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Abstract

Background

Flea-borne diseases have a wide distribution in the world. Studies on the identity, abun-

dance, distribution and seasonality of the potential vectors of pathogenic agents (e.g. Yersi-

nia pestis, Francisella tularensis, and Rickettsia felis) are necessary tools for controlling

and preventing such diseases outbreaks. The improvements of diagnostic tools are partly

responsible for an easier detection of otherwise unnoticed agents in the ectoparasitic fauna

and as such a good taxonomical knowledge of the potential vectors is crucial. The aims of

this study were to make an exhaustive inventory of the literature on the fleas (Siphonaptera)

and range of associated hosts in Iran, present their known distribution, and discuss their

medical importance.

Methodology/Principal Findings

The data were obtained by an extensive literature review related to medically significant

fleas in Iran published before 31st August 2016. The flea-host specificity was then deter-

mined using a family and subfamily-oriented criteria to further realize and quantify the

shared and exclusive vertebrate hosts of fleas among Iran fleas. The locations sampled and

reported in the literature were primarily from human habitation, livestock farms, poultry, and

rodents’ burrows of the 31 provinces of the country. The flea fauna were dominated by

seven families, namely the Ceratophyllidae, Leptopsyllidae, Pulicidae, Ctenophthalmidae,

Coptopsyllidae, Ischnopsyllidae and Vermipsyllidae. The hosts associated with Iran fleas

ranged from the small and large mammals to the birds. Pulicidae were associated with 73%

(56/77) of identified host species. Flea-host association analysis indicates that rodents are

the common hosts of 5 flea families but some sampling bias results in the reduced number

of bird host sampled. Analyses of flea-host relationships at the subfamily level showed that

most vertebrates hosted fleas belgonging to 3 subfamilies namely Xenopsyllinae (n = 43),

Ctenophthalminae (n = 20) and Amphipsyllinae (n = 17). Meriones persicus was infested by
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11 flea subfamilies in the arid, rocky, mountainous regions and Xenopsyllinae were hosted

by at least 43 mammal species. These findings place the Persian jird (M. persicus) and the

Xenopsyllinae as the major vertebrate and vector hosts of flea-borne diseases in Iran includ-

ing Yersinia pestis, the etiological agent of plague. We found records of at least seven vec-

tor-borne pathogenic agents that can potentially be transmitted by the 117 flea species (or

subspecies) of Iran.

Conclusions/Significance

Herein, we performed a thorough inventary of the flea species and their associated hosts,

their medical importance and geographic distribution throughout Iran. This exercise allowed

assessing the diversity of flea species with the potential flea-borne agents transmission risk

in the country by arranging published data on flea-host associations. This information is a

first step for issuing public health policies and rodent-flea control campaigns in Iran as well

as those interested in the ecology/epidemiology of flea-borne disease.

Author Summary

The data about flea-borne emerging or re-emerging infections throughout Iran are lim-

ited. This paper showed that the flea fauna of Iran were dominated by seven families.

Moreover flea-host association analysis indicates that rodents are common hosts of flea

families and most vertebrates hosted fleas belonging to the subfamilies Xenopsyllinae,

Ctenophthalminae and Amphipsyllinae. We showed that the Persian jird (Merions persi-
cus Blanford, 1875) and the Xenopsyllinae are respectively the major vertebrate and

potential vectors of flea-borne diseases in Iran. Further efforts are needed to inventorize

and screen molecularly wild and domestic mammals flea fauna (>3kg) in order to moni-

tor the risk of and control flea-borne infections in Iran, especially in the ecoregions with

high diversity of flea and host species and in the old endemic plague foci of the country.

Introduction

Vector-borne diseases (VBDs) are globally responsible for more than 17% of all infectious dis-

eases [1]. There are a large number of viral, rickettsial, bacterial and parasitic diseases that are

transmitted by insect vectors [2]. In the last two decades, many zoonotic VBDs have emerged

in areas where they previously did not occur, and the incidence of these diseases both in

endemic areas and outside their known range has increased [3]. In recent years, most studies

on zoonotic diseases have focused on tick- and mosquito-borne diseases, less attention has

been given to flea-borne diseases[4].

Fleas (Siphonaptera) are small, bloodsucking or hematophagous ectoparasites that may

transmit pathogens through several possible mechanisms, including: contaminated feces (e.g.

R. typhi, B. henselae), soiled mouthparts (e.g. Y. pestis, viral pathogens), regurgitation of gut

contents (e.g. Y. pestis), and infectious saliva (e.g. R. felis in salivary glands)[4].

Over 2500 flea species belonging to 16 families and 238 genera have been described world-

wide [5]. Fleas are mainly ectoparasites of mammals while birds are infested by only 6% of the

known species. This is partly due to reduced collection efforts and sampling bias as only few

bird fleas are in close contact with humans [6]. Fleas are one of the most common insect
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groups that can serve as vector and intermediate host of pathogenic zoonotic agents between

vertebrate hosts, including humans [4, 7–8]. Fleas can have a direct pathogenic effect by caus-

ing allergic dermatitis [9–10] or paralysis subsequent to the injection of saliva into their hosts

skin or blood [11]. Notorious human pathogens such as Yersinia pestis (plague), Rickettsia
typhi (murine typhus), Francisella tularensis (tularemia) and Bartonella henselae (cat scratch

disease) are transmitted by fleas [12–15].

Some fleas tend to be host specific (restricted or specialist), but others have a wide host

range (permissive, opportunistic). The permissive species group are more significant than the

restricted ones, because they can spread infectious agents among and within their multiple

hosts and across a diverse series of habitats [6]. In order to prevent or control the occurrence

and spread of flea-borne diseases, it is thus necessary to establish a taxonomical inventory of

the flea fauna and their specific distribution range.

Climate changes, due to global warming and human intervention, have led to changes in

the biological parameters and distribution ranges of vectors and hence of VBDs [16]. On the

bases of vulnerability assessments and models, it is predicted that climate change will result in

raised incidence of communicable diseases embracing VBDs; however the short and long term

effects will be mitigated and will be linked to vector life cycles (e.g.: developments of preimagi-

nal stages) and geographic area [17]. Reasonable proofs tend to suggest that changes in climatic

factors may affect VBDs incidence especially acting on the off-host developmental life stages of

arthropods and hence disease transmission dynamics. Insects as poikilotherm organisms have

no internal control of their body temperatures, and as such depend on their host(s)—the

imago as a transient habitat -, and abiotic conditions for survival, which both condition their

vector capacity, as well as their reproduction rate[18]. Moreover, vector capacity is linked to

the nature of the pathogen transmitted, survival rate inside its vector host—which may or may

not affect vector fitness—and incubation or turnover rate that is inversely proportional to tem-

perature[19]. Moreover, climate and human behavior changes increase human exposures to

vectors and the pathogenic agents they transmit [20]. Studies of plague transmission in the U.

S.A, China and Kazakhstan have found that the patterns of human or rodent plague are shift-

ing as temperatures warms up or link to climatic oscillations (such as El Niño) and precipita-

tion pattern [20].

Iranian physicians were familiar with the human plague for a long time. Although there are

little information about the situation of plague from earlier centuries, more documented evi-

dence are available from the 19th and 20th centuries. As a matter of fact, faunistic studies of

Iranian fleas have been carried out mainly about 60 years ago in a context of plague research

and most species described at the time were collected and described off plague hosts [21].

When plague research stopped, flea inventories did so too and there are no current updates on

the flea fauna of Iran. However, a recent study detected antibodies against Y. pestis in dogs—

known to be a good sentinels for plague surveillance- while human plague hasn’t been reported

for 50 years [22]. This finding triggered some concern about the possible plague reemergence

in the countryside, in the old plague foci and called for an update on the state-of-knowledge of

the flea diversity in the country. The aims of the present study were to update by reviewing the

current state of knowledge of the Iranian Siphonaptera diversity, their host range and espe-

cially the medically important species.

Methods

This review was based on a search of the online scientific databases (Scientific Information

Database) PubMed and Google Scholar from 1952 through 31st August 2016. Keywords—sub-

mitted in English, French, Turkish and Russian—for the search were “flea AND fauna AND
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Iran”; “Iran AND puce”, “Iran AND siphonaptera”; “Iran AND ectoparasite”. Searches were

conducted in the titles, abstracts, keywords and full text. The majority of our knowledge on the

Siphonaptera of Iran is derived from plague studies[23], the concept of “telluric plague” is coe-

val with these researches[24] and studies of two flea specialists, the Iranian Farhang-Azad and

the French J.M. Klein.

In each case the flea species, its host, and location of sampling were extracted from the pub-

lished papers. The flea distribution maps were prepared using ArcGIS (ArcGIS version 9.3,

ESRI). An online software were used to further classify and quantify the shared and exclusive

vertebrate hosts of fleas with the “family or subfamily” filtering criteria[25].

Results

Literature review

The data for this study were extracted from about 100 relevant papers in English, French,

Istanbul Turkish or Russian. Faunistic reviews of the medically significant fleas showed the

presence of fleas through 31 Iranian provinces (Fig 1). In the old classification of Iran prov-

inces used by Farhang-Azad (1972b), the Khorasan province, which was the largest province

of Iran in the plague research era, is currently divided in three provinces namely Razavi Khora-

san, North Khorasan, and South Khorasan. This means that the spatial scale of the flea range

resolution is less accurate in the old literature as it covers a larger area where the flea and their

host are not homogenously found. Based on the information in the studied papers, the sam-

pling locations mainly were human houses, animal husbandry premises, poultry farms, and

rodents’ burrows.

Flea diversity

According to the literature, about 117 species or subspecies of fleas belonging to 7 families and

35 genera have been described in Iran. Most flea species reported in the studied literature

belonged to the Ceratophyllidae (n = 33), Leptopsyllidae (n = 24), Pulicidae (n = 21), Cte-

nophthalmidae (n = 20) and Coptopsyllidae (n = 9) families. The flea species of the Ischnopsyl-

lidae (bat-fleas) and Vermipsyllidae (carnivore-fleas) families consisted of only 6 and 4 species

of the whole collection respectively (Tables 1 and 2).

The Ceratophyllidae, the more represented flea family, consisted of 33 species belonging to

6 genera, comprising Callopsylla, Ceratophyllus, Citellophilus, Myoxopsylla, Nosopsyllus and

Paraceras.
The Leptopsyllidae, bird and rodent fleas, consisted of 24 species consisting of 10 genera

including Amphipsylla, Caenopsylla, Ctenophyllus, Frontopsylla, Leptopsylla,Mesopsylla,

Ophthalmopsylla, Paradoxopsyllus, Peromyscopsylla and Phaenopsylla.

The Ctenophthalmidae consisted of 20 species belonging to 7 genera comprising Cte-
nophthalmus, Doratopsylla, Neopsylla, Palaeopsylla, Rhadinopsylla, Stenoponia andWagnerina.

The Pulicidae, a cosmopolitan family of the most notorious plague vectors (genus Xenop-
sylla), included 21 species distributed in 7 genera comprising Archaeopsylla, Ctenocephalides,
Echidnophaga, Pulex, Synosternus, Parapulex, and Xenopsylla.

The Coptopsyllidae was limited to 9 species in the genus Coptopsylla.

In the above-mentioned five families, the most commonly reported fleas belong to the

genera Nosopsyllus (Ceratophyllinae), Xenopsylla (Xenopsyllinae), Ctenophthalmus (Cte-

nophthalminae) Coptopsylla (Coptopsyllidae) Amphipsylla (Amphipsyllinae), Leptopsylla
(Leptopsyllinae), andMesopsylla (Mesopsyllinae). Detailed information is presented in

Table 1.
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Fig 1. Distribution maps of studied fleas (sub-) family in Iran.

doi:10.1371/journal.pntd.0005260.g001
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Host diversity and associated flea fauna

The hosts associated with Iran fleas ranged from the small mammals (Rodentia, Chiroptera,

Lagomorpha, Insectivora) to the large mammals (Ungulata, Carnivora, Primates, Artiodactyla)

and birds as well. On the whole, 166 vertebrate host species were reported infested by fleas in

Iran in the literature including Pulicidae (n = 56), Ceratophyllidae (n = 38), Ctenophthalmidae

(n = 29), Leptopsyllidae (n = 22), Coptopsyllidae (n = 11), Ischnopsyllidae (n = 7) and Vermip-

syllidae (n = 3). By filtering the compiled data, we recognized 77 vertebrate host species among

all seven flea families.

Eight potential mammals were hosted by�7 flea (sub-) family respectively; these were:

Calomyscus bailwardi (7),Meles meles (7),Mus musculus (7),Meriones vinogradovi (8), Vulpes
vulpes (8), Cricetulus migratorius (9),Meriones libycus (9) andMeriones persicus (11). Actually

flea (sub-) families can infest�10 vertebrate hosts were Xenopsyllinae (n = 43), Ceratophylli-

nae (n = 37), Archaeopsyllinae (n = 20), Ctenophthalminae (n = 20), Pulicinae (n = 19),

Amphipsyllinae (n = 17), Stenoponiinae (n = 12) and Coptopsyllidae (n = 11). Detailed infor-

mation is presented in Table 3.

At least 23, 6, 5, 5 and 1 host species are exclusively infested by Pulicidae, Ischnopsyllidae,

Ceratophyllidae, Ctenophthalmidae and Leptopsyllidae respectively. However restricted host

species was not found in the Coptopsyllidae and Vermipsyllidae (Table 4).

Table 2. Comparison of taxonomic data on Siphonaptera and their host orders represented in Iran with the counterpart ones in the world [5, 63].

Family Distribution (region) Subfamily Genera Species /

Subspecies

Major host

World Iran World Iran World Iran World Iran

Ceratophyllidae Cosmopolitan but

predominantly

Holarctic

2 1 44 6 403 33 Primarily rodents,

occasionally viverrids,

mustelids, birds, and a

single species on an

insectivore (Siberian mole)

Rodentia (71.05%) Birds

(10.53%), Insectivora (7.89%),

Carnivora (5.26%) and

Lagomorpha (5.26%)

Coptopsyllidae Palearctic 0 0 1 1 19 9 Rodents (gerbils and their

allies)

Rodentia (90.91%) and

Carnivora (9.09%)

Ctenophthalmidae Primarily Holarctic, and

Afrotropical some in

southern hemisphere

9 6 42 7 548 20 Rodents, occasionally

pikas, insectivores (shrews

and moles), marsupials,

and a single species on

mustelids

Rodentia (75.86%), Insectivora

(17.24%) and Carnivora (6.9%)

Ischnopsyllidae Cosmopolitan 2 1 20 3 122 6 Chiroptera Chiroptera (100%)

Leptopsyllidae Palearctic, Nearctic,

Oriental, a few species

in Australian or

Ethiopian regions

*2 *3 29 10 230 24 Rodents, lagomorphs

(hares, rabbits, pikas),

insectivores, and rarely

elephant shrews and foxes

Rodentia (80.95%), Insectivora

(9.52%), Lagomorpha (4.76%)

Carnivora (4.76%)

Pulicidae (includes

erroneously tungid

flea)

Cosmopolitan 6 3 27 7 182 21 Very broad host range,

including carnivores,

ungulates, bats, edentales

(armadillos), and

occasionally birds (Cariama

spp).

Rodentia (52.63%), Ungulates

(5.26%), Carnivora (24.56%),

Artiodactyla (1.75%),

Insectivora (3.51%), Birds

(3.51%), Chiroptera (1.75%),

Primates (1.75%) and

Lagomorpha (5.26%)

Vermipsyllidae Holarctic 0 0 3 1 39 4 Carnivores and ungulates Carnivora (100%)

Total 21 14 166 35 1543 117

* Altough Leptopsyllidae further classified as subfamilies Amphipsyllinae and Leptopsyllinae and the tribes Amphipsyllini and Leptopsyllini [64] but Klein

(1963) was regarded Mesopsyllinae as third subfamily in the Leptopsyllidae of Iran [21].

doi:10.1371/journal.pntd.0005260.t002

The Fleas (Siphonaptera) in Iran: Diversity, Host Range, and Medical Importance

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005260 January 9, 2017 11 / 24



T
a
b

le
3
.

C
o

m
m

o
n

m
a
m

m
a
l
h

o
s
ts

in
Ir

a
n

a
n

d
th

e
ir

fl
e
a

d
iv

e
rs

it
y

a
t
th

e
fa

m
il
y

a
n

d
s
u

b
fa

m
il
y

le
v
e
ls

.

H
o

s
t

T
y
p

ic
a
l
h

a
b

it
a
t

(s
u

b
-)

fa
m

il
y

T
o

ta
l
fl

e
a

(s
u

b
-)

fa
m

il
ie

s
p

e
r

h
o

s
t

C
e

C
o

A
n

C
t

D
o

N
e

R
h

S
t

A
m

L
e

M
e

A
r

P
u

X
e

V
e

A
c
o
m

y
s

d
im

id
ia

tu
s

s
e
m

i-
a
ri
d

o
r

d
ry

h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
1

A
lla

c
ta

g
a

e
la

te
r

d
e
s
e
rt

s
a
n
d

s
e
m

id
e
s
e
rt

s
-

-
-

-
-

-
-

-
1

-
1

-
-

1
-

3

A
lla

c
ta

g
a

w
ill

ia
m

s
i

s
te

p
p
e

re
g
io

n
s

w
it
h

s
p
a
rs

e
v
e
g
e
ta

ti
o
n

1
-

-
1

-
-

-
-

1
-

1
-

-
1

-
5

A
p
o
d
e
m

u
s

m
y
s
ta

c
in

u
s

fo
re

s
t
w

it
h

ro
c
k
y

a
re

a
s

-
-

-
1

1
-

-
-

1
1

-
-

-
-

-
4

A
p
o
d
e
m

u
s

s
y
lv

a
ti
c
u
s

w
id

e
v
a
ri
e
ty

o
f
s
e
m

i-
n
a
tu

ra
l
h
a
b
it
a
ts

-
-

-
1

-
-

-
-

-
1

-
-

-
-

-
2

B
o
s

T
a
u
ru

s
ra

n
g
e
la

n
d
s

-
-

-
-

-
-

-
-

-
-

-
-

1
1

-
2

C
a
lo

m
y
s
c
u
s

b
a
ilw

a
rd

i
b
a
rr

e
n
,
d
ry

a
n
d

ro
c
k
y

m
o
u
n
ta

in
s
id

e
s

1
1

1
-

-
-

-
1

1
1

-
-

-
1

-
7

C
a
n
is

a
u
re

u
s

d
ry

h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
1

1
-

-
2

C
a
n
is

lu
p
u
s

s
p
p
.

a
ri
d

d
e
s
e
rt

re
g
io

n
s

to
d
e
n
s
e

s
c
ru

b
fo

re
s
ts

-
-

-
-

-
-

-
-

-
-

-
1

-
1

-
2

C
a
n
is

lu
p
u
s

fa
m

ili
a
ri
s

n
o
rt

h
e
rn

h
a
b
it
a
ts

w
it
h

s
u
ffi

c
ie

n
t
p
re

y
-

-
-

-
-

-
-

-
-

-
-

1
1

-
-

2

C
a
n
is

lu
p
u
s

p
a
lli

p
e
s

n
o
rt

h
e
rn

h
a
b
it
a
ts

w
it
h

s
u
ffi

c
ie

n
t
p
re

y
-

-
-

-
-

-
-

-
-

-
-

1
1

-
-

2

C
a
p
ra

h
ir
c
u
s

ra
n
g
e
la

n
d
s

-
-

-
-

-
-

-
-

-
-

-
1

1
1

-
3

C
it
e
llu

s
fu

lv
u
s

d
e
s
e
rt

s
a
n
d

s
e
m

i-
d
e
s
e
rt

s
1

-
-

-
-

1
-

1
-

-
-

-
-

1
-

4

C
ri
c
e
tu

lu
s

m
ig

ra
to

ri
u
s

a
ri
d

o
r

s
e
m

i-
a
ri
d

re
g
io

n
s

1
1

1
1

-
1

1
-

1
-

1
-

-
1

-
9

C
ro

c
id

u
ra

le
u
c
o
d
o
n

m
o
is

t
m

o
u
n
ta

in
o
u
s

re
g
io

n
s

1
-

-
1

-
-

-
-

-
1

-
-

-
-

-
3

C
ro

c
id

u
ra

s
u
a
v
e
o
le

n
s

a
ri
d

a
re

a
s

w
it
h

m
o
is

t
v
e
g
e
ta

ti
o
n

1
-

-
1

1
-

-
-

-
-

-
-

-
-

-
3

D
ry

o
m

y
s

n
it
e
d
u
la

b
ro

a
d

v
a
ri
e
ty

o
f
w

o
o
d
la

n
d
s

1
-

-
-

-
-

-
-

-
-

-
-

-
-

-
1

E
llo

b
iu

s
fu

s
c
o
c
a
p
ill

u
s

o
p
e
n

s
te

p
p
e
s

h
a
b
it
a
t
w

it
h

lo
o
s
e

s
o
il

1
-

-
-

-
-

-
-

-
-

-
-

-
1

-
2

F
e
lis

c
a
tu

s
c
o
s
m

o
p
o
lit

a
n

d
o
m

e
s
ti
c

s
p
e
c
ie

s
-

-
-

-
-

-
-

-
-

-
-

1
-

-
-

1

F
e
lis

s
ilv

e
s
tr

is
a
re

a
s

w
it
h

ro
c
k
s

a
n
d

ta
ll

tr
e
e
s

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
1

G
e
rb

ill
u
s

c
h
e
e
s
m

a
n
i

s
a
n
d
y

s
o
ils

a
n
d

m
u
d

fl
a
ts

1
-

-
-

-
-

-
-

-
-

-
-

-
1

-
2

G
e
rb

ill
u
s

d
a
s
y
u
ru

s
d
e
s
e
rt

,
s
e
m

i-
d
e
s
e
rt

,
a
n
d

ro
c
k
y

h
a
b
it
a
ts

-
-

-
-

-
-

-
1

-
-

-
-

-
-

-
1

G
e
rb

ill
u
s

n
a
n
u
s

d
e
s
e
rt

,
s
e
m

i-
d
e
s
e
rt

,
a
ra

b
le

la
n
d

a
n
d

g
a
rd

e
n
s

1
1

-
-

-
-

-
1

-
-

-
-

-
1

-
4

H
e
m

ie
c
h
in

u
s

a
u
ri
tu

s
d
ry

s
te

p
p
e
s
,
s
e
m

i-
d
e
s
e
rt

s
a
n
d

d
e
s
e
rt

s
1

-
-

-
-

-
-

-
1

-
-

1
1

1
-

5

H
e
m

ie
c
h
in

u
s

m
e
g
a
lo

ti
s

m
o
u
n
ta

in
o
u
s

a
re

a
s

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
1

H
e
rp

e
s
te

s
a
u
ro

p
u
n
c
ta

tu
s

s
c
ru

b
la

n
d
s

a
n
d

d
ry

fo
re

s
t

-
-

-
-

-
-

-
-

-
-

-
1

1
1

-
3

H
e
rp

e
s
te

s
e
d
w

a
rd

s
ii

th
ic

k
e
ts

,
c
u
lt
iv

a
te

d
fi
e
ld

s
o
r

b
ro

k
e
n
,
b
u
s
h
y

v
e
g
e
ta

ti
o
n

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
1

H
o
m

o
s
a
p
ie

n
s

p
a
s
s
im

-
-

-
-

-
-

-
-

-
-

-
-

1
-

-
1

H
y
a
e
n
a

h
y
a
e
n
a

a
ri
d

to
s
e
m

i-
a
ri
d

e
n
v
ir
o
n
m

e
n
ts

-
-

-
-

-
-

-
-

-
-

-
1

1
1

1
4

H
y
s
tr

ix
in

d
ic

a
b
ro

a
d

ra
n
g
e

o
f
h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
1

J
a
c
u
lu

s
b
la

n
fo

rd
i

d
e
s
e
rt

w
it
h

c
la

y
s
o
il

1
-

-
-

-
-

-
-

-
-

-
-

-
1

-
2

J
a
c
u
lu

s
J
a
c
u
lu

s
s
a
n
d
y

o
r

ro
c
k
y

d
e
s
e
rt

s
1

-
-

-
-

-
-

-
-

-
-

-
-

1
-

2

L
e
p
u
s

c
a
p
e
n
s
is

S
h
ru

b
s

to
o
p
e
n

h
a
b
it
a
ts

1
-

-
-

-
-

-
-

-
-

-
-

-
1

-
2

L
e
p
u
s

e
u
ro

p
a
e
u
s

o
p
e
n

fi
e
ld

s
a
n
d

p
a
s
tu

re
s

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
1

M
e
le

s
m

e
le

s
w

o
o
d
la

n
d
s

1
1

-
-

-
-

-
1

-
-

-
1

1
1

1
7

M
e
ri
o
n
e
s

c
ra

s
s
u
s

d
ry

h
a
b
it
a
ts

in
s
a
n
d
y

d
e
s
e
rt

s
1

1
-

-
-

-
-

1
-

-
-

-
-

1
-

4

M
e
ri
o
n
e
s

h
u
rr

ia
n
a
e

s
a
n
d
y

p
la

in
s

w
it
h

h
ig

h
e
r

d
e
n
s
it
y

o
f
b
u
s
h
e
s

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
1

M
e
ri
o
n
e
s

lib
y
c
u
s

a
ri
d

o
r

s
e
m

i-
a
ri
d

re
g
io

n
s

1
1

-
1

-
-

1
1

1
-

1
-

1
1

-
9

M
e
ri
o
n
e
s

m
e
ri
d
ia

n
u
s

s
a
n
d

d
e
s
e
rt

s
1

1
-

-
-

-
-

-
-

-
-

-
-

1
-

3

M
e
ri
o
n
e
s

p
e
rs

ic
u
s

a
ri
d
,
ro

c
k
y
,
m

o
u
n
ta

in
o
u
s

re
g
io

n
1

1
1

1
-

1
1

1
1

-
1

-
1

1
-

1
1

M
e
ri
o
n
e
s

tr
is

tr
a
m

i
s
te

p
p
e

a
n
d

s
e
m

i-
d
e
s
e
rt

h
a
b
it
a
ts

1
-

-
1

-
-

1
1

-
-

1
-

-
1

-
6

M
e
ri
o
n
e
s

v
in

o
g
ra

d
o
v
i

s
e
m

i
d
e
s
e
rt

,
b
a
re

m
o
u
n
ta

in
s

a
n
d

w
a
s
te

la
n
d
s

1
1

-
1

-
-

1
1

1
-

1
-

-
1

-
8

M
e
s
o
c
ri
c
e
tu

s
a
u
ra

tu
s

a
ra

b
le

fi
e
ld

s
w

it
h

a
n
n
u
a
lc

ro
p
s

1
-

1
1

-
-

1
-

1
-

-
-

-
1

-
6

(C
o
n
ti
n
u
e
d

)

The Fleas (Siphonaptera) in Iran: Diversity, Host Range, and Medical Importance

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005260 January 9, 2017 12 / 24



T
a
b

le
3
.

(C
o
n
ti
n
u
e
d

)

H
o

s
t

T
y
p

ic
a
l
h

a
b

it
a
t

(s
u

b
-)

fa
m

il
y

T
o

ta
l
fl

e
a

(s
u

b
-)

fa
m

il
ie

s
p

e
r

h
o

s
t

C
e

C
o

A
n

C
t

D
o

N
e

R
h

S
t

A
m

L
e

M
e

A
r

P
u

X
e

V
e

M
ic

ro
tu

s
a
rv

a
lis

m
o
is

t
m

e
a
d
o
w

s
,
m

o
is

t
a
n
d

fo
re

s
t
s
te

p
p
e
,
a
g
ri
c
u
lt
u
ra

l
a
re

a
s

1
-

-
1

-
-

-
-

1
-

-
-

-
1

-
4

M
ic

ro
tu

s
ir
a
n
i

m
o
u
n
ta

in
o
u
s

ra
n
g
e
s

1
-

-
1

-
-

1
-

1
-

-
-

-
1

-
5

M
ic

ro
tu

s
n
iv

a
lis

m
o
u
n
ta

in
o
u
s

ra
n
g
e
s

1
-

-
-

-
-

-
-

-
-

-
-

-
-

-
1

M
ic

ro
tu

s
s
o
c
ia

lis
s
te

p
p
e

h
a
b
it
a
ts

1
-

-
1

-
-

1
-

1
-

-
-

1
-

5

M
u
s

m
u
s
c
u
lu

s
c
o
s
m

o
p
o
lit

a
n

d
o
m

e
s
ti
c

s
p
e
c
ie

s
1

-
1

1
-

-
1

-
1

1
-

-
-

1
-

7

M
u
s
te

la
n
iv

a
lis

w
id

e
ra

n
g
e

o
f
h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
1

N
e
s
o
k
ia

in
d
ic

a
d
ry

d
e
c
id

u
o
u
s

fo
re

s
ts

,
s
c
ru

b
la

n
d
s
,
g
ra

s
s
la

n
d
s
,
a
ra

b
le

la
n
d
,
p
a
s
tu

re
s
,
p
la

n
ta

ti
o
n
s

1
-

1
1

-
-

-
-

-
-

-
-

-
1

-
4

O
c
h
o
to

n
a

ru
fe

s
c
e
n
s

m
o
u
n
ta

in
o
u
s

re
g
io

n
s

1
-

-
-

-
-

-
-

1
-

-
-

-
1

-
3

O
v
is

a
ri
e
s

c
o
s
m

o
p
o
lit

a
n

d
o
m

e
s
ti
c

s
p
e
c
ie

s
-

-
-

-
-

-
-

-
-

-
-

1
1

1
-

3

P
a
n
te

ra
p
a
rd

u
s

w
id

e
ra

n
g
e

o
f
h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
-

1
-

-
1

P
ip

is
tr

e
llu

s
p
ip

is
tr

e
llu

s
w

id
e

ra
n
g
e

o
f
h
a
b
it
a
ts

(G
o
rg

a
n

c
it
y
,
G

o
le

s
ta

n
P

ro
v
in

c
e
)

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
1

P
it
y
m

y
s

m
a
jo

ri
m

ix
e
d

fo
re

s
ts

-
-

-
1

-
-

-
-

-
-

-
-

-
-

-
1

R
a
tt
u
s

n
o
rv

e
g
ic

u
s

lo
w

la
n
d

a
n
d

c
o
a
s
ta

l
re

g
io

n
s

1
-

-
-

-
-

-
-

1
1

-
1

-
1

-
5

R
a
tt
u
s

ra
tt
u
s

n
a
tu

ra
l
a
n
d

s
e
m

i-
n
a
tu

ra
l
h
a
b
it
a
ts

1
-

-
-

-
-

-
-

-
1

—
1

1
1

-
5

R
h
o
m

b
o
m

y
s

o
p
im

u
s

d
e
s
e
rt

to
s
e
m

i-
d
e
s
e
rt

h
a
b
it
a
ts

1
1

-
-

-
-

-
1

-
-

-
-

1
1

-
5

S
o
re

x
m

in
u
te

s
w

id
e

v
a
ri
e
ty

o
f
h
a
b
it
a
ts

-
-

-
-

1
-

-
-

-
-

-
-

-
-

-
1

S
u
s

s
c
ro

fa
a

w
id

e
v
a
ri
e
ty

o
f
te

m
p
e
ra

te
a
n
d

tr
o
p
ic

a
l
h
a
b
it
a
ts

-
-

-
-

-
-

-
-

-
-

-
-

1
-

-
1

T
a
lp

a
c
a
e
c
a

d
e
c
id

u
o
u
s

w
o
o
d
la

n
d
,
m

e
a
d
o
w

s
a
n
d

p
a
s
tu

re
s

in
h
ill

y
o
r

m
o
u
n
ta

in
o
u
s

a
re

a
s

-
-

-
1

-
-

-
-

-
-

-
-

-
-

-
1

T
a
lp

a
e
u
ro

p
a
e
a

d
e
e
p

s
o
ils

-
-

-
1

-
-

-
-

-
-

-
-

-
-

-
1

T
a
te

ra
in

d
ic

a
a
ri
d

h
a
b
it
a
ts

1
1

-
-

-
-

-
1

-
-

1
1

-
1

-
6

V
u
lp

e
s

ru
e
p
p
e
lli

i
s
a
n
d

a
n
d

s
to

n
y

d
e
s
e
rt

s
-

-
-

-
-

-
-

-
-

-
1

-
1

-
2

V
u
lp

e
s

v
u
lp

e
s

tu
n
d
ra

,
d
e
s
e
rt

a
n
d

fo
re

s
t,

a
s

w
e
ll

a
s

in
c
it
y

c
e
n
tr

e
s

1
-

-
1

-
-

-
-

1
-

1
1

1
1

1
8

T
o
ta

l
h
o
s
t/
fl
e
a

(s
u
b
-)

fa
m

ili
e
s

3
7

1
1

6
2
0

3
3

9
1
2

1
7

7
9

2
0

1
9

4
3

3
2
1
5

2
1
9

C
e

C
e
ra

to
p
h
y
lli

n
a
e
,
C

o
C

o
p
to

p
s
y
lli

d
a
e
,
A

n
A

n
o
m

io
p
s
y
lli

n
a
e
,
C

t
C

te
n
o
p
h
th

a
lm

in
a
e
,
D

o
D

o
ra

to
p
s
y
lli

n
a
e
,
N

e
N

e
o
p
s
y
lli

n
a
e
,
R

h
R

h
a
d
in

o
p
s
y
lli

n
a
e
,
S

t
S

te
n
o
p
o
n
iin

a
e
,
A

m

A
m

p
h
ip

s
y
lli

n
a
e
,
L

e
L
e
p
to

p
s
y
lli

n
a
e
,
M

e
M

e
s
o
p
s
y
lli

n
a
e
,
A

r
A

rc
h
a
e
o
p
s
y
lli

n
a
e
,
P

u
P

u
lic

in
a
e
,
X

e
X

e
n
o
p
s
y
lli

n
a
e

a
n
d

V
e

V
e
rm

ip
s
y
lli

d
a
e

d
o
i:
1
0
.1

3
7
1
/jo

u
rn

al
.p

n
td

.0
0
0
5
2
6
0
.t
0
0
3

The Fleas (Siphonaptera) in Iran: Diversity, Host Range, and Medical Importance

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005260 January 9, 2017 13 / 24



A total of 53 vertebrate species were reported infested by six subfamilies of Ctenophthalmi-

dae including Ctenophthalminae (n = 20), Stenoponiinae (n = 12), Rhadinopsyllinae (n = 9),

Anomiopsyllinae (n = 6), Doratopsyllinae (n = 3) and Neopsyllinae (n = 3). By filtering the

compiled data, 29 vertebrate host species were distinguished among all six subfamilies. Corre-

spondingly 8, 6 and 1 host species are exclusively included in the Ctenophthalminae, Stenopo-

niinae and Doratopsyllinae. However there were not found any restricted vertebrate host

species in the Anomiopsyllinae, Neopsyllinae and Rhadinopsyllinae (Table 5).

A total of 33 vertebrate species were reported infested by three subfamilies of Leptopsyllidae

including Amphipsyllinae (n = 17), Mesopsyllinae (n = 9) and Leptopsyllinae (n = 7). By filter-

ing the compiled data, 22 vertebrate host species were distinguished among three subfamilies.

Investigation on the flea-host associations in subfamilies of the Leptopsyllidae showed that

there were no common host species shared by the three subfamilies. However 6, 3 and 2 host

species are exclusively included in the Amphipsyllinae, Leptopsyllinae and Mesopsyllinae

respectively (Table 6).

Table 4. Shared and exclusive vertebrate species associated with seven flea families of Pulicidae, Ceratophyllidae, Ctenophthalmidae, Leptospyl-

lidae, Coptopsyllidae, Ischnopsyllidae and Vermipsyllidae in Iran.

Flea family(s) No of

host(s)

Vertebrate host(s)

Ceratophyllidae, Coptopsyllidae, Ctenophthalmidae,

Leptopsyllidae and Pulicidae

6 Calomyscus bailwardi, Cricetulus migratorius, Meriones libycus, Meriones persicus,

Meriones vinogradovi and Tatera indica

Ceratophyllidae, Coptopsyllidae, Ctenophthalmidae,

Pulicidae and Vermipsyllidae

1 Meles meles

Ceratophyllidae, Ctenophthalmidae, Leptopsyllidae,

Pulicidae and Vermipsyllidae

1 Vulpes vulpes

Ceratophyllidae, Coptopsyllidae, Ctenophthalmidae

and Pulicidae

3 Gerbillus nanus, Meriones crassus and Rhombomys opimus

Ceratophyllidae, Ctenophthalmidae, Leptopsyllidae

and Pulicidae

7 Allactaga williamsi, Meriones tristrami, Mesocricetus auratus, Microtus arvalis, Microtus

irani, Microtus socialis and Mus musculus

Ceratophyllidae, Coptopsyllidae and Pulicidae 1 Meriones meridianus

Ceratophyllidae, Ctenophthalmidae and

Leptopsyllidae

1 Crocidura leucodon

Ceratophyllidae, Ctenophthalmidae and Pulicidae 2 Citellus fulvus, Nesokia indica

Ceratophyllidae, Leptopsyllidae and Pulicidae 4 Hemiechinus auritus, Ochotona rufescens, Rattus norvegicus and Rattus rattus

Ceratophyllidae and Ctenophthalmidae 1 Crocidura russula

Ceratophyllidae and Pulicidae 6 Ellobius fuscocapillus, Gallus gallus, Gerbillus cheesmani, Jaculus blanfordi, Jaculus

jaculus and Lepus capensis

Ctenophthalmidae and Leptopsyllidae 2 Apodemus mystacinus and Apodemus sylvaticus

Ischnopsyllidae and Pulicidae 1 Pipistrellus pipistrellus

Pulicidae and Vermipsyllidae 1 Hyaena hyaena

Ceratophyllidae 5 Dryomys nitedula, Galerida cristata, Microtus nivalis, Motacilla alba and Passer

domesticus

Ctenophthalmidae 5 Gerbillus dasyurus, Pitymys majori, Sorex minutes, Talpa caeca and Talpa europaea

Ischnopsyllidae 6 Aselia tridens, Myotis blythi, Nyctalus noctula, Pipistrellus kuhlii, Plecotus macrobullaris

and Rhinolophus blasii

Leptopsyllidae 1 Allactaga elater

Pulicidae 23 Acomys dimidiatus, Allactaga elator, Bos taurus, Canis aureus, Canis lupus familiaris,

Canis lupus pallipes, Canis lupus spp., Capra hircus, Corvus corone, Felis catus, Felis

silvestris, Hemiechinus megalotis, Herpestes auropunctatus, Herpestes edwardsi, Homo

sapiens, Hystrix indica, Lepus europaeus, Meriones hurrianae, Mustela nivalis, Ovis

aries, Pantera pardus, Sus scrofa and Vulpes ruppelli

doi:10.1371/journal.pntd.0005260.t004
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A total of 83 vertebrate species were reported infested by three subfamilies of Pulicidae

including Xenopsyllinae (n = 43), Pulicinae (n = 20) and Archaeopsyllinae (n = 20). By filter-

ing the compiled data, 56 vertebrate host species were distinguished among three subfamilies.

Exploration of flea-host associations in Pulicidae pointed out that there are eight common

hosts including Capra hircus (Linnaeus, 1758),Hemiechinus auritus (Gmelin, 1770),Herpestes
auropunctatus (Hodgson, 1836),Hyaena hyaena (Linnaeus, 1758),Meles meles (Linnaeus,

1758), Ovis aries (Linnaeus, 1758), Rattus rattus (Linnaeus, 1758) and Vulpes vulpes (Linnaeus,

1758) among three subfamilies. Although a number of 27, 5 and 5 host species are exclusively

included in the Xenopsyllinae, Pulicinae and Archaeopsyllinae respectively (Table 7).

Table 5. Shared and exclusive vertebrate species associated with six subfamilies of Ctenophthalmi-

dae in Iran.

Flea sub family(s) No of

host (s)

Vertebrate host(s)

Anomiopsyllinae, Ctenophthalminae,

Neopsyllinae, Rhadinopsyllinae and

Stenoponiinae

1 Meriones persicus

Anomiopsyllinae, Ctenophthalminae,

Neopsyllinae and Rhadinopsyllinae

1 Cricetulus migratorius

Anomiopsyllinae, Ctenophthalminae and

Rhadinopsyllinae

2 Mesocricetus auratus and Mus musculus

Ctenophthalminae, Rhadinopsyllinae and

Stenoponiinae

3 Meriones libycus, Meriones tristrami and

Meriones vinogradovi

Anomiopsyllinae and Ctenophthalminae 1 Nesokia indica

Anomiopsyllinae and Stenoponiinae 1 Calomyscus bailwardi

Ctenophthalminae and Doratopsyllinae 2 Apodemus mystacinus and Crocidura russula

Ctenophthalminae and Rhadinopsyllinae 2 Microtus irani and Microtus socialis

Neopsyllinae and Stenoponiinae 1 Citellus fulvus

Ctenophthalminae 8 Allactaga williamsi, Apodemus sylvaticus,

Crocidura leucodon, Microtus arvalis, Pitymys

majori, Talpa caeca, Talpa europaea and

Vulpes vulpes

Doratopsyllinae 1 Sorex minutes

Stenoponiinae 6 Gerbillus dasyurus, Gerbillus nanus, Meles

meles, Meriones crassus, Rhombomys opimus

and Tatera indica

doi:10.1371/journal.pntd.0005260.t005

Table 6. Shared and exclusive vertebrate species associated with three subfamilies of Ctenophthal-

midae in Iran.

Flea sub family(s) No of

host (s)

Vertebrate host(s)

Amphipsyllinae and

Leptopsyllinae

4 Apodemus mystacinus, Calomyscus bailwardi, Mus musculus and

Rattus norvegicus

Amphipsyllinae and

Mesopsyllinae

7 Allactaga elater, Allactaga williamsi, Cricetulus migratorius,

Meriones libycus, Meriones persicus, Meriones vinogradovi and

Vulpes vulpes

Amphipsyllinae 6 Hemiechinus auritus, Mesocricetus auratus, Microtus arvalis,

Microtus irani, Microtus socialis and Ochotona rufescens

Leptopsyllinae 3 Apodemus sylvaticus, Crocidura leucodon and Rattus rattus

Mesopsyllinae 2 Meriones tristrami and Tatera indica

doi:10.1371/journal.pntd.0005260.t006
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Discussion

The literature inventory of the fleas of Iran showed that there are seven Siphonaptera families

in this country namely Ceratophyllidae, Leptopsyllidae, Pulicidae, Ctenophthalmidae, Coptop-

syllidae, Ischnopsyllidae and Vermipsyllidae. These flea families are distributed in all parts of

the country where sampling occurred and where data were available. According to the litera-

ture reviewed, the distribution range of those families extends in Hamadan and Kurdistan

(West Iran) provinces rather than in Ardabil (northwest), Northern Khorasan (northeast),

Bushehr (south), Mazandaran, Golestan and Gilan provinces (north). This fact is partly due to

a collection bias in plague foci during the sixties (1963–1975 Baltazard, Klein, Farhang-Azad

and Mollaret)[65–70]. The distribution maps of the studied fleas showed that further sampling,

especially from provinces with poor faunistical studies, is necessary, especially in a context of

vector-borne disease epidemiology where known mammalian hosts of pathogenic agents are

also present.

Most fleas of medical or veterinary importance belong to the Ceratophyllidae, Leptopsylli-

dae, Pulicidae, Ctenophthalmidae and Vermipsyllidae families [12]. Pulicidae, a family includ-

ing most cosmopolitan flea species of medical importance and in particular the Xenopsylla
genus, was by far the most reported family in Iran [8, 29–30, 32, 35, 53–55, 57–60]. Analysis of

common mammal hosts and their flea diversity revealed thatM. persicus was infested by 11

flea subfamilies and Xenopsyllinae were hosted by at least 43 mammal species.

The Persian Jird,M. persicus, is distributed from Eastern Anatolia to Afghanistan and west-

ern Pakistan. Iran is the most extensive geographical region in the distribution range of the

Persian Jird; indeed five of the six subspecies are found in the country [71].

At the first, the research team of Baltazard (1952) and then Golvan & Rioux (1963) and

Poland and Dennis (1999) offered initial illustrations of the role of resistant or silent enzootic

reservoirs in the maintenance of Y. pestis and human plague outbreaks in the Kurdistan

focus. They showed thatM. vinogradovi andM. tristrami were extremely sensitive to Y. pestis
whileM. libycus andM. persicus were highly resistant. Tatera indica has also been associated

with transmission of Y. pestis in the country. Flea densities were reported to be high onM.

persicus [23, 72–73]. In that era flea species including Pulex irritans, Xenopsylla cheopis, X.

astia, X. buxtoni, X. conformis, Nosopsyllus fasciatus N. iranus iranus, and Stenoponia tripecti-
nata were listed as favorite candidate Y. pestis vectors within and among vertebrates includ-

ing man [74–79].

Table 7. Shared and exclusive vertebrate species associated with three subfamilies of Pulicidae in Iran.

Flea sub family(s) No of host

(s)

Vertebrate host(s)

Archaeopsyllinae, Pulicinae and

Xenopsyllinae

8 Capra hircus, Hemiechinus auritus, Herpestes auropunctatus, Hyaena hyaena, Meles meles, Ovis

aries, Rattus rattus and Vulpes vulpes

Archaeopsyllinae and Pulicinae 3 Canis aureus, Canis lupus familiaris and Canis lupus pallipes

Archaeopsyllinae and Xenopsyllinae 4 Canis lupus spp., Rattus norvegicus, Tatera indica and Vulpes ruppelli

Pulicinae and Xenopsyllinae 4 Bos Taurus, Meriones libycus, Meriones persicus and Rhombomys opimus

Archaeopsyllinae 5 Felis catus, Felis silvestris, Herpestes edwardsi, Lepus europaeus and Mustela nivalis

Pulicinae 5 Corvus corone, Gallus gallus, Homo sapiens, Pantera pardus and Sus scrofa

Xenopsyllinae 27 Gerbillus cheesmani, Hystrix indica, Allactaga williamsi, Calomyscus bailwardi, Microtus irani,

Cricetulus migratorius, Microtus arvalis, Jaculus jaculus, Ochotona rufescens, Gerbillus nanus,

Pipistrellus pipistrellus, Nesokia indica, Meriones vinogradovi, Mesocricetus auratus, Mus musculus,

Meriones crassus, Allactaga elater, Ellobius fuscocapillus, Acomys dimidiatus, Hemiechinus

megalotis, Meriones tristrami, Citellus fulvus, Meriones hurrianae, Microtus socialis, Jaculus blanfordi,

Lepus capensis, and Meriones meridianus

doi:10.1371/journal.pntd.0005260.t007
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In 1980, Karimi et al. surveyed the Sarab focus in East Azarbaijan province where fourteen

samples of Y. pestis were isolated fromM. persicus,M. vinogradovi, andMesocricetus auratus
and from their fleas; Xenopsylla conformis and Nosopsylla iranus iranus [80]. The Y. pestis
strains isolated from theM. persicus in the Trans-Arax focus in Armenia were characterized by

higher virulence than those that are isolated from voles in the Transcaucasus Mountainous

focus[81].

In a recent serological survey carried out by Esmaeili et al., in Western Iran antibodies

against Y. pestis F1 capsular antigen were detected in aM. persicus [22]. Whether Y. pestis
strains lacking the F1 antigen naturally occur in Iran is not known but could lead to an under-

estimation of the current seroprevalence.

Meriones species notablyM. persicus were reported to be main reservoir host for pathogens

rather than bacterium Y. pestis. In the parasitological studies sandfly-borne Leishmania spp.

including L.major [82], L. infantum [83] and L. donovani [84] were isolated fromM. persicus
specimens.Meriones species rather thanM. persicus (M. libycus andM. hurrianae) have been

reported as the major reservoir host of zoonotic cutaneous leishmaniasis in several endemic

areas of Iran [85–89]. The endoparasites ranging from Acanthocephala to Cestoda and Nema-

toda were identified inM. persicus as well [90]. These findings place the Persian jird and the

Xenopsyllinae as the major vertebrate and vector hosts of flea-borne diseases in Iran including

Y. pestis, the etiological agent of plague.

Indeed, Xenopsylla spp. were collected from 18 provinces with a wide array of climatic con-

ditions ranging from cold mountainous areas to warm and dry sandy plains and deserts

(Table 1).

Most species of the Pulicidae family are notorious vectors of disease agents causing plague,

murine typhus, and tularemia but also transmit helminths. Several species of the Xenopsylla
genus play an important role in the transmission of Y. pestis, the etiological agent of plague,

from rodents to human [91]; the most classical and significant vector being X. cheopis [92].

Indeed, X. cheopis accounts for 80% of the fleas collected off rodent hosts in the natural

endemic plague foci of Iran [93]. X. cheopis is also the vector of various human pathogenic Bar-
tonella species [6, 94]. The cat scratch disease, caused by B. henselae, has been considered as an

emerging zoonotic bacterial pathogen in veterinary and human medicine. Cats are the basic

source of the bacteria. Bacteria are transferred from cat to cat by the flea Ctenocephalides felis,
another cosmopolitan flea, which have been reported in the Iranian cat population [95].

Murine typhus or endemic typhus caused primarily by Rickettsia typhiis another rodent-borne

disease that is transmitted to humans by the flea X. cheopis [96]. Pulex irritans and Nosopsyllus
fasciatus are secondary vectors of murine typhus Rickettsia [97] that is endemic through coastal

regions of the Caspian Sea and the Persian Gulf [98].

Rickettsia felis is the cause of another flea-borne “spotted fever group” rickettsiosis. R. felis is

transmitted by the bite or faeces of several flea species, and transovarially in Ctenocephalides
felis felis (and the African subspecies C. f. strongylus) but also in C. orientis present in Iran, so

that they are considered as vectors and reservoir hosts of this pathogen [99].

Ctenocephalides felis, C. canis- that have been collected from the studied areas extensively

(Table 1)—and P. irritans are the intermediate hosts of flatworms such as Dipylidium caninum,

or nematodes as the filaria Acanthocheilonema reconditum. Hence dog, cat and rarely human

infection occurs following ingestion of infected fleas [100–101]. Typically, a human is bitten

more often by a cat flea (C. felis) than a dog flea (C. canis) which is very or even monospecific.

Cosmopolitan fleas as helminths vector have less medical than veterinary importance, since

the helminth species they transmit rarely infest humans and are virtually harmless.

Nosopsyllus fasciatus, a Ceratophyllidae and Coptopsylla lamellifer, a Coptopsyllidae, were

collected in 14 different regions of Iran. They play a role in enzootic plague cycles, that is in
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circulating the plague bacterium Y. pestis between rodents but since they do not readily bite

humans in a natural setting, are only accidental vectors of Y. pestis to humans exposed [38, 41,

102–103].

Fleas are also considered vectors of F. tularensis the etiological agent of tularemia [104].

Vulnerable animals such as hares and rodents frequently die in large numbers during epizoot-

ics. Human infections take place through several routes, including insect bites and direct con-

tact to an infected animal. It can affect the skin, eyes, lymph nodes, lungs and, less often, other

internal organs. According to recent studies (which have shown the presence of this disease in

western and eastern regions of Iran) and the previous studies (which have shown the presence

of this disease in the east and north-west of the country [105]), the possibility of transmission

of this agent by fleas should be considered in all parts of the country [106].

Most leptopsyllids parasitize rodents and a few birds. Species of Frontopsylla, Leptopsylla,

Mesopsylla, Ophthalmopsylla and Paradoxopsyllus are known as main or suspected vectors of

plague, murine typhus, erysipeloid, listeriosis and salmonellosis in the Central Asia[107]. In an

experiment it was showed that L. segnis is more successful in transmitting R. typhi to rats than

X. cheopis [64]. Leptopsylla aethiopica aethiopica which transmits plague in Africa recently

have been reported from Semnan province [50]; however its presence and identity in the

region is very questionable.

People who travel to rural areas should consciously avoid flea bites especially in populations

camping outside (herders, travelers, nomads) and avoid exposure to wild rodents and their

fleas. In domestic areas, in order to prevent bites and thus disease transmission to humans, the

floors and walls, as well as the rodents’ burrows around settlements, should theoretically be

sprayed with insecticides. A few days later the application of rodenticides is necessary.

There were virtually no records of some flea species in a few provinces like North Khorasan

(Fig 1). This is mainly due to inadequate inventories, especially in remote areas, or minorly

due to the changing of geographical boundaries where the number of provinces in old classifi-

cation has increased from 10 to 31 provinces.

In this paper we highlighted the geographical gaps on the Siphonaptera fauna of Iran. Gen-

erally, it shows that extensive fundamental and systematic research is still needed to determine

the impact of off-host abiotic conditions and host identity (either mammal or bird) on host

specificity, and on the potential for flea-borne diseases spread and transmission risk.

Co-evolution partly explains host-flea relationships which are translated into various

degrees of host specificity (as shown in Tables 4–7) and morphological adaptations of the para-

site [108]. Host specificity is important from the perspective of transmission of disease agents.

It is more probable that, vertebrate hosts with related taxonomy or similar ecologies will have

flea species that share similar pathogens. Depending on the level of infestation, flea species do

not cause major problem to their hosts [108]. While some fleas species, virtually exclusively

females, (Echidnophaga spp., Vermipsylla spp., Dorcadia spp., Tunga spp), spend much of their

adult lives embedded or fixed in the host skin, this is far from being the rule. Indeed, most spe-

cies jump on a host to feed intermittently before returning to the host dwelling place, usually a

nest or burrow [6].

Den/nest making hosts (mammals or birds) display a more specific flea fauna than non

roosting species [6]. It has been shown that fleas possibly appeared with mammals and speci-

ated with rodents which still have the most speciose extant fauna (74%)[109].

Since rodent-borne, bat-borne and vector-borne diseases are the major rising concerns to

health authorities, and threats to public health making inventories of the host and their ecto-

poarasitic fauna has become as never before a priority. Although most flea-borne diseases are

not classified in the 17 neglected tropical diseases (NTDs) list made by the World Health Orga-

nization, this doesn’t mean those are unimportant or not causing an underestimated morbidity
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burden worldwide. The lack of recognition by major stakeholders, and the local lack of diag-

nostic tools and awareness are impeding improvements into flea-borne disease research. How-

ever, with about seven human or zoonotic highly pathogenic agents circulating among

-possibly- the 117 flea species throughout Iran, there is an urgent need to organize and fund

flea-host-pathogen ecological surveys in the face of rapid environmental and human behav-

ioral changes.

Conclusion

The first step in identifying the risk linked to flea exposure is to make a list of the species before

any public health measures can be taken. Flea-borne diseases are caused by emerging and re-

emerging infectious agents which distribution, prevalence and incidence are currently increas-

ing. However, the data about fleas and their medical significance in different geographical

regions of Iran is limited. We took the first step in this paper but supplementary studies are

required to i) complete the list, especially in areas where there are no reportsor poor faunistic

studies and ii) perform molecular screening of flea pools in order to detect specific pathogen

circulation in domestic fauna and wildlife in order to prevent future epidemics.
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