
The presence of ectoparasitic insects in the life of 

pets plays a major role in veterinary medicine. Flea pa-

rasitism is seen in both humans and animals. They are 

the most frequent external parasites of pets worldwide.

Some species of Siphonaptera are known to be vec-

tors of zoonotic pathogenic agents and pets, especially 

dogs and cats, they can play a major role as either re-

servoirs for pathological agents or as “means of tran-

sport” for the infected flea, carrying it from their natural 

reservoir to humans, thus playing a crucial role in the 

transmission of flea-borne diseases (4, 5, 8, 9, 10).

The aim of this paper is to identify the flea species 

present in dogs and cats in Hunedoara County and to 

demonstrate their role as vectors, especially in the case 

of Mycoplasma haemofelis and Dipylidium caninum.

MATERIALS AND METHODS

Identification of Siphonaptera species

A batch of 347 adult fleas was collected from dogs 

and cats in Hunedoara County for identification. Adult 

fleas were collected from animals with owners and 

from animals from the dog shelter in Sântuhalm (the 

municipality of Deva). The majority of pets had been 

dewormed but the treatment was unsuccessful and 

the flea infestation relapsed.

The sampling took place in spring, over a three-

month period (March-May 2018). For this, we used 

clamps and flea-combs and we deposited the fleas in 

sterile glass containers.

The fleas were examined with the help of a stereo-

scopic magnifying glass in the laboratory of the Parasi-

tic Diseases Department from Faculty of Veterinary 

Me-dicine, Timisoara. In order to identify the fleas, we 

analysed the following morphological characteristics: 

shape of the head, eyes and antennae fossae, respec-

tively, the presence, number and size of the genal and 

pronotal ctenidia. 

Demonstrating the presence of Mycoplasma 

haemofelis and Dipylidium caninum in the 

identified Siphonaptera species

Following the identification of the species, groups 

of 10 fleas belonging to each of the two species, inclu-
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 Puricii sunt unii dintre cei mai importanți ectopara-

ziți, producând prurit și disconfort gazdelor, dar având 

și rolul de vectori pentru anumiți agenți patogeni. În 

această lucrare au fost identificați 347 de purici de la 

câini și pisici din județul Hunedoara. Astfel, 72,33% au 

fost Ctenocephalides felis, 24,78% au fost C. canis și 

2,88% au fost Pulex irritans, respectiv. Prelucrarea 

probelor prin tehnica PCR a pus în evidență prezența 

speciei Mycoplasma haemofelis la C. felis și C. canis, 

dar nu și la P. irritans pentru primerii HBTr/ HBTf și 

Myc Hemo r/Myc Hemo f, în timp ce, pentru cestode, 

toate speciile au fost negative la primerii CEST3 / CES 

T5.
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ding larvae, were made in order to demonstrate the 

presence of Mycoplasma haemofelis and Dipylidium 

caninum and the trans-stadial transmission of the 

mentioned vectors through the polymerase chain re-

action (PCR) technique. The groups were put in micro-

centrifuge tubes of 1.5 ml, as follows: Tube F: Cteno-

cephalides felis, Tube C: Ctenocephalides canis, Tube 

P: Pulex irritans, and Tube L: Ctenocephalides felis 

larvae. After their identification and separation, a drop 

of ethanol was added in each tube. The waiting time 

before the next stage of the process was 24 hours.

DNA isolation

ISOLATE II Genomic DNA kit (BIOLINE, Germa-

ny) and the following protocol were used:

Samples preparation: 10 fleas from each species 

plus the Ctenocephalides felis larvae (up to 25 mg tis-

sue) were transferred in the microcentrifuge tubes of 

1.5 ml noted with F, C, P and L. In order to disintegrate 

faster, they were sectioned with sterilized scissors.

Samples pre-lysis: 180 μl Lysis Buffer GL and 25 μl 

Proteinase K were added. The tubes were hermetically 

closed and vortexed. The samples were then incuba-

ted at 56°C for 1-3 hours. During the first hour, the 

samples were vortexed once in 15 minutes. 

Samples lysis: after the incubation time passed, 

the samples were vortexed again, adding 200 μl of Ly-

sis Buffer G3 after which they were vortexed and in-

cubated at 70°C for 10 minutes.

Adjusting conditions for DNA binding: the samples 

were homogenized following incubation and 210 μl of 

ethanol (96-100%) were added. The samples were 

homogenized again. 

DNA binding: in 2 ml collection tubes the ISOLATE 

II Genomic DNA Spin Column was introduced and the 

prepared solution was poured over. The sample was 

then centrifuged for 1 minute at 11.000 rpm.

Washing the silica membrane: 500 μl Wash Buffer 

GW1 was added and centrifuged for 1 minute at 11.000 

rpm. The supernatant was discarded and the collection 

tube was reused. Next, 600 μl Wash Buffer GW2 was 

added and the sample was centrifuged again for one 

minute at 11.000 rpm. The supernatant was discarded 

again and the collection tube was reused.

Drying the silica membrane: the sample was centri-

fuged for 1 min. at 11.000 rpm in order to eliminate the 

residual ethanol. Then, ISOLATE II Genomic DNA Spin 

Column was added in a 1.5 ml microcentrifuge tube.

DNA elution: 100 μl preheated Elution Buffer G 

(70°C) solution was added over the centre of the silica 

membrane and then the sample was incubated at 

room temperature for 1 minute, followed by 1 minute 

centrifuging at 11.000 rpm.

Polymerase chain reaction

After the DNA was extracted, the mixture was pre-

pared and then subjected to the polymerase chain re-

action. Master Mix MyTaq Red Mix (BIOLINE, Germany) 

was used to accomplish the reaction. The final volume 

of the PCR reaction was 25 µl, of which 12.5 µl MyTaq 

Red Mix (BIOLINE, Germany), 1 µl first primer, 1 µl se-

cond primer (diluted to a concentration of 10 pmol/µl, 

according to the producer's protocol), DNA extracted 

from the analysed sample and ultrapure water. 

The negative and positive control were included in 

the reactions for each analysis. The amplification pro-

gramme has been made by using the termocycler My 

Cycler (BioRad). This programme included the follo-

wing steps: DNA denaturation at 95°C, for one mi-

nute, followed by 32 thermal cycles of denaturation at 

95°C for 30 seconds, hybridization at 60°C for 30 se-

conds and extension at 72°C for 30 seconds. The final 

step cools the reaction chamber to 4°C.

The analysis and control of the amplicons has been 

conducted using horizontal electrophoresis in a sub-

merged system of 1.5% agarose gel electrophoresis. 

The MidoriGreen (Nippon Genetics® Europe) fluores-

cent dye was added, at 120 V and 90 mA voltage for 60 

minutes. The 100 bp DNA Ladder marker was used, 

transferring 5 µl with a dropper in the first gel well. 

PCR was performed by using previously published 

primers: HBTr/ HBTf (6) and Myc Hemo r/Myc Hemo f 

(7) for Mycoplasma haemofelis, respectively CEST3/ 

CEST5 (12) for cestodes (Table 1).
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RESULTS AND DISCUSSIONS

Identification of Siphonaptera species

Based on their morphologic characteristics the fol-

lowing Siphonaptera species were identified: Ctenoce-

phalides felis, Ctenocephalides canis and Pulex irri-

tans. From a total of 347 analysed fleas, the highest 

rate belonged to the species Ctenocephalides felis, 

followed by Ctenocephalides canis and finally Pullex 

irritans.   

Fig. 1. Percentage of flea species identified 

Fig. 2. Flea male and female ratio 

in Hunedoara County

                             
The number of males - 105 (30.26%) was lower 

than the number of females - 242 (69.74%) (Fig. 2). 

This fact is also noticeable in the M/F ratios obtained.

From Table 2 and Figure 1 it can be ascertained 

that the species Ctenocephalides felis is majoritarian 

in the flea population (72.33%). The other two species 

together account for little over a quarter of this popu-

lation (27.67%). The least representative was Pulex 

irri-tans (2.88%). The greatest difference was noticed 

in C. felis and the slightest in C. canis.

In a study conducted in 2012 by Assarasakorn et 

al. (1) on fleas from cats in Bangkok, Thailand, 226 

fleas were assessed. 99% of the assessed fleas proved 

to be C. felis, one was C. canis and one P. irritans and 

these were co-infestant on two different cats mainly 

infested with C. felis. In Australia, in 2011, Slapeta et 

al. (11) studied 2530 fleas collected from dogs and 

cats from five states of this country. Only two species 

were identified: C. felis - 2500 individuals and Echid-

nophaga gallinacean - 30 individuals. Regarding the 

sex ratio, it was always favourable for females and it 

varied according to the state from 1.7 to 7.6.

In Great Britain, the study conducted by Bond et al. 

in 2007 (3), also showed that C. felis is the most com-

mon parasite in cats. Out of 467 individuals, only five 

belonged to other species: one was C. canis, one was 

Archeopsylla erinacei, one was Spilopsyllus cuniculi 

and two were P. irritans. From the 336 fleas collected 

from dogs, only five were C. canis, 12 were A. erinacei, 

five were P. irritans and one was Nosopsyllus fasciatus.

Demonstrating the presence of Mycoplasma 

haemofelis and Dipylidium caninum in identified 

Siphonaptera species

In order to confirm or disconfirm the presence of 

Mycoplasma haemofelis and Dipylidium caninum, the 

amplicons resulted after flea-extracted DNA ampli-

fication, using various specific primers, were tran-

sferred in 1.5% agarose gels and subjected to electro-

phoresis (Fig. 3). The first part shows the samples am-

plified for Mycoplasma spp. following the Criado For-

nelio et al. 2003 (6) protocol, declared positive. The 

second part after the marker, expresses the samples 

amplified following the Kewish et al. 2004 (7) protocol, 

also described as positive.  
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A 2012 study conducted by Assarasakorn et al. (1) 

on fleas from cats in Bangkok, Thailand shows that the 

Haemoplasma DNA was amplified in 22.9% of cats 

both for M. haemofelis and for "Candidatus M. Haemo-

minutum”, and the DNA belonging to Haemoplasma 

spp. was amplified from 34.0% in the tested flea lot. 

All the PCR tests were negative when DNA from C. ca-

nis and P. irritans was used. However, cats co-infested 

with C. canis and P. irritans were positive for B. cla-

rridgeiae, respectively, for Mycoplasma haemofelis. 

In the last part, the samples are negative for CES 

T3/CEST5, according to Trachsel et al., 2007 (12). The 

confirmation of the negative samples was demonstra-

ted by the linking of the primers, which took place un-

der 100 bp (primer-dimer).

All three species of fleas (C. felis, C. canis and P. 

irritans) implicated in this study have been declared 

negative following amplification with specific cestode 

primers (CEST3/CEST5) and following the same pro-

tocol. This is different from the results obtained by 

Beugnet et al. (2), who, in 2014, in a vast study con-

ducted throughout Europe, found 44 (2.23%) fleas 

positive for Dipylidium (PCR test) in a batch of 1969 

fleas (C. felis being the single identified species). 

Regarding the number of infected fleas from the 

positive samples (at least one flea declared positive 

through PCR, coming from a cat sample), the infesta-

tion rate was 20.27%. Referring to C. canis, from a 

batch of 36 dogs infested with this species, 3.1% were 

declared positive for Dipylidium infection, while P. 

irritans (23/587-3.91%) fleas were positive in the case 

of 2 dogs from Romania and 7 dogs from Bulgaria.

CONCLUSIONS

After examining the adult flea samples, collected 

from both canines and felines, it could be ascertained 

that the most frequently seen species was Ctenocepha-

lides felis, demonstrating a lower host-specificity in this 

species. None of the three species subjected to PCR 

tests (C. felis, C. canis and P. irritans) and amplified u-

sing specific cestode primers (CEST3/CEST5) proved 

positive.The species Ctenocephalides felis and Ctenoce-

phalides canis were found positive for Haemobartonella 

following amplification with HBTr/ HBTf and Myc Hemo r 

/ Myc Hemo f primers. The polymerase chain reaction, 

although useful as a diagnosis tool in feline infectious 

anaemia, it is rarely used due to high cost implications.
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