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Review Article

ABSTRACT

Tungiasis, caused by the female sand flea Tunga penetrans, is a neglected tropical disease that
affects impoverished communities in tropical and subtropical regions. This comprehensive review
discusses the biology, life cycle, epidemiology, clinical presentation, diagnosis, prevention, and
treatment of tungiasis. Tungiasis exhibits a patchy distribution, with higher prevalence rates reported
in rural areas and areas with poor sanitation. Risk factors include poverty, inadequate housing
conditions, and lack of access to proper footwear. The disease primarily affects vulnerable
populations such as children and the elderly, leading to a significant socioeconomic burden. Clinical
presentation of tungiasis involves characteristic lesions with embedded fleas, often leading to
secondary infections, abscesses and ulcerations. Diagnosis is based on clinical examination and
visualization of the flea within the skin lesion. Treatment involves the physical removal of embedded
fleas, management of associated complications, wound care, and prevention of secondary
infections. Prevention and control strategies are crucial in reducing the disease burden. Personal
and environmental hygiene, including regular washing of feet and maintaining clean living
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environments, play a vital role in prevention. Community education and health promotion campaigns
raise awareness and promote behavior change. Vector control measures and integrated approaches
combining multiple strategies are effective in reducing tungiasis prevalence. Although progress has
been made in understanding and managing tungiasis, challenges persist. Further research is
needed to improve diagnostic techniques, enhance treatment options, and address the long-term
consequences of the disease. Community engagement, interdisciplinary collaborations, and
sustainable interventions are essential in controlling tungiasis and improving the health and well-
being of affected populations. By implementing comprehensive prevention and control strategies,
raising awareness, and addressing the socioeconomic impact of tungiasis, we can strive towards
reducing the burden of this neglected tropical disease and improving the lives of individuals and

communities affected by tungiasis.

Keywords: Tungiasis; Tunga penetrans; epidemiology; clinical presentation; diagnosis; prevention;

treatment.
1. INTRODUCTION

Tungiasis, caused by the parasitic flea Tunga
penetrans, is an ectoparasitic disease that
primarily affects resource-poor communities in
tropical and subtropical regions [1]. It is classified
as a neglected tropical disease (NTD), with high
prevalence in certain areas and a significant
impact on public health [2]. Tungiasis, also
known as jigger infestation or sand flea disease,
is characterized by the penetration and
embedding of female fleas into the skin, resulting
in a range of clinical manifestations and
complications [3].

T. penetrans, commonly referred to as the
chigoe flea, belongs to the order Siphonaptera
and is typically found in sandy soil environments
[4]. The flea has a unique abdominal structure
adapted for embedding into the host's
skin, particularly in areas with thin epidermis
such as the toes, soles, and heels [5]. Once
embedded, the flea undergoes a series of
physiological changes to facilitate its feeding,
growth, and  reproduction, leading to
inflammation, pain, and the formation of
characteristic lesions [6].

The life cycle of T. penetrans involves several
stages, including egg, larva, pupa, and adult.
Female fleas require a blood meal to nourish
their eggs and undergo a pre-penetration cycle
before penetrating the host's skin [7]. After
penetration, the flea feeds on the host's blood,
initiating the reproductive cycle and further
development of the larvae [8]. The entire life
cycle occurs within the host's skin, contributing to
the pathogenesis of tungiasis [9]. Environmental
factors such as temperature, humidity, and soil
composition influence the development and
productivity of the flea's life cycle [10].

84

Epidemiologically, tungiasis exhibits a global
distribution, primarily affecting tropical and
subtropical regions. Endemic areas include
countries in Latin America, sub-Saharan Africa,
the Caribbean, and Southeast Asia [11]. The
disease is more prevalent in resource-poor
communities, where factors such as poverty,
inadequate housing, overcrowding, lack of
access to clean water, and poor sanitation
practices contribute to its transmission [12].
Vulnerable populations, including children, the
elderly, and individuals with compromised
immune systems, are at a higher risk of severe
tungiasis and its associated complications [13].

Tungiasis displays seasonal and geographical
patterns, with higher transmission rates observed
during specific periods of the year and in certain
regions. Climate, rainfall, and agricultural
activities can influence the temporal and spatial
distribution of the disease [14]. The
socioeconomic impact of tungiasis is significant,
affecting individuals' ability to work, attend
school, and carry out daily activities. The disease
leads to reduced productivity and economic
losses in affected communities. The cost of
medical treatment, including wound care and
secondary infection ~management, further
exacerbates the economic burden [14].

The control and prevention of tungiasis require a
multi-faceted approach that addresses various
aspects of the disease. Effective control
strategies include improving personal and
environmental hygiene practices, implementing
community education and health promotion
programs, and integrating vector control
measures [8]. Personal hygiene practices, such
as regular washing of the feet and wearing
closed shoes, can significantly reduce the risk of
flea infestation [1]. Environmental hygiene,
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including the removal of organic waste and
regular cleaning of living areas, helps to minimize
the flea's breeding sites [11].

Community education and health promotion
programs play a crucial role in raising awareness
about tungiasis and promoting preventive
measures. These programs provide information
on the importance of personal hygiene, proper
sanitation, and the use of protective footwear [9].
By engaging community members, healthcare
providers, and local authorities, these initiatives
can empower individuals and communities to
take proactive steps in preventing tungiasis [6].

Vector control measures are essential in
reducing the population of fleas in endemic
areas. Environmental interventions, such as the
application of insecticides to breeding sites and
the use of physical barriers, can help to decrease
flea infestation [7]. Integrated approaches that
combine various interventions, such as health
education, improved sanitation, andvector
control, have shown promising results in
reducing the prevalence of tungiasis [3].

In terms of treatment, the primary goal is the safe
and effective removal of embedded fleas. Proper
techniques, such as using sterile instruments and
ensuring complete extraction of the flea, are
essential to minimize the risk of complications
[12]. Management of associated complications,
such as wound care and the prevention of

secondary infections, is also crucial in the
treatment process [14]. Pharmacological
interventions, including the use of topical

insecticides and oral medications,
necessary in more severe cases [13].

may be

Despite ongoing efforts to control tungiasis,
several research gaps and challenges persist.
Further understanding of the flea's life cycle and
biology is needed to develop targeted
interventions [6]. The development of effective

vaccines and novel therapeutics could
provide additional tools for prevention and
treatment [2]. Strengthening epidemiological

surveillance systems is essential for accurate
monitoring, evaluation, and reporting of tungiasis
cases [9]. Additionally, health  system
strengthening and capacity building are
necessary to ensure sustainable control and
prevention programs [3].

In order to effectively address the burden of
tungiasis, a multi-faceted approach is required.
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This includes understanding the biology and life
cycle of T. penetrans, elucidating the
epidemiology and risk factors associated with the
disease, improving diagnostic = methods,
implementing  preventive  measures, and
developing appropriate treatment strategies. A
comprehensive understanding of tungiasis will
aid in the development of evidence-based
interventions that can alleviate the burden of the
disease and improve the health and well-being of
affected populations.

This review serves as a valuable resource for
researchers, public health professionals, and
policymakers working towards the control and
prevention of tungiasis. By expanding our
knowledge of the disease and its various
aspects, this paper aims to contribute to the
development of evidence-based interventions
that can alleviate the burden of tungiasis in
affected communities.

2. BIOLOGY OF TUNGIASIS

Understanding the biology of T. penetrans is
essential for comprehending the pathogenesis of
tungiasis and developing effective control
measures.

2.1 Flea Morphology and Life Stages

Tunga penetrans is a small ectoparasite
belonging to the order Siphonaptera. The adult
female flea measures approximately 1-2 mm in
length and exhibits unique morphological
characteristics adapted for embedding
into the host's skin. The dorsal part of the flea's
body is heavily sclerotized, allowing it to anchor
firmly within the skin [4]. The flea possesses
powerful chelicerae, enabling it to cut through the
epidermal layers and create a lesion for feeding
and reproduction [3].

The life cycle of T. penetrans involves several
stages: egg, larva, pupa, and adult. Following
a blood meal, the female flea lays eggs within the
environment, typically in sandy soil or floors of
houses [8]. The eggs hatch into larvae, which
undergo three larval instars before transitioning
into the pupal stage. Within the pupa,
metamorphosis  occurs, leading to the
emergence of adult fleas [3]. Understanding the
different life stages of T. penetrans is crucial
for comprehending its biology and transmission
dynamics.
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Fig. 1. Female Tunga penetrans [3]

2.2 Parasitic Mechanisms and
Pathogenesis
T. penetrans exhibits unique  parasitic

mechanisms to facilitate its survival, feeding, and
reproduction. The female flea uses its
specialized mouthparts to penetrate the host's
skin, typically targeting areas with thin epidermis,
such as the toes, soles, and heels [6]. Once
embedded, the flea establishes a close
relationship with the host, leading to a range of
pathological changes and clinical manifestations.

During penetration, the flea feeds on the host's
blood, obtaining essential nutrients for its
development and reproduction. The flea's saliva
contains various bioactive compounds that play a
role in blood-feeding and modulating the host's
immune response [3]. The flea releases digestive
enzymes that assist in the breakdown of host
tissues, facilitating the extraction of nutrients [9].
The presence of the flea within the host's skin
triggers an inflammatory response, leading to

symptoms such as itching, pain, and the
formation of a characteristic lesion [3].
2.3Immune Response and Host

Interactions

The host's immune response plays a critical role
in the pathogenesis of tungiasis. Upon the
penetration of T. penetrans, the host's immune
system recognizes the presence of the flea and
initiates a cascade of immune reactions. Innate
immune cells, such as neutrophils and
macrophages, are recruited to the site of
infestation, aiming to eliminate the parasite [9].
The adaptive immune response involving T cells,
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B cells, and cytokines further contributes to the
defense against the flea (Herrero et al., 2013).

However, T. penetrans has evolved strategies to
evade the host's immune system and maintain its
presence within the skin. The flea possesses
molecular adaptations that help it withstand the
host's immune attack, such as the expression of
immunomodulatory molecules and antigenic
variation [3]. Additionally, the flea's ability to
create a fibrous capsule around its body provides
physical protection against immune cells [3].

The immune response and host interactions in
tungiasis can vary depending on the individual's
immune status. Individuals with a compromised
immune system, such as those with human
immunodeficiency virus (HIV) infection or
malnutrition, may exhibit more severe tungiasis
and an impaired ability to control the infestation
[6]. The interaction between the host's immune
system and T. penetrans is complex and
continues to be an area of active research.

3. LIFE CYCLE OF Tunga penetrans

The life cycle of Tunga penetrans, the causative
agent of tungiasis, involves intricate interactions
between the flea and its host. Understanding the
different stages and processes within the life
cycle is crucial for comprehending the
transmission dynamics and implementing
effective control strategies.

3.1 Host-Flea Interactions

The life cycle of T. penetrans is intricately linked
to its host, as the flea requires a blood meal to
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nourish its eggs and ensure its development. The
female flea exhibits a remarkable ability to locate
suitable hosts, often preferring humans, dogs,
pigs, and other domesticated animals [6]. The
host's skin provides a microenvironment for the
flea's development and reproduction, making it a
crucial component of the life cycle.

3.2 Pre-penetration, Penetration, and

Reproductive Cycles

The life cycle of T. penetrans begins with the pre-
penetration cycle, during which the flea prepares
itself for embedding into the host's skin. This
process involves adaptations such as the
secretion of enzymes that break down the host's
skin and the formation of a channel for the flea to
access the blood supply [3]. The pre-penetration
cycle is critical for the flea to establish a
successful infestation.

Following the pre-penetration stage, the flea
proceeds to the penetration cycle, during which it
burrows into the host's skin and creates a lesion
for feeding and reproduction. The flea's
mouthparts, including the chelicerae, enable it to
cut through the epidermal layers and reach the
blood vessels [4]. Once embedded, the female
flea feeds on the host's blood, obtaining the
necessary nutrients for egg development.

The reproductive cycle of T. penetrans occurs
within the host's skin. The flea's reproductive
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organs, including the ovaries and accessory
glands, develop and mature [3]. After feeding
and maturation, the female flea produces eggs
that are deposited in the surrounding
environment or on the host's skin. The number of
eggs laid by a female flea can vary, ranging from
a few to several hundred [9].

3.3 Environmental Factors
Life Cycle

Influencing

The life cycle of T. penetrans is influenced by
various  environmental  factors, including
temperature, humidity, and soil composition.
Optimal conditions for the flea's development
and reproduction are found in warm and humid
climates [8]. Higher temperatures promote faster
development and maturation, whereas extreme
temperatures can hinder the flea's life cycle [7].
Similarly, high humidity levels are conducive to
the survival and reproduction of T. penetrans [3].

Soil composition also plays a role in the flea's life
cycle. T. penetrans thrives in sandy soil, which
provides the ideal environment for the
development of eggs, larvae, and pupae. The
flea's eggs are typically laid in sandy soil or floors
of houses, where they undergo development and
eventually give rise to new fleas [14] The
presence of organic matter, such as animal
feces, may also contribute to the favorable
conditions for the flea's life cycle (10).
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Fig. 2. Diagram showing the life cycle of Tunga penetrans
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Understanding the environmental factors that
influence the life cycle of T. penetrans is
essential for implementing control measures.
Modifying the environment, such as improving
sanitation and reducing organic waste, can help
disrupt the flea's breeding sites and reduce the
risk of infestation [13]. Additionally,
environmental interventions, such as the
application of insecticides, can be employed to
target the fleas at different stages of their life
cycle [2].

4. EPIDEMIOLOGY OF TUNGIASIS

Tungiasis is a neglected tropical disease with a
significant impact on the health and well-being of
affected  populations.  Understanding the
epidemiological aspects of tungiasis is crucial for
implementing effective control and prevention
strategies.

4.1 Global Distribution

Tungiasis is predominantly found in tropical and
subtropical regions of the world, particularly in
sub-Saharan Africa, Latin America, the
Caribbean, and certain parts of Asia [6]. Within
these regions, the disease exhibits a patchy
distribution, with  higher prevalence rates
reported in rural areas and impoverished
communities [9]. The incidence of tungiasis can
vary within countries, with localized outbreaks
occurring in specific regions.

Vulnerable

4.2 Risk Factors and

Populations

Several risk factors contribute to the occurrence
and severity of tungiasis. Poverty, poor
sanitation, inadequate housing conditions, and
lack of access to proper footwear are significant
determinants of the disease [3]. Individuals living
in crowded and unhygienic environments, such
as slums and rural communities, are particularly
vulnerable to tungiasis [7]. Children, the elderly,
and individuals with impaired immune systems,
such as those with human immunodeficiency
virus (HIV) infection, are also at increased risk of
severe infestations [9].

4.3 Seasonal and Geographical Patterns

Tungiasis exhibits distinct seasonal and
geographical patterns in endemic areas. The
disease tends to be more prevalent during the
rainy season when environmental conditions,
such as increased humidity and suitable
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breeding sites, favor the flea's life cycle [8].
Geographically, tungiasis is more common in
areas with sandy soil and warmer climates,
which provide optimal conditions for the flea's
development and survival [6]. However, localized
variations in prevalence and seasonal patterns
can occur within endemic regions.

4.4 Socioeconomic Impact

Tungiasis exerts a significant socioeconomic
burden on affected communities. The disease
affects individuals' quality of life, leading to pain,
discomfort, and functional limitations, particularly
in the lower limbs [12]. Infected individuals may
experience difficulties in walking, working, and
participating in daily activities, resulting in
reduced productivity and economic losses [15].
The disease predominantly affects marginalized
populations, exacerbating existing health
disparities and contributing to the cycle of
poverty [3].

Tungiasis also has implications for education, as
infected children often experience school
absenteeism due to pain and impaired mobility
[12]. The disease can further perpetuate social
stigma  and  discrimination, leading to
psychological distress and diminished social
well-being among affected individuals [7].

The impact of tungiasis extends beyond the
individual level, affecting communities and
healthcare systems. The disease places a
burden on healthcare resources, as affected
individuals require medical care, wound
management, and treatment for associated
complications [3]. The costs associated with the
diagnosis, treatment, and prevention of tungiasis
add to the financial strain on healthcare systems
in resource-limited settings.

5. CLINICAL PRESENTATION
DIAGNOSIS OF TUNGIASIS

AND

Tungiasis presents with a range of cutaneous
manifestations. Prompt and accurate diagnosis is
crucial to initiate appropriate treatment and
prevent complications.

5.1 Cutaneous Manifestations

The cutaneous manifestations of tungiasis
primarily involve the feet, although other parts of
the body can also be affected. The most
characteristic feature is the presence of a small,
black, necrotic central punctum surrounded by a
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whitish halo, representing the flea's body within
the skin [6]. The lesion is typically surrounded by
erythema and may exhibit edema and induration
[3]. Secondary bacterial infections can occur,
leading to the formation of pustules, abscesses,
or ulcerations [4]. In severe infestations, multiple
lesions may be present, and the feet can become
deformed due to tissue destruction and
inflammation.

5.2 Clinical Classification and Staging

Tungiasis can be classified into different clinical
forms based on the severity and extent of
infestation. The classification system proposed
by Feldmeier and Heukelbach includes four
stages:

1. stage 1 — penetration

2. stage 2 - early development

3. stage 3 - late development, and
4. Stage 4 — involution.

This classification system helps in assessing
disease progression and determining appropriate
management strategies [15].

Stage 1 (penetration): This stage is
characterized by the presence of a small,
itching papule at the site of flea penetration.
The central punctum is visible, indicating the
initial infestation.

Stage 2 (early development): In this stage,
the flea undergoes rapid development,
leading to an increase in size and the
formation of a characteristic lesion.
Symptoms such as itching, pain, and
inflammation become more pronounced.

Stage 3 (late development): The lesion
continues to enlarge, and tissue destruction
becomes more evident. The presence of
multiple fleas within the same lesion can
occur. Secondary bacterial infections are
more common in this stage.

Stage 4 (involution): The lesion starts to
resolve, and the flea detaches or is expelled
from the skin. The lesion may heal, leaving a
scar or hyperpigmentation.

5.3 Differential Diagnosis

Tungiasis can mimic various other skin
conditions, leading to misdiagnosis if not
carefully considered. The differential diagnosis
includes conditions such as cutaneous larva
migrans, scabies, ectoparasitic infestations (e.g.,
fleas, ticks), insect bites, bacterial or fungal skin
infections, and foreign body reactions [16]. A
thorough clinical evaluation, taking into account
the characteristic features and patient history, is
essential to differentiate tungiasis from these
conditions.

5.4 Diagnostic Techniques

Diagnosing tungiasis is primarily based on
clinical examination and identification of the
characteristic lesions. Visualization of the flea
within the skin, including the central punctum and
whitish halo, is highly indicative of the disease.
Dermoscopy can be a useful tool to aid in the
visualization of the flea and its associated

structures [17]. In cases where the flea is not
visible, palpation of the lesion may reveal the
presence of a hard body.

Fig. 3. Single legion caused by a mature flea [4]
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Fig. 4. Several vital tungiasis lesions on the first toe [4]

In certain situations, when the diagnosis is
uncertain  or atypical presentations are
encountered, additional diagnostic techniques
may be employed. These can include the use of
microscopy to examine skin scrapings or tissue
biopsies, which can reveal the presence of flea
parts, eggs, or secondary bacterial infections [8].
Polymerase chain reaction (PCR) techniques can
also be utilized for molecular identification of the
parasite in challenging cases [18].

6. PREVENTION AND CONTROL
STRATEGIES FOR TUNGIASIS

Implementing effective prevention and control
strategies is crucial to reduce the burden of the
disease in endemic areas.

6.1 Personal and Environmental Hygiene

Promoting personal and environmental hygiene
practices plays a vital role in preventing
tungiasis. Emphasizing regular washing of the
feet and other susceptible areas with soap
and water helps remove fleas and reduce
the risk of infestation [6]. Keeping the living
environment clean and free from organic debris
such as animal waste, can help reduce the
presence of breeding sites for the fleas [3].
Additionally, maintaining proper sanitation,
including the use of latrines and disposal of
waste appropriately, is essential for preventing
infestations.
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6.2 Community Education and Health
Promotion

Community education and health promotion
campaigns are crucial for raising awareness
about tungiasis, its transmission, and prevention
methods. Targeted educational programs should
focus on high-risk populations, such as children
and individuals living in endemic areas. These
campaigns can utilize various channels, including
schools, community gatherings, and mass
media, to disseminate information about personal
hygiene practices, the importance of wearing
protective footwear, and early detection and
treatment of infestations [9]. Promoting behavior
change through community engagement and
involvement is vital for sustained prevention
efforts.

6.3 Vector Control Measures

Controlling the sand flea population is an
important component of tungiasis prevention.
Several measures can be employed to reduce
the flea burden and interrupt their life cycle.
These include:

Environmental modification: Modifying
the environment to eliminate or minimize
sand flea breeding sites, such as removing
organic debris and improving sanitation
conditions, can help reduce the flea
population [7].
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Use of insecticides: Applying appropriate
insecticides to floors, walls, and other
surfaces can be effective in killing adult
fleas and preventing infestations [15].
However, the use of insecticides should be
done following proper safety guidelines
and considerations for potential health and
environmental impacts.

6.4 Integrated Approaches to Tungiasis
Control

Integrated approaches that combine multiple
control strategies have shown promise in
effectively reducing tungiasis prevalence. These
approaches involve a comprehensive and
multidimensional approach, including education,
hygiene practices, environmental management,
and vector control measures. Integrated control
programs can also address other neglected
tropical diseases and health issues, maximizing
the impact and  cost-effectiveness  of
interventions [8]. Collaboration between health
authorities, community leaders, researchers, and
other stakeholders is crucial for the successful
implementation of integrated approaches.

7. Treatment of Tungiasis

The treatment of tungiasis involves the removal
of embedded fleas and the management of
associated complications. Prompt and
appropriate treatment is essential to alleviate
symptoms, prevent secondary infections, and
promote healing.

7.1 Removal of Embedded Fleas

The primary treatment for tungiasis involves the
physical removal of embedded fleas from the
skin. The extraction process should be
performed using sterile instruments, such as fine-
tipped forceps or needles, to avoid causing
further damage or introducing infections [6]. The
flea is carefully extracted by applying gentle
pressure around the lesion, ensuring complete
removal of the parasite and its associated
structures [3]. It is important to avoid squeezing
or crushing the flea during extraction to prevent
the release of irritating substances into the
surrounding tissues.

Associated

7.2 Management of

Complications

Tungiasis can lead to various complications,
including  secondary infections, abscess
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formation, and ulcerations. The management of
these complications is an integral part of the
treatment process. The following approaches can
be employed:

Wound cleaning: Thoroughly cleaning the
affected area with mild antiseptic solutions,
such as chlorhexidine or povidone-iodine,
helps prevent infection and promote wound
healing [14].

Antibiotics: In cases of secondary
bacterial infections or severe inflammation,
the use of systemic antibiotics may be
necessary. Antibiotics should be selected
based on local antimicrobial resistance
patterns and the individual's specific
clinical condition [15]

7.3 Pharmacological Interventions

Pharmacological interventions may be
considered in the management of tungiasis.
These interventions aim to alleviate symptoms,
reduce inflammation, and prevent secondary
infections. The use of topical corticosteroids can
help reduce itching, inflammation, and
associated discomfort [8]. Analgesics, such as
nonsteroidal anti-inflammatory drugs (NSAIDs),
may be prescribed to relieve pain and
inflammation [7]. However, the wuse of
pharmacological interventions should be guided
by a healthcare professional and individualized
based on the severity of symptoms and the
patient's overall health status.

7.4Wound Care and Prevention of
Secondary Infections
Proper wound care is essential for the

management of tungiasis. After flea extraction,
the wound should be cleaned with mild antiseptic
solutions and covered with sterile dressings to
protect it from further contamination [3].
Dressings should be changed regularly, and any
signs of infection, such as increasing redness,
swelling, or pus, should be promptly addressed
[12]. Keeping the affected area clean and dry is
important to prevent the development of
secondary infections and promote healing.

7.5 Health Education and Follow-up

Health education plays a crucial role in the
treatment of tungiasis. Patients should be
educated on the importance of personal hygiene,
regular foot washing, and the use of protective
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footwear to prevent reinfestation [12]. Proper
follow-up and monitoring are essential to ensure
the effectiveness of treatment, detect
complications early, and provide ongoing support
and guidance [19, 20].

8. CONCLUSION

Tungiasis remains a persistent health problem,
particularly in resource-poor communities.
Addressing the burden of this neglected tropical
disease requires a multifaceted approach that
combines effective prevention and control
strategies with community education and
Stakeholders engagement. By raising
awareness, improving hygiene practices,
implementing vector control measures, and
providing appropriate treatment, we can work
towards reducing the prevalence and impact of
tungiasis, ultimately improving the health and

well-being  of affected individuals and
communities.
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