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Abstract Tungiasis, caused by the sand flea Tunga
penetrans, is a health problem in many impoverished
communities in Latin America, the Caribbean, and sub-
Saharan Africa. Sand flea disease is associated with a broad
spectrum of clinical and histological pathology. The factors
determining the disease burden in endemic communities are
not well understood, and severity of clinical pathology has
never been assessed quantitatively. Thus, two severity
scores were developed: one for acute disease and one for
chronic sequels. These scores were evaluated in a cohort of
70 severely infested patients living in a shantytown in
Fortaleza, a capital city in Northeast Brazil. Patients were
examined during a period of 25 days and followed-up after
a twice daily application of a plant-based repellent to
prevent reinfestation. The severity score for acute disease
symptoms significantly correlated with the infestation rate
and the number of embedded fleas. It turned zero when
reinfestation was prevented. The score for chronic disease
also significantly correlated with the infestation rate.
Tungiasis is associated with considerable acute and chronic
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morbidity. The degree of acute morbidity is directly related
to the number of embedded sand fleas. When transmission
is interrupted, the chronic morbidity reflects the infestation
rates individuals have experienced in the past.

Introduction

The penetration of the female sand flea Tunga penetrans into
the upper layers of the skin with the subsequent development
of a “neosome” is called tungiasis. The ectoparasitosis is
confined to the tropics and subtropics and mainly affects
impoverished populations living in urban squatter settle-
ments, in villages in the rural hinterland, and in traditional
fishing communities along the littoral (Ade-Serrano and
Ejezie 1981; Carvalho et al. 2003; Chadee 1998; Feldmeier
et al. 2003; Muehlen et al. 2003; Wilcke et al. 2002).

In these resource-poor settings, tungiasis causes a broad
spectrum of clinical pathology, such as intense inflammation
of toes and heels, formation of ulcers and fissures, abscesses
and suppuration, as well as deformation and loss of nails
(Bezerra 1994; Falkenstein 1877; Feldmeier et al. 2003;
Gordon 1941; Valenca et al. 1972). Tetanus, gangrene, and
even autoamputation of digits are known sequels of tungiasis
(Heukelbach et al. 2001; Joyeux and Sicé 1937; Litvoc et al.
1991; Schweizer 1952; Soria and Capri 1953). Death caused
by septicemia and tetanus has been described recently in
heavily infested individuals from Haiti (Joseph et al. 20006).

In the endemic area, constant reinfestation is the rule,
and individuals may experience up to ten newly embedded
sand fleas per day (Feldmeier et al. 2006a). Preliminary
findings suggest that the accumulation of parasites at
certain predilection sites is a risk factor for the development
of severe disease (Feldmeier et al. 2003). The correlation
between the infestation rate and the number of embedded
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fleas has been shown previously (Feldmeier et al. 2006a).
To assess the association between the degree of infestation
and morbidity, we developed severity scores for acute and
chronic clinical pathology in patients with tungiasis. The
score for acute disease significantly correlated with the
number of embedded sand fleas and the infestation rate
became zero when reinfestation was prevented by a
repellent. The score for chronic pathology correlated also
with the number of embedded fleas.

Materials and methods
Setting

The study was realized in five neighborhoods of the favela
Vicente Pinzén, namely Luxou, Morro do Sandra’s, Favela
das Placas, Morro da Vitoria, and Novo Rumo, an
agglomeration of urban squatter settlements in Fortaleza,
Northeast Brazil.

Fortaleza is the capital of Ceara State and has about three
million inhabitants. The social and economic characteristics
of the favela have been described previously (Heukelbach
etal. 2003). In brief, the community is characterized by poor
housing, crowding, precarious hygienic conditions, and a
high rate of illiteracy and unemployment. Few houses have
a concrete floor. Stray dogs and cats as well as rats are seen
everywhere. Crime, alcoholism, adolescent prostitution, and
domestic violence are major social problems, and most
inhabitants are desperately poor. The prevalence of parasitic
skin diseases such as pediculosis, scabies, tungiasis, and
cutaneous larva migrans is high (Heukelbach et al. 2004,
2005a,b).

Study cohort

As part of an intervention study on the efficacy of a plant-
based repellent, 79 individuals were identified in the five
neighborhoods who had at least ten embedded sand fleas or
sand flea lesions manipulated with a perforating instrument
at the recruitment examination. Individuals were eligible for
the study, provided they planned to reside in their present
domicile for the next 14 weeks. Individuals with deeply
ulcerated lesions requiring antibiotic treatment were not
eligible. As heavy infestations are predominantly seen in
children 5 to 15 years (Muehlen et al. 2003), this age group
was disproportionably highly represented in the cohort.
Cohort members were visited twice a week for a period of
14 weeks (July 15 to October 21, 2003).

Baseline examinations were carried out during a period
of 25 days followed by 10 weeks of intervention. Final
assessment was done immediately after cessation of
intervention. In total, each patient was visited 25 times.
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Clinical examination

Tungiasis lesions were classified according to the Fortaleza
Classification, a recently elaborated staging system (Eisele
et al. 2003). The following findings were considered
diagnostic for tungiasis:

— Flea in statu penetrandi (stage I)

— A dark and itching spot in the epidermis with a
diameter of 1 to 2 mm, with or without local pain and
itching (early lesion, stage II)

— Lesions presenting as a white halo with a diameter of 3
to 10 mm with a central black dot (mature egg-
producing flea, stage III)

— A brownish-black circular crust with or without
surrounding necrosis of the epidermis (dead parasite,
stage IV)

Lesions altered through manipulation by the patient (such
as partially or totally eliminated fleas leaving a characteristic
crater-like sore in the skin) and suppurative lesions caused
by the use of nonsterile perforating instruments such as
needles and thorns, were documented as well.

The exact topographic localization of each lesion, its stage,
and appearance were documented on a visual record sheet.
Since more than 90% of sand flea lesions are found at the feet,
ectopic localizations were not recorded (Heukelbach et al.
2002). The surface of each foot was divided into nine
topographical areas, in which sand fleas mainly penetrate
(Chadee 1998; Heukelbach et al. 2002; Muehlen et al. 2003):
toe one to five, sole, lateral, and medial foot rim and heel,
giving a total of 18 topographical areas for both feet.

The following symptoms and signs were noted: erythema,
edema, pain, and warmness as signs of acute inflammation;
pustule, abscess, and superficial suppuration as signs of
superinfection; fissure and ulcer as skin defects related to
tungiasis lesions or to manipulation of lesions reaching to the
upper dermis; lesion in clusters, a dense accumulation of
embedded sand fleas and therefore a sign of severe disease;
nail deformation being alterations of the surface of the nails
as can be seen in Figs. 1 and 2; nail loss caused by
destruction of the nail bed; toe deformation due to chronic
edema and/or constrictions caused by cicatrices; itching and
sleep disturbance due to itching, pain upon pressure, pain
while walking, or persistent pain as reported by the patient
and difficulty walking as an altered gait observed by the
examiner. These clinical alterations are characteristic find-
ings in the different stages of the disease (Eisele et al. 2003;
Feldmeier et al. 2003).

Infestation rate

The individual infestation rate was determined by dividing
the number of newly embedded sand fleas diagnosed at an
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Fig. 1 Right foot of a patient shows: edema and erythema at the first
and fifth toe, clusters of embedded sand fleas at the first and fifth toe
(SSAT of 1.5 points). There is deformation of the fifth toe, nail
deformation at the first, second, and third toe, loss of nail at the fifth
toe, hypertrophic nail rim at the first, second, and third toe (SSCT of
5.0 points)

examination through the number of days passed since the
last examination (Feldmeier et al. 2006a).

Severity score

Since the natural history of tungiasis is well known and can
be divided into acute disease and chronic sequels (Eisele
et al. 2003), two severity scores were elaborated: one for
acute disease and one for chronic disease manifestations.
Symptoms and signs used to determine the severity score
for acute tungiasis (SSAT) were divided into two categories
as summarized in Table 1. The first category comprised
variables that can be associated with individual sand flea

Fig. 2 Right foot of another patient: edema and erythema at first and
third toe, honeycomb-like lesions at first toe (SSAT of 1.5 points).
Score of chronic disease: nail deformation and toe deformation of the
first toe due to chronic edema (SSCT of 1.5 points)

lesions or with a group of lesions in a defined topographic
area. According to the number of topographic areas
affected, 0.5 to 3 points were assigned to these variables.
The second type of variables included symptoms and signs
which cannot be localized precisely or which affect the
well-being of the patient in a more general manner. Itching
was included in this category because, similar to other
parasitic skin diseases such as scabies and pediculosis, the
pruritus is not confined to the single lesions (Heukelbach
and Feldmeier 2006; Sténder et al. 2006). According to the
relative importance of the variables, 0.5 to 3 points were
assigned to these characteristics. Thus, the SSAT has a
maximum of 24 points, and due to its weighted composi-
tion of variables, reflects the degree of acute clinical
pathology in a balanced manner. Examples of symptoms
and signs of acute disease are shown in the Figs. 1, 2 and 5.

Table 1 Severity score for acute tungiasis disease (SSAT)

Signs and symptoms Points attributed

According to the number of topographic areas affected
Edema, erythema, warmness®

1-6 0.5
7-12 1
13-18 2
Ulcer

1-6 1
7-12 2
13-18 3
Fissure

1-6 1
7-12 2
13-18 3
Pustule, abscess®

1-6 1
7-12 2
13-18 3
Suppuration

1-6 1
7-12 2
13-18 3
Lesions in clusters®

1-6 1
7-12 2
13-18 3
Irrespective of the number of topographic areas affected
Itching 0.5
Sleep disturbance due to itching 0.5
Pain upon pressure 1
Pain while walking 1
Persistent pain 1
Difficulty walking® 3

#Sign alone or in combination

® Dense accumulation of embedded sand fleas, also described as
“honeycomb-like lesion” (Valenga et al. 1972)

¢ Difficulty walking was defined as an altered gait pattern, caused by
the attempt to alleviate the pain while walking.
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Table 2 Severity score for chronic tungiasis disease (SSCT)

Signs and symptoms Points attributed

According to the number of topographic areas affected
Hyperkeratosis®

1-5 1
6-10 2
11-16 3

According to the number of toes affected

Hypertrophic nail rim: 0.5 points for each toe 0.5-5
Deformation of toe nail: 0.5 points for each toe 0.5-5
Loss of toe nail: 1 point for each toe 1-10
Deformation of toe®: 1 point for each toe 1-10

#Because of the difficulty to differentiate between physiological and
tungiasis-associated hyperkeratosis, it was not taken in account when
present at the sole.

° Deformation due to chronic edema and/or constrictions caused by
cicatrices.

Signs and symptoms that contributed to the severity
score for chronic tungiasis (SSCT) are outlined in Table 2.
The following were considered as chronic signs of
tungiasis: nail deformation being alterations of the nail
surface as seen in Figs. 1 and 2 or the complete loss of the
toe nail due to destruction of the nail bed by tungiasis
lesions, hypertrophy of the nail rim typical for tungiasis,
and deformation of toes due to chronic edema and/or
constrictions caused by cicatrices as shown in Figs. 2 and 3.
The chronic sequels, which are confined to the toes, such as
deformation or loss of toenails, can take values of either 0.5
or 1 point for each toe. The SSCT can vary between 0 and
33 points.

Intervention

After 25 days of base-line observation, an intervention was
carried out to prevent reinfestation using a repellent based

Fig. 3 Right foot of a patient: toe deformation due to cicatrice (SSCT
of 1 point)
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Table 3 Demographic and parasitological characteristics of the study
patients (n=70)

Variable

Age in years (median and range) 8 (1-76)
Female/male 32/38
Total number of lesions per patient 28 (18-41)
(median and range)

Viable lesions (stages I-1II) 13 (9-21)
Dead lesions (stage IV) 5 (1-8)
Manipulated lesions 4 (2-7)

Ratio viable lesions/total number of lesions®
Number of lesions occurring in clusters

0.78 (0.64-0.88)
40/70 (57%)

Number of lesions indicates the median value of several examinations
during a 25-day observation period.
#Manipulated lesions excluded

on coconut oil (Zanzarin®). The repellent was applied
twice a day on the feet of the patients by a community
health worker. Regular application of the repellent during a
period of 4 weeks reduced the infestation rate by 90%
(Feldmeier et al. 2006D).

Statistics

As the variables assessed were not normally distributed and
variances varied considerably, the median and the interquar-
tile ranges were used to indicate the average and dispersion
of data. The Spearman rank correlation coefficient was
calculated to assess the significance of the association
between the severity scores and intensity of infestation and
infestation rate, respectively. To compare data before and
after intervention, the median of each variable was deter-
mined for each patient during the base line and the
postintervention period. Significance of differences was
assessed by the Wilcoxon matched pairs signed rank test.

Table 4 Clinical pathology and severity scores in the 70 study
patients

Type of clinical pathology N (%)

Deformation of toe nail 68 (98)
Signs of chronic inflammation® 67 (96)
Signs of acute inflammation® 63 (90)
Ulcer 50 (71)
Fissure 42 (60)
Signs of superinfection® 28 (40)
Difficulty walking 21 (30)
Loss of toe nail 13 (19)

# Hyperkeratosis and/or hypertrophic nail rim of at least one toe with
or without deformation of digit

" Erythema, edema, warmness

¢ Suppuration, pustule or abcess
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Ethics

The study was approved by the Ethical Committee of the
Federal University of Ceara State, Fortaleza, Brazil. Before
the study, meetings with community health workers,
community leaders, and members of the neighborhood
associations were held, during which the objectives of the
study were explained. Written consent was obtained from
each study participant or, in the case of a minor, by his/her
guardian. Participants could withdraw from the study at any
time without any disadvantage.

Results

A total of 79 individuals from 34 families were enrolled in
the study. Nine patients were excluded because they were
not encountered at home for at least two consecutive
examinations during follow-up. The demographic and
parasitological characteristics of the remaining 70 patients
are summarized in Table 3. Clinical pathology and the
severity scores are detailed in Table 4.

There was an increasing tendency of the SSAT with age
(Fig. 4). Whereas in younger children, relatively mild acute
inflammation was accompanied by rather strong pain and
difficulty walking, in children older than 5 years acute
inflammation-related signs were much more impressive, but
pain and difficulty walking seemed less severe. The
correlation of age and the SSAT was not significant

(p=0.73).

Fig. 4 Severity score for acute 9

Table 5 Severity scores before and after application of a repellent
during a period of 4 weeks (n=57)

Variable Baseline After P-
Median intervention value
(IQR) Median
(IQR)
Number of embedded 28 (18-41) 3 (0.75-7) <0.001
sand fleas
Infestation rate 2.2 (1.5-33) 0.25 (0-0.5) <0.001
SSAT 5.8 (4.0-8.9) 0.0 (0.0-0.9) <0.001
SSCT 6.0 (3.5-9.0) 6.3 (4.0-9.5) 0.71

Data indicate the medians and interquartile ranges (IQR).

When reinfestation was prevented by the daily applica-
tion of the repellent during a period of 4 weeks, the
infestation rate decreased by 93%. This was paralleled by a
drastic reduction of the SSAT, but not of the SSCT
(Table 5). The photographs of patient A.E., taken between
August 11, 2003 (last base-line examination) and Septem-
ber 4, 2003 (after 24 days of repellent application; Figs. 5,
6, 7 and 8) show vividly that signs of chronic pathology
remained present, whereas signs of acute inflammation
almost completely disappeared.

Both severity scores significantly correlated with the
infestation rate at baseline (p=0.44; p<0.001 and p=0.50;
p<0.001, respectively; Figs. 9 and 10). After 4 weeks of
prevention of reinfestation, the SSCT still significantly cor-
related to the infestation rate at baseline (p=0.35;
p=0.008). Clearly, no such correlation was observed for
the SSAT (p=0.06; p=0.67).

tungiasis (SSAT), stratified
according to age. The SSAT is

also divided up into symptoms
(itching and pain) including dif-

ficulty walking (as it is mainly 7
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sures, and lesion clusters) 6 ¥
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Fig. 5 Right foot of a patient: severe tunigasis in a 4-year-old boy at
baseline. Edema and erythema toes one, two, three, and five,
honeycomb-like lesion at the fifth toe, suppuration at the fifth, and
fissure at the second toe (SSAT as far as it can be seen in the picture:
3.5 points). Hyperkeratosis, hypertrophic nail rim in toes one to three,
toe deformation in toes one, three and five, and nail deformation in all
toes (SSCT: 8 points)

Discussion

Tungiasis is associated with a broad spectrum of acute and
chronic clinical morbidity. Especially the elder literature
abounds with reports on debilitating conditions such as
ulcers, abscesses, phlegmone, gangrene, lymphangitis,
osteomyelitis, fasciitis, deep mycosis, ascending neuritis,
and tetanus (Casala et al. 1954; Soria and Capri 1953;
Tonge 1989). Also, more recent publications underline the
extensive morbidity caused by embedded sand fleas, mostly

Fig. 6 The same child as in Fig. 5 after 7 days of application of a
repellent. Edema and erythema on the first and fifth toe, honeycomb-
like lesions at the fith toe (SSAT: 1.5 points). Hyperkeratosis,
hypertrophic nail rim at toes one to three, nail deformation of all five
toes, and toe deformation of toes one, three, and five (SSCT: 8 points)
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Fig. 7 The same patient as in Fig. 5 after 10 days of repellent
application. Edema and erythema in the fifth toe (SSAT 0.5 points).
Hyperkeratosis, hypertrophic nail rim in toes one to three, nail
deformation in all five toes, and toe deformation of toes one, three,
and five (SSCT: 8 points)

being the consequence of superinfection with pathogenic
microorganisms. From a tungiasis outbreak in Haiti, three
cases of death were reported to be caused by tetanus and
severe superinfection (Cardoso 1990; Feldmeier et al. 2002;
Joseph et al. 2006; Linardi 1995, 1998).

A particular finding in our study are “honeycomb-like
lesions”, clusters of up to 27 embedded sand fleas

Fig. 8 The same patient as in Fig. 5 after 24 days of repellent
application (SSAT: 0 points). Hypertrophic nail rim in toes one to
three, nail deformation in all five toes, and toe deformation of toes
one, three, and five (SSCT: 7 points)
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Fig. 9 Correlation between the 14 4
severity score for acute tungiasis *
(SSAT) and the infestation rate *
(newly embedded sand fleas per 121 * *
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(unpublished observation) on a small space often located at
the heel and accompanied by necrosis of the surrounding
tissue (Cardoso 1990; Karsten 1865; Linardi 1998). It has
been suggested that these clusters are related to the
reproductive biology of 7. penetrans enabling a single male
to fertilize several embedded females within a short period
of time (Geigy and Suter 1960). The pathophysiological
mechanisms of other alterations are not understood, such as
deformation and loss of toenails, hyper- and parakeratosis,
as well as hypertrophy of the nail rim (Casala et al. 1954;
Soria and Capri 1953). Autoamputation of digits has been
observed in single cases and is thought to result from
necrosis of bone and ligament tissue (Gordon 1941; Linardi
1998). Difficulty walking is the consequence of persistent
pain and is known since the first descriptions of the disease
(Cotes 1899; Gordon 1941; Jolly 1926; Linardi 1998).

Fig. 10 Correlation between the o5
severity score for chronic
tungiasis (SSCT) and the infes-
tation rate at baseline (p=0.50;
p<0.001) 20
15
[
O
7]
7]
10 -
5 4
0 T

Infestation rate

Surprisingly, it has never been attempted to assess the
clinical pathology of acute and chronic tungiasis in a
systematic manner. We propose to use different scales for
the assessment of acute disease and chronic sequels: the
severity score for acute tungiasis (SSAT) and the severity
score for chronic tungiasis (SSCT). The differentiation
between acute and chronic pathology is justified, as clinical
observations suggest that chronic signs persist for several
months and even years also when transmission is interrupted.

Both scores are easy to apply in practice, since they are
based on visual findings, history taking, and the observa-
tion of an altered gait. By weighting signs and symptoms,
the scores mirrored the many clinical facets, which can be
present in a single patient. Both, SSAT and SSCT, correlate
significantly with the infestation rate and the number of
embedded fleas. This means that morbidity is directly

4 6 8 10 12
Infestation rate
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related to the parasite burden, thus confirming an assump-
tion made previously (Feldmeier et al. 2003).

When the SSAT was divided in local signs (inflammation,
ulcer, fissure, suppuration, abscess, and lesion cluster) and
symptoms (pain, itching) and difficulty walking, it became
obvious that young children, aged 1 to 5, tended to relate
more pain to a similar or even a lower degree of clinical
pathology than older individuals of 5 to 16 years (Fig. 4).

The disproportional infestation in children compared to
other age groups has been described previously (Ade-Serrano
and Ejezie 1981; Arene 1984; Carvalho et al. 2003; Wilcke
et al. 2002). Behavior-related risk factors, such as a higher
exposure, have served as an explanation for the higher
prevalence in children as well as less keratinization of the
skin during childhood (Wilcke et al. 2002). The stronger
response in younger children (with pain, itching, and altered
gait pattern) to sand flea infestation does not come
surprisingly, as the relation between pain perception and
age has been described by other authors (Robieux et al.
1992). Whether the increasing keratinization of the skin also
plays a role is still to be determined.

The practical relevance of the severity score becomes
evident, when reinfestation was prevented by a repellent as
described elsewhere (Feldmeier et al. 2006b). Local
inflammation and signs related to bacterial superinfection
disappeared almost completely after 4 weeks of prophylaxis
(Figs. 5, 6, 7 and 8), and pain ceased to exist. In the cohort,
this was paralleled by the reduction of the SSAT to zero. As
expected, deformation of nails and toes, the latter due to
cicatrices and/or chronic edema, remained unchanged
during the observation period and hyperkeratosis became
even more obvious (Figs. 5, 6, 7 and 8). By consequence,
the SSCT remained virtually unchanged as compared to the
preintervention period. After intervention, the SSCT still
correlated significantly with the infestation rate before
intervention; consequently, this score could help to infer
on transmission dynamics, which existed in a community in
the past. However, for how long the SSCT can reflect
infestation rates of the past, still has to be determined.

As coconut oil may have an insecticide property on
embedded sand fleas, the reduction of the severity scores
could partially have been caused by direct killing of
embedded parasites if it is assumed that dead parasites
cause less inflammation than viable ones. However, as
location and stage of each lesion was documented at each
examination, it became apparent that Zanzarin® reduced
the infestation rate, i.e., that the observed effect was related
to the repellent activity of the compound.

The use of scoring systems is widespread in all medical
disciplines, especially when factors of different qualities
(for example age, sex, body weight, and laboratory
parameters) contribute to the classification into low-risk
and high-risk patients. A score is helpful in diseases that
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vary in their occurrence from almost asymptomatic to
severe manifestation, in order to standardize a procedure,
which is adjusted to the individual patient. In parasitic
diseases, a good example for a score is the multiorgan
dysfunction score (MODS) used in patients with malaria to
identify different levels of severity and herewith to predict
the course of disease (Helbok et al. 2005). The elaborated
scores SSAT and SSCT, similar to the MODS, are based
mainly on clinical findings and thus easy to apply in
resource-poor settings.

A clear limitation of the study was that the patients were
only eligible when they had a minimum of ten embedded
fleas at the recruitment examination. This led to a
disproportional presence of patients with severe disease
manifestations. Therefore it is assumable that the correla-
tion coefficients for the infestation rate and the number of
embedded fleas will be slightly different, if patients with a
low parasite burden are included in the ingression analysis.

In summary, we have shown that clinical morbidity is
associated with intensity of infestation. We propose the use
of two severity scores to describe the extent of acute and
chronic morbidity caused by tungiasis.
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