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Abstract 
Background: The painful bite of Pulex irritans; causes wound on the host body and is a vector for Bartonella bacteria 

species, which can cause trench fever, Rickettsia species, Rocky Mountain spotted fever and Mediterranean spotted fe-

ver. We conducted a study to find out the hosts, abundance, as well as the molecular characteristics of this flea species 

in Meshkin-Shahr County, Ardabil Province, northwest of Iran.  

Methods: After collecting fleas from different reservoir hosts and transferring them to the laboratory, identification was 

done using different morphological characters as well as the internal transcribed spacer1 (ITS1) molecular marker.  

Results: This morphological study indicated that from the 1053 fleas, which were collected from 162 different animals, 

including cats and dogs, 74 specimens belonged to human flea, Pulex irritans. In addition, in molecular analysis showed 

a high sequence similarity (99.5%) with the P. irritans counterparts from Spain country and Zanjan of Iran available in 

GenBank.  

Conclusion: Pulex irritans species is an obligatory hematophagous ectoparasite of human and animals. Therefore, con-

sidering the relatively high frequency of this species on the body of cats and dogs, it is suggested to conduct more stud-

ies on its distribution and the possibility of being a vector of pathogens among these animals and human. The results of 

these studies will be used to compile and review the control programs of this vector. 
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Introduction 
 

Fleas, the common name for the order Si-

phonaptera, have unique properties like the lack 

of wings, sucking mouthparts, with a specific 

digestive system. Their digestive system is dif-

ferent from other blood-feeding insects struc-

turally and functionally. The flea body pressed 

laterally. It is different from other insects that 

have stretched bodies from each side. In addi-

tion, a flea has a great leaping ability, which 

is the result of strong feet and the evolution of 

the curves of sides. It feeds from a wide range 

of hosts including birds and mammals. These 

features make this order of insect different from 

others (1). The results from the molecular stud- 

 

 

ies on DNA and morphological studies and 

ovary features showed that the closest relative 

of fleas is Boreidae from Mecoptera species 

(2). Today in the world, over 2500 species of 

fleas have been identified whose hosts are most-

ly birds and mammals (3). The desire for blood 

feeding from warm-blooded animals has led 

to some of these species being vectors of some 

infectious diseases, and besides being the main 

host for some tapeworms like Dipylidium cani-

num (4). The family Pulicidae of fleas has a 

great desire to feed blood from humans or oth-

er mammals. The existence of similar morpho-

logical characters among different species of 
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Pulex, as caused most of the species of this 

type, to be hard to differentiate (5). One of the 

most famous species of this genus is Pulex ir-

ritans. Despite its name, this species does not 

have a definite host and can suck blood from a 

wide range of mammals, and this factor makes 

it a carrier of various diseases such as Dipylid-

ium caninum and trench fever. Rickettsia spe-

cies, which can cause Rocky Mountain spot-

ted fever and Mediterranean Spotted Fever (6). 

The existence of a wide range of hosts and com-

patibility with different climatic areas results in 

finding this flea in many different areas of the 

world (7). Most of the studies done on this spe-

cies in some areas of Iran have related to mor-

phological characters and there is little data 

about its molecular characters. In this study, 

the internal transcribed spacer1 of ribosomal 

DNA (ITS1-rDNA) gene, was determined to 

provide a molecular marker for identification 

of the local Iranian P. irritans population. 

 
Materials and Methods  
 

Study area 

Ardabil Province is one of the thirty-one 

provinces of Iran. Meshkin-Shahr County is 

one of the counties located in the Province in 

the northwest part of Iran (Fig. 1). Meshkin-

Shahr County with geographical coordinates 

38° 44' N and 47° 40' E is at an altitude of 

1400 meters above sea level. 

 

Morphological studies   

The present study was conducted during 

March and July 2018 in Meshkinshahr Coun-

ty, Ardabil Province. The sampling was done 

from random captured cats (Felis catus) and 

dogs (Canis lupus) specimens, with two stand-

ard methods of combing and separating with 

forceps (9). After collecting and recording the 

reservoir's host data; their ectoparasites were 

transferred to the glass tubes with lids contain-

ing 70% ethanol for further identification (Fig. 

2). First, the flea specimens from each host were 

cleared with 10% KOH individually and the 

permanent slides in Canada balsam were pre-

pared. For the morphological identification of 

flea specimens, we used the standard key of 

Harimalala et al. (10). After morphological iden-

tification and final confirmation, specimens were 

taken out of slides, washed, and transferred to 

tubes containing 90% ethanol. 
 

Molecular Studies 

The identified flea specimens were used 

for DNA extraction and molecular study. After 

morphological studies, a sample of each flea 

was placed under a binocular on a slide and 

its abdominal contents were completely emp-

tied and its information was recorded and trans-

ferred to a new microtube. The flea was then 

crushed into a microtube with a pistol. The mi-

crotube was transferred to a nitrogen tank for 

5 minutes and then the DNA of fleas was ex-

tracted using DNeasy kit (Qiagen, Hilden, Ger-

many) and stored at -20 ºC for later use. The 

ITS1 primers used of P. irritans were NC5 

(5′-GTA GGT GAA CCT GCG GAA GGA 

TCA TT-3′) and ITS1rev (5′-GCT GCG TTC 

TTC ATC GAC CC-3′) as forward and reverse 

respectively (11). In each 15µl reaction of PCR, 

the 0.50–1µl of each extracted DNA, 2µl pri-

mer (10pmol of each), 7.5µl 2x master mix 

(Taq DNA Polymerase Master Mix RED, 2mM 

MgCl2, Amplicon) were used. The PCR reac-

tion was conducted with a thermal cycler de-

vice along 33 cycles (94 degrees for 30 sec-

onds, 58 degrees for 30 seconds, and 72 de-

grees for 1 minute) and for the final extension, 

10 minutes with 72 degrees was used. The PCR 

products were visualized in a 1.5% agarose gel 

containing a DNA-safe stain (cat no., EP5082, 

Sinaclon). PCR product of each sample se-

quenced by the ABI3730XL sequence analyz-

er (Macrogen, S. Korea). The sequences were 

edited and aligned using Clustal Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/) 

and compared with reference sequences from 

GenBank. For ITS1 sequences, the phyloge-

netic tree was built with the maximum likeli-

hood (ML) algorithm using molecular evolu-

tionary genetics analysis (MEGA) software, in-
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cluding sequences representative of three fam-

ilies (Pulicidae, Leptopsyllidae, Ceratophylidae) 

of order Siphonaptera. 

 
Results 
 

The results of the morphological study in-

dicated that among the 1053 flea specimens, 

which were isolated from two animal hosts, 47 

dogs and 115 cats, 74 (7.03%) specimens be-

longed to P. irritans. It was specified that from 

74 specimens of P. irritans fleas, 35 (47.29%) 

were males and 39 (52.70%) were females (Ta-

ble 1). Out of the 74 P. irritans fleas, 49 (66.21 

%) were collected from dogs; 32 (43.24%) were 

collected from female dogs, and 17 from male 

dogs, and the other 25 samples were taken from 

male cats. In this study, P. irritans flea were 

not found on female cats (Table 2). The mor-

phological characteristic of P. irritans is shown 

in Figure 3.  

The specific primers used in this study am-

plified about 900bp of ITS1 region of rDNA 

gene. (Fig. 4). The analysis of the ITS1 sequence 

of the identified isolates approved the mor-

phological identification. The sequence of the 

isolated from the present study is accessible 

under GenBank Accession No. MG745174. Af-

ter trimming the sequence data, 802bp of se-

quences were blasted. The sequence obtained 

in this study displayed 99.5% sequence ho-

mology with two P. irritans specimens from 

Spain (GenBank ID: LT797452) and Zanjan 

(GenBank ID: KX822017) in west of Iran (Fig. 

5). In addition to these two sequences, there 

were some other P. irritans ITS1 sequences in 

GenBank originated from Spain, different lo-

cations of west of Iran (including Mahneshan 

Zanjan, Khoramabad, Kamyaran, Hamedan, Ba-

har, GilanGharb, Kerrmanshah, Mahabad, Sana-

ndaj, and Urmia), China, and India which dis-

played 95.69-99.38% sequence homology with 

the sequence obtained in this study. To assess 

phylogenetic relationship among P. irritans iso-

lates, multiple alignments were generated for 

a subset of P. irritans specimens plus the se-

quence obtained in this study, and the alignment 

was used to construct a phylogenetic tree by 

Neighbor Joining (NJ) method. Phylogenetic 

relationships of the P. irritants using the ITS1 

region of the rRNA gene produced the highest 

log likelihood as shown in Figure 6. The se-

quence obtained in this study was strongly as-

sociated with the specimen from Spain (Gen-

Bank ID: LT797452). Most of the nodes in the 

tree had 98-99% bootstrap values indicating very 

strong support for the nodes created in the tree. 

 

 

 

 

 

 

 
Table 1. Geographical features of the study area, prevalence and distribution of fleas and their animal hosts in Mesh-

kinshahr County, Ardabil Province, Iran, 2016-2018. 
 

collected fleas cats dogs Location Sampling Area 

% N % N % N East North 

14.43 152 16.52 19 10.64 5 473852 382452 Parikhan 

9.59 101 21.79 25 14.89 7 474054 382246 Meshkinshahr 

2.66 28 15.65 18 6.37 3 473110 383105 Sarikhanloo 

33.33 351 13.04 15 12.76 6 473804 382115 Urkandi 

17.76 187 6.96 8 6.37 3 473336 382441 Ahmad Bigloo 

0.57 6 5.22 6 12.76 6 474023 382102 Aghbalagh 

19.37 204 16.52 19 17.02 8 473053 382918 Koojangh 

2.28 24 4.35 5 19.14 9 473534 382200 Ahmad Abad 

99.99 1053 100 115 99.95 47 …… …….. Total 
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Table 2. Prevalence of host’s flea infestation in Meshkinshahr County, Ardabil Province, Iran, 2016-2018. M: male 

flea, F: female flea 
 

Pulex No. (%) Fleas on Cats Fleas on Dogs Total 

Fleas 

Sampling Area 

% F % M % Total %/74 Pulex % No %/74 Pulex % No 

12.1 9 8.1 6 18.9 14 4.0 3 15.9 18 14.8 11 14.2 134 152 Parikhan 

2.7 2 0.0 0 2.7 2 1.3 1 19.4 22 1.3 1 8.5 79 101 Meshkinshahr 

6.7 5 0.0 0 6.7 5 0.0 0 0.0 0 6.7 5 2.9 28 28 Sarikhanloo 

33.7 25 16.2 12 50.0 37 8.1 6 33.6 38 41.8 31 33.3 313 351 Urkandi 

2.7 2 0.0 0 2.7 2 0.0 0 4.4 5 2.7 2 19.3 182 187 Ahmad Bigloo 

0.0 0 0. 0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.6 6 6 Aghbalagh 

5.4 4 9.4 7 14.8 11 2.7 2 15.0 17 12.1 9 19.8 187 204 Koojangh 

1.3 1 1.3 1 2.7 2 2.70 2 11.5 13 0.0 0 1.1 11 24 Ahmad Abad 

64.8 48 35.1 26 100 74 18.9 14 100 113 81.0 60 100 94 1053 Total 

 

 
 

Fig. 1. Map of area study Meshkinshahr County, Ardabil Province, Iran. 

 

 
 

Fig. 2. Isolation and collection of fleas from a dog in Meshkinshahr, northwest of Iran using the standard method of 

combing and transferring them to tubes containing 70% ethanol (original) 
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Fig. 3. Morphological characters of Pulex irritans. A: Eye hair is under the eye; B: The borderline of moral rood which 

does not exist; C: The first part of Spermatheca which is not distinguishing; D and E: end part of the female and male 

genus (original) 

 

 
 

Fig. 4. The ITS1-rDNA PCR products (about 900bp) on agar gel 1.5%. Ladder: 100bp DNA Ladder (SinClon, Iran), 1: 

Negative control (ddH2O); 2: Pulex irritans isolated from stray cats, 3 and 4:  Pulex irritans isolated from stray dogs 
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Fig. 5. The multiple alignments of 802bp of ITS1-rDNA sequence of Pulex irritans from this study (MeshkinShahr, 

GenBank ID: MG745174) and two reference sequences from Znajan, Iran (GenBank ID: KX822017) and Spain (Gen-

Bank ID: LT797452). There was 99.5% similarity between MeshkinShahr specimen with the Zanjan and Spain speci-

mens. * indicates similar nucleotide, and gaps indicates substitution in the position 
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Fig. 6. Phylogenetic relationships inferred from neighbor joining analyses constructed by Mega10 based on 802bp se-

quences of ITS1-rDNA gene of Pulex irritans obtained in this study and a subset of Pulex irritans sequences available 

in GenBank. The GenBank ID of the sequences are shown in front of branches. Xenopsylla cheopis with accession 

number DQ 295061.1 was used as out-group. Scale bar indicates genetic distance. Our sample is marked with an arrow 

 
Discussion 
 

All human fleas collected specimens are 

characterized by laterally compressed bodies 

and large hind legs. Pulex irritans lack the 

combs that lend the appearance of genal and 

pronotal combs. It has a rounded forehead, 

which allows differentiation from the anteri-

orly flattened head of the stick-tight flea. Be-

hind the antennae, the head has only a single 

pair of hairs. It has no pleural rod, a feature 

that differentiates it from Xenopsylla cheopis 

(12). In terms of medical importance, P. irri-

tans can play the role of the intermediate host 

of the dog tapeworm (for example D. cani-

num). In addition, P. irritans may be a vector 

for erysipeloid (13). Moreover, the P. irritans 

is implicated in the spread of diseases histori-

cally associated with X. cheopis (14). The hu-

man female flea can lay more than 400 eggs 

in her lifetime. The ability of pupae and “co-

coons” adults to lie dormant for a year or more 

can confound efforts at flea control. It does 

not kill adult fleas, but it does prevent repro-

duction. Adverse reactions flea bites appear as  

 

 
tense, pruritic, urticarial papules on exposed ar-

eas including the hands, forearms, and lower 

legs. Excoriation with secondary impetiginiza-

tion is common. Vesicular and bullous flea bite 

reactions occur and can be quite dramatic. His-

tologic examination reveals a wedge-shaped der-

mal infiltrate that surrounds both venules and 

arterioles. Eosinophils are common. Epidermal 

necrosis, spongiosis, and intraepidermal or sub-

epidermal bullae may be seen. The human flea 

is distributed throughout the world and has been 

recorded in a wide range of mammal hosts in-

cluding humans, domestic dogs, cats, pigs, badg-

ers (Meles meles) and foxes (Vulpes vulpes) (15). 

This species is also medically important as a 

possible vector of flea-borne diseases such as 

tularemia, murine typhus, and tapeworm (16).  

In different parts of the world, for isolat-

ing and identifying P. irritans, different char-

acters have been used. Out of the genus Pulex, 

the species P. irritans is the most abundant in 

the world and in Iran (17). The results of the 

morphological studies indicated that out of the 

http://jad.tums.ac.ir/
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1053 fleas, 74 specimens belonged to P. irri-

tans. In a similar study for investigating ecto-

parasite of dogs and cats in Kurdistan Prov-

ince west of Iran and bordered with the north-

east of Iraq country, this species was isolated 

with Ctenocephalides felis and C. canis but with 

a lower percentage of frequency (18). Moreo-

ver, in a review by Maleki-Ravassan et al. (19) 

on ectoparasite of dogs in different parts of Iran, 

P. irritans species and two species of C. felis 

and C. canis were isolated from hosts. In ad-

dition, another study, which was conducted on 

dogs in Shiraz, had similar results (20). In a 

study in 2015 for identifying ectoparasite on 

sheep in Kurdistan Province bordered with the 

east of Iraq country, 1323 specimens of P. ir-

ritans were isolated from hosts (21). In addi-

tion, Sharifdini et al. 2021 were collected P. ir-

ritans from seven raccoons from Guilan Prov-

ince, northern Iran (22). In comprehensive re-

search by Barutzki and Schaper (23) in 2000 

for identifying ectoparasite of dogs and cats in 

Germany, out of 1508 cats and 2653 dogs, C. 

felis, C. canis, and P. irritans were isolated. Al-

ready, there are about 2500 species and sub-

species of fleas in about 220 genera, but only 

relatively, few are important human pests. In 

this study, the result of the morphological anal-

ysis showed that the identified flea was P. ir-

ritants. The ITS1 gene sequence obtained in this 

study plus the phylogenetic tree, and high se-

quence homology with other available data in 

GenBank, confirm and support the result of our 

morphological study. 

 
Conclusion 
  

Pulex irritans is one of the most important 

ectoparasites of humans, which transmits var-

ious pathogens (including bartonellosis and rick-

ettsioses) and causes skin sensitivity and irrita-

tion by biting humans and animals. This flea is 

transmitted from the cats and dogs body to hu-

mans and can bite humans. To achieve control 

of parasitic skin diseases of P. irritans in de-

veloping countries, local epidemiology has to 

be better understood. Studies in Iran on epide-

miology and the medical significance of P. ir-

ritans in different areas of animals are limited. 

Molecular approaches, although in their infan-

cy, are now providing a better understanding 

of the biology of ectoparasites and will become 

cornerstones for prevention and control in the 

future. Therefore, this study was conducted in 

order to accurately identify this vector based 

on morphological and molecular characteris-

tics. Morphological studies show that there is 

no moral root border in this flea and the first 

part of the spermatheca is not differentiated. 

In this study, P. irritans was not caught in the 

body of female cats, which is not important 

from the point of view of disease epidemiology 

because both male and female fleas are able to 

feed on blood and transmit the disease to cats, 

dogs, and humans. The specific primers used in 

this study amplified the ITS1 regions of about 

900bp. It is suggested that to find out the dis-

tribution of P. irritans in male and female cats, 

as well as the possibility of P. irritans being a 

vector among cats, dogs and human, more stud-

ies should be conducted at the country level. 
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