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Abstract
Fleas (Siphonaptera) are holometabolus, flat-topped, wingless

insects that are highly specialized as ectoparasites. Both adult sexes
are blood-sucking ectoparasites that live on mammals and birds. As
parasites and disease vectors, fleas are crucial to maintaining public
health. Only a small portion of the 2.574 flea species that have been
described live in close proximity to people. From it, only fifteen
species have been recorded in Libya. The study was carried out in
different locations in the Al-Wusita area, which is located north of Al-
Bayda city in the Al-Jabal Al-Akhder area in North-Eastern Libya. A
total of 56 fleas were collected randomly from different hosts (goats
and dogs), whereas the examined cats had no fleas. All specimens
were adults (32% males and 68% females) that belonged to two
species: Pulex canis and Ctenocephalides canis. Among those, C.
canis (79%) was collected from both goats and dogs, while P. irritans
(21%) was collected from dogs. A microscopic examination of the
morphological characteristics of P. irritans and C. canis revealed
typical characteristics of both species; after matching it with the
classification keys and previous studies that were conducted. Both
species have medical and veterinary importance. Therefore, we must
pay attention to fleas and prevent diseases transmitted by them by
controlling dogs and vaccinating goats and other grazing animals.

Keywords: Human flea, Pulex irritans, dog flea, Ctenocephalides
canis, morphology, identification, Al-Wusita area.
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Introduction

Fleas (Siphonaptera) are holometabolus, flat-topped, wingless insects that are
highly specialized as ectoparasites. Both adult sexes are blood-sucking
ectoparasites that live on mammals and birds. As parasites and disease vectors,
fleas are crucial to maintaining public health (1). Only a small portion of the
2,574 flea species that have been described, which are divided among 238
genera and 16 families, live in close proximity to people (2). Fleas are clinically
important parasites for human health; they cause allergic dermatitis or other
conditions through their feeding activities. But more importantly, they also act
as carriers of important pathogens. The plague bacterium can be carried by the
human flea. Yersinia pestis is a bacterium that causes plague, a disease that
affects both humans and other mammals. In Libya, the plague epidemic was
recorded, after its disappearance for a period of 25 years. In last time, Libya has
experienced several outbreaks of plague, resulting in deaths in several cities (3).
Millions of people were killed by the plague in Eurasia during the Middle Ages,
which was notorious. The disease can lead to serious illness or even death if not
treated quickly. Although human plague infections still happen occasionally in
western the United States, there are noticeably more cases in some regions of
Africa and Asia (4-6). Fleas, predominantly species of the genus
Ctenocephalides, are communal ectoparasites of dogs and cats throughout the
world (7-9). Some species that belong to the genus Ctenocephalides are known
vectors for Bartonella henselae, Bartonella clarridgeiae, and Rickettsia felis,
and can cause cat flea typhus in humans (10-12). Dog and cat fleas are known as
intermediate hosts for Dipylidium caninum, which can be transmitted to
livestock and humans (13, 14). Pets such as dogs, cats, or other domestic
animals can play an important role as bridge hosts for fleas from a variety of
wild, domestic animals, and human species. This is because their searching
behavior involves coming into contact with different animals and acquiring fleas
from different animals (15). Flea infestations can cause severe irritation to
animals and humans and lead to serious illnesses such as anemia and skin
problems. This is because repeated infestations in dogs and cats can lead to
hypersensitivity to components of flea saliva, leading to flea allergic dermatitis
(10, 16, 17). This study was conducted to describe the morphology of adult
fleas, according to the available literature; no study was conducted to describe
dog and human fleas in the study area.
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Materials and Methods:
Description of the Study Area:

The study was carried out in different locations in the Al-Wusita area,
which is located at 21° 46" 32.73" E, 32° 49" 24.30" N, which is located north of
Al-Bayda city - Al-Jabal Al-Akhder area in North-Eastern Libya, 200 km east of
Benghazi city. This region is characterized by great diversity in vegetation,
which contains more than 1,350 species of plants (18), with an annual mean
temperature of 18.0° C and monthly rainfall ranging from 0 to 200 mm. The
climate is markedly diverse during the year, with a dry season from mid-April to
mid-October and a rainy season for the rest of the year.

Handling of animals during collection:

Samples were collected from cats, dogs and domesticated goats with the
help of their owners. As for stray animals, they were restrained by using a mask
for dogs during the examination and collection of samples.

Sample collection:

Samples were collected from September to December 2022 from different
parts of the animal's body, including the head, ear, armpits, abdomen and both
sides. Fleas were collected by handpicking, and forceps. Collected fleas were
stored in vials, with labels, and the collection data was recorded in a special
notebook. Flea samples were transported to the laboratory of parasitology at the
Zoology Department, Faculty of Science, Omar Al-Mukhtar University, Al-
Bayda city. The collected fleas were kept in 70% ethanol, for preservation. The
samples were identified by using a light microscope and a dissecting microscope
for examining different parts of fleas’ specimens.

Sample preparation:

The samples were prepared in three steps according to the method of
Yakub, Amrito, Abdullah, Saiful and Uday (19). Flea samples were cleared by
softening in a 10 % potassium hydroxide (KOH) solution overnight at room
temperature to allow crossing light to pass through the specimen. After this step,
specimens were returned to distilled water. Specimens were reserved in
Hematoxylin overnight. The sample becomes darker the longer it is placed in the
dye, but the excess dye can be removed when the samples are passed through the
drying stage by grading the concentrations of ethanol. Finally, the water was
removed (dehydration) from the samples because its presence in the samples
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increases the difficulty of seeing and thus prevents seeing the external structures
important in the identification of fleas. Also, the water causes damage to the
samples due to the increase in bacteria growth and tissue decomposition. During
this stage, the samples were passed through graduated concentrations of ethanol
until placed in 100% ethanol over a period of 30 minutes for each concentration.
The specimens were dehydrated in 100 % ethanol and then soaked in xylene
before mounting on slides. The thickness of the specimen determines how long it
takes to complete each step. Just before mounting in Canada balsam medium, the
dehydrated specimen was examined under a microscope to check for cleaning.
The specimen was returned to earlier stages of the dehydration series if clouding
was visible. The specimens were mounted on slides and left to dry for several
days. During the mounting process, the specimens were handled delicately. The
specimens were handled during the mounting process using fine forceps, needles,
and insect pins.

Morphological examination of flea specimens:

Several keys were used for the microscopic identification of fleas at the
species level (20-22) by examining all samples under a dissecting microscope
and a light microscope by objective lens 10x in the laboratory.

Results:

This study was carried out from September to December 2022. A total of
56 fleas were collected randomly from different hosts (goats, dogs). The
examined cats had no fleas. All specimens were adults (32% males and 68%
females) that belonged to two species: Pulex irritans and Ctenocephalides
canis. Among those, C. canis (79%) was collected from both goats and dogs,
while P. irritans (21%) was collected from dogs (Fig. 1).

40
HFemale ™ Male

Total number of individuals fleas
N
o

Total number Ctenocephalides canis Pulex irritans
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Figure 1: The total number of each flea species collected from the Al-Wasita area
during September and December 2022.

The first species identified in this study is Pulex irritans Linnaeus, 1758.
This species appear as light-brown fleas. Microscopic examination of the head in
this adult species is that neither pronotal nor genal comb is present, there is a
single bristle (br) presence under the eye (Fig. 2A), the labial palp (Ip) is stiff,
frons smoothly rounded, and lacking tubercle (Fig. 2A), while Pleural rod of
mesothorax (mt) absent (Fig. 2B), metanotum (me) nearly as long as abdominal
tergum 1 (tel) (Fig. 2C), Also, spermatheca (sp) (sperm storage vessel) in females
appeared in the form of a comma (Fig. 2D); While the males were characterized
by having noteworthy sexual apparatus (the aedeagus) (Fig. 2E)..

Figure 2: Morphological features of Pulex irritans Linnaeus, 1753; A- The shape of the
head shows the absence of pronotal and genal comb; a- bristle under the eye, b- the
quality of the mouth parts; B- mesothorax shape; C- metanotum size compared to the
abdominal tergum I; D- female spermatheca shape; E- aedeagus (arrows) shape in mal.
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The other species identified in this study is Ctenocephalides canis Curtis,
1826. The microscopic examination of adult C. canis showed the shape of the
head length (hl) is not twice the height of the head, both pronotal and genal
combs are present, and it is genal comb more than six spines that have pointed
apically, the length of the first spine (thin arrow) of the genal comb is half as
long as the second spine (thick arrow) (Fig. 3A), on the other hand, Numbers
of bristles on the lateral metanotal area (LMA) are three (Fig. 3B), whereas
Number of notches on tibiae of all six legs have 7 to 8 notches (arrows) with
two single bristles present between long postmedian and apical bristles of the
dorsal margin of hind tibia (Fig. 3C), and the length of hilla of spermathica in
the female is comparatively long and globular (Fig. 3D), In addition, to the
shape of the manubrium the clasper in males has expanded apically (Fig. 3E.
arrow).

Figure 3: Morphological features of Ctenocephalides canis Curtis, 1826; A- The head
region shows the presence of pronotal and genal comb, hl: shape of the head, Length of
the 1% (thin arrow) and 2™ (thick arrow) spine genal comb; B- Number of bristles on the
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LMA,; C- Number of notches on tibiae (arrows); D- female spermatheca shape (circle); E-
clasper's manubrium of the male (arrow).

Discussion:

For a long time, most studies in Libya with respect to medical and
veterinary entomology have centered on mosquitoes and ticks. Even if
studies were conducted on fleas, they were conducted as survey studies to
determine the species and their hosts, or their density and abundance (23-29).
According to the available literature, this is the first morphological study
conducted on flea species in the Al-Jabal Al-Akhder area of Libya.

In the present study, two species of fleas were identified: C. canis and
P. irritans. These species were among the fifteen species already recorded in
Libya (23-29). The present study showed that all samples of C. canis were
collected from dogs and goats, while all samples of P. irritans were collected
from dogs only. In several studies conducted in Libya, C. canis was recorded
in dogs and hedgehogs (25, 28). On the other hand, studies conducted in
Nigeria and Southern Ethiopia showed that C. canis was collected from goats
and sheep (30, 31). While P. irritans it was found in Libya, Greece and in
Spain infesting dogs, goats, sheep and porcupines (25, 27, 29, 32, 33).
Apparently, both species have low host specificity. The study showed that all
of the cats checked were without fleas. This might be as a result of their
owners' proper management and supportive care.

The present study showed that more female fleas were recorded on
animals. The present finding agreed with previous studies conducted on dogs
and cats in Bangladesh and Ethiopia (19, 34). The reason for this may be that
female individuals ordinarily have a longer life expectancy than male
individuals (19). On the other hand, male individuals to spend more time off
the host and are, in this manner, more inclined to predation or starvation than
female individuals (35). And this was proven in a study conducted on the
interhost movement between fleas, in which it appeared that essentially
fewer female cat fleas were transmitted from one host to another compared to
males (36).

In the present study, two species belonging to different genera, Pulex
irritans and Ctenocephalides canis, were found in both goats and dogs.

Individuals of Pulex irritans observed on dogs from the Al-Wasita area
presented typical characteristics of this species: the shape of the head shows
the absence of pronotal and genal comb, bristles under the eye, the quality of
the mouth parts, the mesothorax shape, the metanotum size compared to the
abdominal tergum, the female spermatheca shape, and the aedeagus shape in
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mal. Morphological characteristics of the last parts were agreed upon by
Lewis (20), Panagiotakopulu (37), O’Donnell and Elston (38) and Azarm,
Dalimi, Pirestani, Mohammadiha, Zahraei-Ramazani, Marvi-Moghaddam
and Amiri (39). On the other hand, individuals of Ctenocephalides canis
observed on goats and dogs in the study area showed typical characteristics
of this species: the head region has pronotal and genal comb, the shape of the
head; length of the 1st and 2nd spine genal comb; the number of bristles on
the LMA, number of notches on tibiae, female spermatheca shape; and
clasper's manubrium of the male. Morphological characteristics of the last
parts were agreed upon by Lewis (20), Linardi and Santos (40), Lawrence,
Hii, Jirsova, Panakova, Ionicd, Gilchrist, Modry, Mihalca, Webb and Traub
(41), Ahn, Huh, Seol, Kim, Suh and Shin (42), Yakub, Amrito, Abdullah,
Saiful and Uday (19).

Conclusion

Two species were recorded in the present study include Ctenocephalides
canis and Pulex irritans. Both species have medical and veterinary
importance. Therefore, we must pay attention to fleas and prevent diseases
transmitted by them by controlling dogs and vaccinating goats and other
grazing animals.

References:

I. Bitam, K. Dittmar, P. Parola, M. F. Whiting, D. Raoult, Fleas and flea-borne
diseases. International journal of infectious diseases 14, e667 (2010).

R. E. Lewis, Résumé of the Siphonaptera (Insecta) of the world. Journal of
medical entomology 35, 377 (1998).

N. Cabanel et al., Plague outbreak in Libya, 2009, unrelated to plague in
Algeria. Emerging infectious diseases 19, 230 (2013).
A. B. Appleby, The disappearance of plague: a continuing puzzle. The
Economic History Review 33, 161 (1980).

K. A. Glatter, P. Finkelman, History of the plague: An ancient pandemic for
the age of COVID-19. The American journal of medicine 134, 176 (2021).

N. C. Stenseth et al., Reply to Alfani: Reconstructing past plague ecology to
understand human history. Proceedings of the National Academy of Sciences
120, e2300760120 (2023).

Libyan Journal of Basic Sciences, Vol: 21, No: 1, P: 38-49, August. 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Identification and morphological characterization .................... Abdulwahed B. Hador

etal

N. Hajipour et al., Hedgehogs (Erinaceus europaeus) as a Source of
Ectoparasites in Urban-suburban Areas of Northwest of Iran. Journal of
Arthropod-Borne Diseases 9, 98 (2015).

V. Mircean, A. Titilincu, C. Vasile, Prevalence of endoparasites in household
cat (Felis catus) populations from Transylvania (Romania) and association
with risk factors. Veterinary parasitology 171, 163 (2010).

M. Gracia et al., Survey of flea infestation in cats in Spain. Medical and
veterinary entomology 27, 175 (2013).

M. W. Dryden, M. K. Rust, The cat flea: biology, ecology and control.
Veterinary parasitology 52, 1 (1994).

M. J. Kenny, R. J. Birtles, M. J. Day, S. E. Shaw, Rickettsia felis in the United
Kingdom. Emerging Infectious Diseases 9, 1023 (2003).

F. Kramer, N. Mencke, Flea biology and control: the biology of the cat flea
control and prevention with imidacloprid in small animals. (Springer Science
& Business Media, 2012).

E. J. L. Soulsby, Helminths, arthropods and protozoa of domesticated animals.
Helminths, arthropods and protozoa of domesticated animals., (1968).

R. Guzman, A survey of cats and dogs for fleas: with particular reference to
their role as intermediate hosts of Dipylidium caninum. New Zealand
Veterinary Journal 32, 71 (1984).

G. Dobler, M. Pfeffer, Fleas as parasites of the family Canidae. Parasites &
Vectors 4, 1 (2011).

G. Kunkle et al., Pilot study to assess the effects of early flea exposure on the
development of flea hypersensitivity in cats. Journal of feline medicine and
surgery 5, 287 (2003).

S. Newbury, K. A. Moriello, Skin diseases of animals in shelters: Triage
strategy and treatment recommendations for common diseases. Veterinary
Clinics: Small Animal Practice 36, 59 (2006).

Y. M. M. El-Barasi, M. W. B. Saaed, Threats to plant diversity in the north
eastern part of Libya (El-Jabal EI-Akahdar and Marmarica Plateau). Journal
of Environmental Science and Engineering A 2, 41 (2013).

A. Yakub, B. Amrito, S. Abdullah, I. K. Saiful, K. M. Uday, Morphological
identification and prevalence of the dog flea Ctenocephalides canis (Curtis,
1826) and the cat flea (Ctenocephalides felis (Bouché, 1835) in Dhaka city,
Bangladesh. ITapasumonozus 54, 163 (2020).

R. E. Lewis, The fleas (Siphonaptera) of Egypt. An illustrated and annotated
key. The Journal of Parasitology, 863 (1967).

Libyan Journal of Basic Sciences, Vol: 21, No: 1, P: 38-49, August. 2023



21.

22.

23.

24,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Identification and morphological characterization .................... Abdulwahed B. Hador

etal

R. E. Lewis, Notes on the geographical distribution and host preferences in
the order Siphonaptera. Part 8. New taxa described between 1984 and 1990,
with a current classification of the order. Journal of Medical Entomology 30,
239 (1993).

L. A. Durden, R. Traub, Medical and Veterinary Entomology. Academic, San
Diego 7, 103 (2002).

E. Zavattari, Prodromo della fauna della Libia. (Tipografia gia cooperativa,
1934).

X. Misonne, Un foyer natural de peste en Libya. Ann. Soc. Belg. Med. Tr. 57,
163 (1977).25. J. Kaal, K. Baker, P. Torgerson, Epidemiology of flea
infestation of ruminants in Libya. Veterinary Parasitology 141, 313 (2006).
M. W. Fathy, S. E. S. Hassan, A checklist of some recorded insects in
Misurata, Libya. Journal of King Saud University-Science 22, 61 (2010).

M. Elsaid, E. EIl-Arifi, A. EI-Buni, The prevalence of ectoparasites on sheep
and goats at EI Khoms region, Libya. J. Am. Sci 9, 359 (2013).

M. Hosni, A. ElI Maghrbi, Ectoparasites infestation of free-ranging hedgehog
(Etelerix algirus) in north western Libya. Open Veterinary journal 4, 12
(2014).

W. Y. M. Belgasm, T. Shaibi, S. Ghana, Flea infestation on small wild
mammals in Gharyan, Northwest Libya. Open Veterinary Journal 12, 17
(2022).

B. Opasina, Ctenocephalides canis infestation of goats. Tropical Animal
Health and Production, (1983).

H. Yacob, T. Yalew, A. Dinka, Part I: ectoparasite prevalences in sheep and in
goats in and around Wolaita soddo, Southern Ethiopia. Revue de Médecine
Vétérinaire 159, 450 (2008).

G. Christodoulopoulos, G. Theodoropoulos, A. Kominakis, J. Theis,
Biological, seasonal and environmental factors associated with Pulex irritans
infestation of dairy goats in Greece. Veterinary parasitology 137, 137 (2006).
M. Gracia et al., Pulex irritans infestation in dogs. Veterinary Record 147,
748 (2000).

B. E. Kumsa, S. Mekonnen, Ixodid ticks, fleas and lice infesting dogs and cats
in Hawassa, southern Ethiopia. Onderstepoort Journal of Veterinary Research
78,1 (2011).

L. A. Durden, T. N. Judy, J. E. Martin, L. S. Spedding, Fleas parasitizing
domestic dogs in Georgia, USA: species composition and seasonal abundance.
Veterinary parasitology 130, 157 (2005).

Libyan Journal of Basic Sciences, Vol: 21, No: 1, P: 38-49, August. 2023



36.

37.
38.

39.

40.

41.

42.

Identification and morphological characterization .................... Ade|Wahed|B- Hador
et al

M. K. Rust, Interhost Movement of Adult Cat Fleas (Siphonaptera: Pulieidae).
Journal of Medical Entomology 31, 486 (1994).

E. Panagiotakopulu, Fleas from pharaonic Amarna. Antiquity 75, 499 (2001).
M. O’Donnell, D. M. Elston, What’s eating you? human flea (Pulex irritans).
Cutis 106, 233 (2020).

A. Azarm et al., Pulex irritans on Dogs and Cats: Morphological and
Molecular Approach. Journal of Arthropod-Borne Diseases 16, 196 (2022).

P. M. Linardi, J. L. C. Santos, Ctenocephalides felis felis vs. Ctenocephalides
canis (Siphonaptera: Pulicidae): some issues in correctly identify these
species. Revista brasileira de parasitologia veterinaria 21, 345 (2012).

A. L. Lawrence et al., Integrated morphological and molecular identification
of cat fleas (Ctenocephalides felis) and dog fleas (Ctenocephalides canis)
vectoring Rickettsia felis in central Europe. Veterinary Parasitology 210, 215
(2015).

K.-S. Ahn et al., Ctenocephalides canis is the dominant flea species of dogs in
the Republic of Korea. Parasites & Vectors 11, 1 (2018).

Libyan Journal of Basic Sciences, Vol: 21, No: 1, P: 38-49, August. 2023



Identification and morphological characterization .................... Ade|Wahed|B- Hador
et al

(b O 5 ) ) (e (e 5 A sl 58 ) gl g Ay il cilieaal)
L - dday gll ddlata

Zaana ) b Juad 5 iy o g9 dana alla oF A dlas daaf T gaa Gually sa) gllae

Lad — eliall ¢ lisall jee dnala cashall 408 () guall ale and!
Lad — el g g iy Aaalas o slall S () aall e o

Al paldiuall

daadie (JalS Jsad cld Guilal) dadaie dAaiaV) Aase G dall A5 e Cuel ) el
et osahll 5 LAl e Y1 5 ) S L (8 Ao la GLLalaS Gl e S IS
aaly ) b ol e Bl 5 Juid el g8 Aalall daaall o Balial) 8 las dege < pda
Ol L Gy A i) (A e Ll e Lgdiay o3 Cae ] ) e g 53 2574 Jlsa g
Jlat Aagus sl dilaia 3 Al 538 6 ja) i Ll b 5 g 55 15 cllia g 591 038 (e
5 N 5 Lkl (e IS Gand o Cua Lad God Jled i) Jiall dihiey el 4
A Laladl) ulS Laiy « 38N 5 Selall (e ) sde JS5 Euel 5l (e 258 56 pen 5 Jeldll
L a5 o3 () %668 5 5583 %32) lally S Lmon o3 ) liael) e )l (e Uil
Oe JS e daw Eua (%79) 4ssis Ctenocephalides canis s 5 (e 8 ) Ledsiai
o ks aliand o s (%21) 4 Pulex irritans S g il Ly Gelal 5 DS
oailbadll JS 3gay cpe gil) SIS dan gl ) sall Cliall (5 jeaal) Gandl el LS DK
Caiaill milie as Liilas 22 Pulex irritanss Ctenocephalides canis cse sill dsdea 5l
Leindle aagy A g Hlayy 5 duda dneaf Lagaal (e il DISE clgle cusal ) A8 il Al
Opand  Allall OSSN An8lSe Gayh e A 5 Lk e Ju ) al jeY) e B
oAV A se Sl bl ) 5 el

Aoy oll dakaia ¢ Cay yd ¢ g allall JSAN SN &ge y el &gy Apalisal) LK)

Libyan Journal of Basic Sciences, Vol: 21, No: 1, P: 38-49, August. 2023



