into four groups. Two groups of cultures were maintained at 32 ° C and 34 ° C: (1) cells grown in rich 
medium of L-15B300, (2) cultivated cells in rich medium of L-15B300 plus 10% BSK. There were also carried 



out, control cultures grown in tubes in both environmental types but uninfected with the spirochetes and also 
tubes where the spirochetes were maintained in BSK medium.The obervation of B. burgdorferi-infected cell 
cultures was daily. The evaluation was made 3 and 7 days after infection: the percentage of viable cells (by 
Trypan blue staining), cells and spirochetes development and cells adherence of the spirochetes (Giemsa 
staining). 
 
Starting on day 2 post infection cells became granular, vacuolar, and were observed cellular debris in the 
environmental (Figure 33). Three days after infection, the highest percentage of viable cells was recorded in 
cultures grown at 32 ° C in the medium with L-15B300 enriched (60.1%), followed by the cultures maintained 
at 34 ° C in L-15B300 medium enriched plus 10% BSK (37.6%),  by those maintained at 32 ° C in L-15B300 
enriched medium plus BSK (17.8%) and the lowest percentage of viability was recorded in cultures grown at 
34 ° C with L-15B300 enriched medium (14.2%). 7 days after infection were not any viable cells. 3 days after 
infection were observed spirochetes attached to the cells (Figure 34). 
 

 
Figure 33. Cell cultureIRE 11 infected with B. burgdorferi, mentained 

with L-15B300 media enrichied plus 10% BSK 

 
Figure 34. B. burgdorferi spirochetes attached to embrionarz cells of 

Ixodes ricinus (Giemsa stain) 

 
 3.8. Prevalence in wild biungulate 
 
 50 sera were obtained from wild boar from two hunting area. After testing them by the above method, 
seroprevalence obtained was 2% (one positive sample). Studies on a large number of samples using the other 
diagnostic methods are required to confirm the results. Also in order to determine the prevalence of infection 
with B. burgdorferi sensu lato in wild boar populations in Romania, a molecular study was designed to identify 
the DNA of B. burgdorferi sl in organs of pigs. 842 samples were collected from pigs, consisting of fragments of 
spleen, liver, kidneys and lymph nodes. They were subjected to DNA extraction process using commercial kit 
G-Dex II Genomic DNA Extraction for Cell / Tissue (Intron Biotechnologies, Korea), and then PCR amplification 
process. Primers used to amplify a portion of the reaction 16S rRNA intergenic spacer common to all B. 
burgdorferi sl genospecies. Following this procedure, 12 samples were found positive, resulting in a prevalence 
of 1.42%. Because this method is specific but not very sensitive, identifying only those animals that have a 
systemic infection, the actual prevalence of B. burgdorferi sl in wild boar populations from Romania is probably 
higher. 


