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Introduction

Pulex irritans Linnaeus is commonly known as the human
flea owing to its general association with humans, with
human dwellings, and with pets and other animals in close
association with humans. In fact, this species has been
found associated with human archaeological sediments

in Europe and Greenland, underscoring the long-term
correlation between humans and this flea (Buckland and
Sadler 1989). The human flea is cosmopolitan (Mullen and
Durden 2019, Gage 2005, Marquardt et al. 2000), but is
found in highest abundance in areas where it can readily
find mammalian hosts. Though its relative abundance and
overall medical importance is disputed, this flea has been
implicated as a potentially important vector of the human
pathogens causing plague and murine typhus as well as
serving as a potential vector of a tapeworm known to
parasitize humans (Eldridge and Edman 2004). This review
is intended for a general audience interested in understand-
ing the biology, ecology, and medical importance of the
human flea.

It should be noted that this species is not known to have an
established distribution that currently includes Florida, but
rather is often confused with a closely related species (Pulex
simulans). Because of the uncertainty of identification of
these species in the literature (Lareshci et al. 2018), along
with the cosmopolitan nature of P, irritans, and reported
cooccurrence of these species elsewhere (Hass and Wilson
1967) and in the nearby state of Georgia (Durden et al.
2012), this article is relevant to extension entomology in
Florida.

Synonymy

Pulex irritans Linnaeus (1758) has several published
synonyms (GBIF Secretariat 2019; ITIS Taxonomic Serial
No. 189332):

Pulex vulgaris De Geer, 1778

Pulx conepati Cunha, 1914

Pulex irritans bahiensis Cunha, 1914
Pulex irritans fulvus Loff, 1929
Pulex fulvus Loft, 1929

Pulex orientalis Kishida, 1939
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Pulex irritans historically was confused in the literature
with the closely related Pulex simulans. In fact, Jordan
and Rothschild (1908) include Pulex simulans with Pulex
irritans (Pulex irritans, var. simulans Baker). However,
the species confusion was addressed by Smit (1958), who
returned Pulex simulans to species status.

Distribution

The distribution of Pulex irritans is reported to be cosmo-
politan (Mullen and Durden 2019, Gage 2005, Marquardt
et al. 2000). The Global Biodiversity Information Facility
(GBIF 2021) includes over 1,000 results of the species from
1960-2020, with most reports associated with temperate
areas. Minimal records are reported in Asia, and there are
clusters of records in northern and central Europe. In North
America, most recent records are west of the Mississippi
River in the United States, though eastern US accounts also
exist (Benton 1980), with both Pulex irritans and Pulex
simulans reportedly co-occurring geographically (Durden
et al. 2012). South America, on the other hand, has few
records, though biogeographical studies have suggested that
the flea may have originated in Central and South America
(Buckland and Sadler 1989), a contention currently under
investigation using molecular techniques (Zurita et al.
2019). Because the distribution map is based on georefer-
enced records, it is unknown if geographic gaps are a result
of inhospitable habits or are simply a reflection of limited
reporting for this species. For example, records in the GBIF
(2021) database (Figure 1B) are largely absent from Africa,
though Pulex irritans is known to occur in many areas

of the continent (Laudisoit et al. 2007, Eisen et al. 2009),
suggesting that the distribution of this flea species is likely
more expansive than suggested by reported location records
(Figure 1).

Description
Egg

The eggs of Pulex irritans are small and pearl white in

color (Wyrwa 2011). The egg is approximately 0.5mm in
diameter and morphologically similar from other fleas, and
hence is not useful for unique identification of the species.

Larva

The larvae of Pulex irritans are elongated and grub-like

in appearance with two small posterior hooks and 13
segments. They are whitish to pale tan in appearance and
lack legs. Larvae have few, small setae (bristles) on the body
and have a sclerotized (hardened and helmet-like) head, but
have no eyes (Wyrwa 2011, Marquardt et al. 2000).

A

Figure 1. Estimated distribution of Pulex irritans Linnaeus, 1953. Overall
geographic distributions are shown in orange highlights and are
based on database mining of location records (A). Specific collection
locations are reported from 1960-2020 (B). The overall estimated
distribution map is by the Centre for Agriculture and Bioscience
International, United Kingdom (A), with specific locations from Global
Biodiversity Information Facility (B).

Credits: undefined

Pupa

The pupae of Pulex irritans are completely inactive and
are covered by a loose, silken cocoon. The cocoon itself
is initially sticky and allows for environmental debris to
adhere to the surface, thus providing some amount of
camouflage (Wyrwa 2011, Marquardt et al. 2000).

Adults

Pulex irritans appear as typical, light-brown fleas, with
adults averaging 2-3mm in length and males (range
2.0-2.5mm) averaging slightly smaller than females (range
2.5-3.5mm) (Wyrwa 2011, Marquardt et al. 2000). The
fleas are laterally compressed (flattened from side-to-side),
allowing them to travel through the thick hairs of their
hosts more easily. Additional features of this flea that allow
for ready identification include a rounded head, absence
of a hardened ridge on the mesopleuron (plate over the
second pair of legs) to differentiate it from the Oriental rat
flea (Xenopsylla cheopis) (Cross, 2021), presence of a single
bristle under the eye (ocular bristle), the lack of combs
(thickened bristles) below the eyes (the genal comb) and
behind the head (the pronotal comb), and a distinctive,
comma-shaped spermatheca (sperm storage vessel) in the
posterior abdomen that can be observed when a female
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specimen is cleared and mounted for examination under a
light microscope (Figure 2). Males have a noticeable sexual
apparatus (the aedeagus) that is readily visible through the
examination of a microscopically prepared flea (Figure 3).
It is noted that morphological differences between Pulex
irritans and the closely related Pulex simulans make differ-
entiating these two species problematic, though Smit (1958)
highlights important differences in the male aedeagus.
When males of Pulex simulans are detected morphologi-
cally, it is then assumed that the females found on the same
animal are also of this species, as indicated by Eads et al.
(2015). Genetic markers have been investigated to aid in the
differentiation of Pulex species as well (Kearl 2013).

Figure 2. Morphological features of Pulex irritans Linnaeus, 1753.
Distinctive features include a rounded head, absence of genal and
pronotal combs, absence of a mesopleural ridge (differentiates this
species from Xenopsylla cheopis), and presence of a singular ocular
bristle (A). Further, females of this species can be identified by the
comma-shaped spermatheca (B); note that the spermatheca is
normally positioned in the posterior abdomen as indicated by the
dotted arrow.

Credits: Ken Walker, Museum Victoria
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Figure 3. Lateral view of Pulex irritans Linnaeus, 1753. A typical adult
female specimen (A) and a typical adult male specimen (B) are shown;
note the distinctive and readily visible aedeagus (male sexual organ)
clearly visible in (B). Note the difference in the scale, indicating that
the female flea is typically larger than the male.

Credits: Ken Walker, Museum Victoria

Life Cycle and Biology

All fleas exhibit holometabolous development (i.e.,
complete metamorphosis) that consists of an egg stage,
larval stage, pupal stage, and then a final transformation to
become the adult flea. The developmental cycle of fleas is
environmentally influenced, with egg-to-adult development
of the human flea averaging 63-77 days (Marquardt et al.
2000). A generalized life cycle diagram is shown in Figure
4.

Pupa

Figure 4. Generalized flea life cycle showing all developmental stages,
clockwise from egg to adult.

Credits: Photographs in the public domain and adapted from Cross et
al. (2021)

Egg

Eggs of Pulex irritans Linnaeus are laid off the host mam-
mal within the nest environment. Marquardt et al. (2000)
suggest an average length of time for egg development to be
7-10 days at 25°C, whereas Wyrwa (2011) suggests 4-6 days.
Clearly, there is some relationship of egg developmental
time in relation to environmental temperature and humid-
ity, such that warmer temperatures and higher humidity
result in shorter developmental time, as suggested for other
nest fleas (Cross et al. 2021).

Larva

There are three larval molts in Pulex irritans Linnaeus,
with feeding on blood-rich excreta required for growth and
development (Marquardt et al. 2000). Larva development
averages 11 days (Wyrwa 2011) and ranges from 9-15 days
at 25°C but can last as long as 200 days in low-temperature
environments (Marquardt et al. 2000).

Pupa

The pupae of Pulex irritans are non-feeding and remain
dormant for approximately one week before emerging

as adults; however, this time in inversely proportional to
temperature and can last for up to 300 days under very cold
conditions (Marquardt et al. 2000).
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Adult

Pulex irritans has similar adult biology and ecology as
many other nest fleas. Reproduction occurs when male
fleas make contact with the maxillary palps of the female
for identification, after which the male will grasp the female
and move into position for insemination to occur. The
spermatheca (Figure 2B) receives, maintains, and releases
sperm to fertilize eggs (Pascini and Martins 2017; Wyrwa
2011). Marquardt et al. (2000) report as many as 448 eggs
produced over a period of 196 days, making fecundity
somewhat low, with an average of 2-3 eggs per day. Though
longevity of the flea is quite variable, it has been reported
that the human flea can live over a year, assuming adequate
food is available (Wyrwa 2011).

Pulex irritans are more often found in the nests and bur-
rows of their hosts as opposed to directly on their hosts,
unless feeding. In fact, it is this behavior that makes them
nuisance species to humans, as they often seek shelter in
human homes and outbuildings, particularly in areas where
there is close contact between humans and animals, and

in which animals may spend time in and around the home
(Marquardt et al. 2000).

Medical Significance

Pulex irritans has been implicated as a potential vector of
several disease pathogens of medical importance. However,
as is common with most flea species, nuisance biting
resulting in red papules and dermatitis is quite common in
areas with high flea burdens and in locations where humans
and animals cohabitate (Mullen et al. 2000, Marquardt et al.
2000). It is the nuisance-biting behavior, however, that can
potentially lead to infection with pathogens.

There is long-standing debate on the flea species that have
historically played important roles in the transmission

of the plague bacterium (Yersinia pestis) that devastated
Europe and Asia, and continues to cause local outbreaks in
Africa, Asia, South America and the western U.S (Mullen
and Durden 2019). Though the Oriental rat flea (Xenopsylla
cheopis) is thought to have played a major role in this regard
(Cross et al. 2021), the human flea is thought to be a major
contributor in some parts of the world (Eldridge and Ed-
man 2004). In fact, the close association of this flea species
to humans and human dwellings provides a compelling
case for consideration. Eisen et al. (2009) suggest that Pulex
irritans should be investigated as a potentially important
plague vector, particularly given its reported distribution in
endemic plague areas of Africa (e.g., Tanzania, Kenya, and
the Democratic Republic of Congo). However, Miarinjara
et al. (2021) found in their laboratory studies that Pulex
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irritans is a relatively poor vector of the plague bacterium
in general and is an especially poor vector when the flea
feeds on bacteremic human blood (i.e., human blood that
is infected with the bacterium). Further studies are needed
to confirm any potential role of this flea species in the
transmission of the plague bacterium.

Another important consideration is the disease caused

by the bacterium Rickettsia typhi. This disease is more
commonly known as murine typhus or flea-borne typhus,
though Mullen and Durden (2019) also suggest several
common names, such as endemic typhus, rat typhus,
Mexican typhus, urban typhus, and shop typhus. This
bacterium is generally transmitted to humans through
flea feces that is infected with the pathogen and can enter
the body through scratching it into cuts and abrasions of
the skin, and mucous membranes. Because this disease

is endemic in many rat species, Pulex irritans can obtain
the pathogen through feeding, making it a potentially
important vector species of this zoonotic disease. Murine
typhus infections result in flu-like symptoms (e.g., fever,
chills, nausea, coughing) that may self-resolve, but in some
cases may lead to organ failure and prolonged morbidity
(CDC 2020).

Finally, many fleas can serve as intermediate hosts to
certain helminth species (Mullen and Durden 2019). Pulex
irritans has been implicated as an important intermediate
host for the double-pored (or dog) tapeworm (Dipylidium
caninum). Flea larvae consume egg packets from this
parasite when encountered in the environment. When the
eggs mature to an infective stage, adult fleas can transmit
the tapeworm if they are inadvertently consumed, which
happens most often when children accidentally ingest fleas
that they contact in the home environment or from pets.
The disease condition in humans is called human dipylidia-
sis (CDC 2019) and is documented in case reports in the
medical literature (Narasimham et al. 2013, Cabello et al.
2011, Molina et al. 2003). Most cases of human infection
by this helminth are rare and largely asymptomatic but

are otherwise readily treated with Praziquantel and other
helminth medications (CDC 2019).

Hosts

There are many species that can serve as hosts to Pulex
irritans. These include domestic animals such as dogs and
cats, rodents, swine, pigs, carnivores, and humans (Mullen
and Durden 2009, Marquard et al. 2000). Christodoulopou-
los et al. (2006) discusses the importance of dairy goats as
hosts in Greece, along with dogs associated with goat herds.



Economic Importance

The ultimate cost of flea-borne diseases is the potential loss
of human life. Fortunately, treatments for both plague and
murine typhus are readily available through use of antibiot-
ics such as doxycycline (Maurin and Raoult 2017). Should
plague become pneumonic or septicemic, healthcare

costs can exceed $70,000 for plague (Cross et al. 2021).
Additionally, average costs for treatment of murine typhus
in the healthcare setting averages nearly $17,000 (Vohra et
al. 2018).

Management

Management of Pulex irritans Linnaeus requires control of
all life stages of the flea, or there is high risk of reinfesta-
tion. Because this flea is found in nests, burrows, and the
cracks and crevices of human dwellings, treatment must be
designed to penetrate these hard-to-reach areas. In homes
with pets, it is important to ensure that dogs and cats are
properly treated to reduce their flea burden. Marquardt et
al. (2000) suggests vacuuming carpets, cleaning bedding,
and cleaning furniture as important management strategies,
along with use of flea collars on pets. In areas with urban
small mammal pests or in wild populations, host reduction
programs through trapping may be useful to reduce flea
populations by removing available hosts. According to
Boase et al. (2014), there is no single management strategy
for fleas, and many attempts at control are only temporary.
These authors suggest that residual spraying of insecticides
using pyrethroids or insect growth regulators may be
useful; however, insecticide resistance in fleas is widespread
(Rust 2016). There are some reports of potential flea
biocontrol strategies using pathogenic fungi (e.g., Beauveria
bassiana) that have shown promise (Eads et al. 2021). Also,
certain nematode species (e.g., Steinernema feltiae) have
shown success at flea control (Samish et al. 2020). Further
research specific to the management of Pulex irritans is
needed.
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