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High exposure to Tunga penetrans (Linnaeus, 1758) correlates
with intensity of infestation
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Tungiasis is a parasitic skin disease widespread in resource-poor urban and rural communities in Brazil.
Inhabitants of an urban slumin Northeast Brazil were examined for the presence of tungiasis |esions and followed-
up twice a week for a period of three weeks. Each time the number, stages, and topographic localization of lesions
were recorded on a documentation sheet. The infestation rate (number of newly embedded sand fleas per individual
and day) remained stable during the observation period. The infestation rate was significantly related to the
intensity of infestation (total number of lesions present) (rho = 0.70, p < 0.0001) and the proportion of viable
lesions (rho = 0.28, p < 0.0001). The results indicate that in an endemic area the infestation intensity and the
proportion of viable lesions can be used as a proxy to assess the exposure of individuals at risk for tungiasis.
Persistently high infestation rates during the transmission season favour the use of prevention measures against
invading sand fleas (such as a repellent) rather than a drug to kill already embedded parasites.
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Tungiasisis aneglected parasitic skin disease of im-
poverished populations (Heukelbach et al. 2001). The
ectoparasitosis occursin Central and South America, the
Caribbean and sub-Saharan Africa(Ade-Serrano & Ejezie
1981, Arene 1984, Matias 1989, Chadee 1994, 1998, Carvaho
et a. 2003). In Brazil it is widespread in urban squatter
settlements, villages in the rural hinterland and in tradi-
tional fishing communities along the coast (Wilcke et al.
2002, Carvahoet a. 2003).

Community-based studies have consistently shown
prevalences between 16 and 55% in typical endemic areas
with apeak of age-specific disease occurrencein children
5 to 14 years and the elderly, and a preponderance of
infestation in the male sex (Ade-Serrano & Ejezie 1981,
Arene 1984, Matias 1989, Chadee 1994, Wilckeet al. 2002,
Muehlen et al. 2003).

There is a considerable seasonal variation in the in-
tensity of infestation indicating that transmission varies
during theyear (Heukelbach et a. 2005a). Inthe semi-arid
Northeast Brazil, attack rates decrease as soon astherainy
season begins and re-increase when the weather becomes
dryer. Environmental determined patterns in off-host
propagation and development of T. penetrans seem to
underlie the seasonal variation of attack rates.

In contrast to other ectoparasitoses such as scabies
and pediculocis, tungiasis is a self-limiting disease with
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duration of four to six weeks (Eisele et al. 2003). Asre-
infestation is the rule and new lesions may appear close
to already embedded fleas, cross-sectional surveys can-
not be used to infer on local transmission dynamics. How-
ever, anecdotal observationsfrom colonial times suggest
that transmission dynamics vary considerably from loca-
tion to location and that attack rates differ between indi-
vidualsliving inthe same area(Karsten 1865, Jolly 1926,
Gordon 1941).

In fact, the number of embedded sand fleas per indi-
vidual varies considerably. Whereas in travellers only a
few lesionsare observed, individualsin the endemic area
may carry several hundred parasitesin different stages of
development (Bezerra1994, Mashek et al. 1997, Franck et
a. 2003). Thereisconvincing evidence that severe mor-
bidity is the result of a high infestation (Feldmeier et al.
2003).

As a first step towards the assessment and under-
standing of local transmission dynamicsin endemic popu-
lations we developed a method to assess the infestation
rate (number of newly embedded sand fleas per individual
and day) and correlated this measure with infestation in-
tensity (total number of lesions present) and the propor-
tion of viable lesions. The results show that infestation
rates remained relatively stable during a period of three
weeks and were significantly correlated to the parasite
burden and the proportion of viable lesions.

MATERIALS AND METHODS

The study was conducted in Luxou, Morro do
Sandra’s and Novo Rumo, three neighbourhoods of the
favela Vicente Pinzén, an agglomeration of shantytowns
in Fortaleza, the capital of the state of Ceardin Northeast
Brazil. The shantytown has a total population of about
15,000 inhabitants, and the three neighbourhoods of 3400,
1500, and 4000, respectively. The three neighbourhoods
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arelocated on adunewith only afew paved roads. There
is one Primary Health Care Centre for the whole favela.
The prevalence of the parasitic skin diseases scabies,
cutaneouslarvamigrans, pediculosis, and tungiasisishigh
(Heukelbach et al. 2003b, 2005a,b). Thereisno systemic
waste collection, public sewage disposal does not exist,
and hygiene conditions are precarious. Many stray dogs
roam through the favela and rats are seen even at day-
time. Unemployment and illiteracy is high, and alcohol-
ism, crime, and domestic violence areimportant socia prob-
lems. Sixty percent of the popul ation have amonthly fam-
ily income of less than two minimum wages (1 minimum
wage H =100 Euro) (Family Health Program 1999).

In cooperation with community leaders and members
of the neighbourhood associations, households affected
by tungiasis were identified. In these households each
family member wasthoroughly examined for the presence
of embedded fleas.

Thefollowing findings were considered to be pathog-
nomonic for tungiasis. an itching red-brownish spot with
adiameter of 1to 3 mm, acircular lesion presenting asa
white patch with a diameter of 4 to 10 mm with a central
black dot, black crust surrounded by necrotic tissue, as
well aspartially or totally removed fleasleaving acharac-
teristic soreinthe skin (Eiseleet al. 2003). Lesionswere
documented on avisual record sheet. They were counted
and staged according to the “Fortaleza Classification”
(Eiseleet al. 2003), inwhich stages| to Il correspond to
viable sand fleas.

Any individual with a minimum of seven embedded
fleas (or lesions altered through manipulation) was eli-
gible for the study. Individuals expected not to be regu-
larly at home in the coming three weeks, children less
than one year and individuals with severely inflamed le-
sionswerenot eligible. Thelatter wereimmediately trans-
ferred to the next Primary Health Care Centre.

Individual sadmitted to the study were examined twice
aweek from July 17th toAugust 11th 2003. Seven points
of time of examination were available for the assessment
of the infestation intensity (total number of embedded
sand fleas) and the proportion of viable lesions, and six
observation periods for the determination of the infesta-
tion rate (number of newly embedded sand fleas per day
of observation).
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Individual infestation rates were calculated by divid-
ing the number of newly embedded sand fleas diagnosed
at the examination through the person — days of observa-
tion, i.e. the number of days having passed since the last
examination.

Theintraclass correlation coefficient (ICC) was cal-
culated to assessthe variation of theinfestation rate within
and between individuals during the study period. The
ICC cantake avalue between +1.0 and—1.0. The ICC ap-
proaches 1.0 when the variation between individuals is
very large in relation to the variation within individuals
over time and approaches —1.0 when the contrary is the
case. Differences of measurements between male and fe-
male study members were compared with the Wilcoxon
signed rank test. The Spearman rank correlation coeffi-
cient was calculated to assess the significance of asso-
ciation between the parameters. Significance calculations
were performed with SPSS 11.0 software.

Prior to the studies, meetings with community health
workers and community leaderswere held and the objec-
tiveswere explained. Community associations of thetown-
ship (associagdes dos moradores) gave their consent to
the study. The study protocol was approved by the Ethi-
cal Committee of the Federal University of Cearg, Brazil.
Informed consent was obtained from all adult participants
and from the parents or legal guardians of minors. At the
end of the study, all participants and household members
withtungiasisweretreated twice daily for aperiod of four
weeks with a plant-based repellent which effectively re-
duces the infestation with T. penetrans (Schwalfenberg
etal. 2004).

RESULTS

Of the 77 subjects included in the study, nine were
excluded from data analysis, because they were not en-
countered in at least one of the six follow-up examina-
tions. Of theremaining 68 individuals, 36 were malesand
32femaes. Medianagewas 7.4 years(range 1 to 44 years).
The parasitological data stratified by sex are depicted in
the Table. The infestation intensity varied from 7 to 144
embedded sand fleas. The infestation rate ranged from
0.8 to 10.75 newly embedded sand fleas per individual
and day. It showed a highly skewed distribution with the
majority of subjects experiencing one or two new lesions

TABLE
Infestation rate and intensity of infestation during the observation period (n = 68).
Median

Parameter (interquartilerange) Minimum Maximum
Infestation rate @

Males 24(19-32) 0.9 10.8

Females 1.7(1.4-24) 0.8 7.2

Total 20(1.6-29) 0.8 10.8
Intensity of infestation P

Males 34.0(24.8-47.1) 9 149

Females 22.0(16.0- 38.3) 7 118

Total 27.3(18.0- 40.9) 7 149

a: based on the median number of newly penetrated fleas per individual and day at six observations periods; b: based on the median

number of total number of lesions present at seven examinations.
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per day (Fig. 1). Neither theinfestation rate nor theinfes-
tation intensity differed between male and femal e partici-
pants (p=0.09 and p = 0.19, respectively).

The infestation rate and the intensity of infestation
did not vary considerably during the observation period
(Figs2A, B). Anintraclass correlation coefficient of 0.19
(95% CI: 0.02-1.00) for theinfestation rateindicated that
variation withinindividualswas relatively small ascom-
pared to variation between individuals (p = 0.04).

At the beginning of the study 53% of the lesions con-
sisted of viable sand fleas (stage | to I11), 30% were in
stage |V (dead and decaying parasites), and 17% had been
manipulated with a perforating instrument by the patient
or hislher carer in an attempt to extract the embedded flea.
The proportions did not vary significantly during the
observation time and were 59, 20, and 21%, respectively,
at thelast examination.

Fig. 3A showsthat therewas ahighly significant cor-
relation between the number of newly embedded sand
fleas per individual and day and the number of tungiasis
lesions present in the respectiveindividual (rho=0.70; p
< 0.0001). A positive correlation was also observed be-
tween the infestation rate and the proportion of viable
lesions although the correlation coefficient was consid-
erably smaller (rho=0.28; p<0.0001; Fig. 3B).
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Fig. 1: distribution of infestation rates. Data indicate the medians
of the 68 individuals during six observation periods.

DISCUSSION

Tungiasis occurs in Central and South America, the
Caribbean, and sub-Saharan Africa (Heukelbach et al.
2001). Prevalence in the general population may be 50%
and more in the general population and even higher in
children and old people (Carvalho et al. 2003, Muehlen et
al. 2003, Heukelbach et al. 20054). The ectoparasitosisis
painful, particularly when lesions are located along the
nail rim. Pain and itching impede people from sleeping
well. In resource-poor settings bacterial superinfectionis
a constant finding (Feldmeier et al. 2002). Deformation
and auto-amputation of digits, deformation and loss of
nails, development of chronic ulcers, gangrene, difficulty
walking, and gripping (when lesions are located at the
hands) are known sequels (Heukelbach et al. 2001).
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Fig. 2: variation of the infestation rate (A) and the infestation
intensity (B) at the different points of observation. Vertical bars
indicate interquartile ranges.

Studies performed so far indicate that the ectoparasi-
tosisis unevenly distributed within the community, with
a few individuals bearing a high number of embedded
sand fleas (Feldmeier et a. 2003, Muehlen et al. 2003).
Certain risk factors such as age, type of housing, level of
education, and a low socio-economic profile predispose
individuals to develop a high intensity of infestation
(Muehlenetal. 2005).

The shortcomings of the existing studies are that they
are cross-sectional examinations and do not allow to as-
sess to which degree individuals of a community have
been exposed. However, the understanding of factors
governing local transmissioniscrucial for the planning of
control measures. Precise assessment of transmission
would also be helpful in identifying individuals who
disproportionably contribute to the spread of the ecto-
parasites and/or who are most vulnerable for the devel-
opment of severe disease.

To assess exposure on the individual level we devel-
oped amethod to determine the number of newly embed-
ded sand fleasin anindividual per unit of time. Individu-
aswithtungiasis were carefully examined twice aweek.
Location of lesions and stages of development were re-
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Fig. 3: correlation between the infestation rate and the infestation
intensity (A) (rho = 0.70; p < 0.0001) and between the infestation
rate and the proportion of viable lesions (B) (rho = 0.28, p <
0.0001).

corded on a visual documentation sheet, and newly em-
bedded sand fleas were counted.

The results show that in the group studied on the
average each individual experienced two successful pen-
etrations of female T. penetrans per day. As supposedly
the infestation rate does not vary much during the trans-
mission season of T. penetrans in Northeast Brazil, i.e.
from May to December, each participant of the study popu-
lation will experience at least 480 sand flea lesions per
year.

To the best of our knowledge, infestation rates have
never been determined in parasitic skin diseases. Thus,
comparison can only be made with inoculation rates of
diseases transmitted by biting insects. For example, in a
hyperendemic malaria area the highest inoculation rates
(the number of sporozoites of P. falciparum transmitted
by anopheles mosquitoes per person per year) observed,
ranged from 34to0 630 (van der Kolk et al. 2003, Appawu et
al. 2004). For other important arthropod-borneinfections,
these rates are much lower. Although inoculation rates
are not directly comparable with theinfestation rate used
here, it is obvious that the transmission potential of T.
penetransissimilar to that of P. falciparumin ahyperen-
demicmaariaarea.

Asindicated by an intra class correlation coefficient
of 0.2therewaslittlevariationin theinfestation ratewithin
affected individuals as compared to variation between
individuals. Stable infestation rates during the observa-
tion period were confirmed by asimilar proportion of vi-
able lesions at the beginning and the end of the study.

Therewasahighly significant correlation between the
infestation rate and the infestation intensity during the
study period (rho=0.70, P< 0.001). Thus, theinfestation
intensity can be used as a proxy for the infestation rate.
This has practical consequences as the assessment of
theinfestation rate islaborious, needs repeated examina-
tionsand can only be performed by an experienced health
worker. In contrast, counting once the total number of
lesions can be rapidly performed by an auxiliary, a com-
munity health worker or even by the affected individual.

As the infestation rate did not vary considerably in
our study and because the development and resolution
of sand flealesionsfollow atypical time pattern (Eisele et
a. 2003), it seemed conceivable that the proportion of
viablelesions (stage | to 111) observed in an individual at
any given point of time also reflectsindividual exposure.
This assumption was confirmed by a highly significant
correlation between the infestation rate and the propor-
tion of viable lesions.

The almost constant re-infestation during three weeks
of the transmission season is a good argument against
chemotherapy. Even if ahighly effective compound was
at hand, which actually is not the case (Heukelbach et al.
2003a, 2004), it would haveto be administered repeatedly
in order to kill newly embedded sand fleas. By conse-
quence, in order to keep the parasite load low and the
development of morbidity at bay, the use of a repellent
seemsto beamorerational alternative (Schwalfenberg et
a. 2004).

Our study has severa limitations. As study partici-
pants were selected according to a minimal number of
lesions present at baseline, the selection procedure caused
adisproportionally high number of moderately to highly
infested individuals to be included in the study. There-
fore, one cannot infer on the true distribution of infesta-
tion rates in the community from these data. Moreover,
the correlation between infestation rate and infestation
intensity might change, if many individuals with a low
infestation rate are included in the regression analysis.

Second, we measured the infestation rate during a
period of threeweeks. The variation of thismeasure might
be higher if individuals are followed-up for alonger pe-
riod of time.

In conclusion, our datashow for thefirst timethatitis
possible to determine the degree of the exposure to T.
penetrans in individuals of an endemic community. The
infestation rate only varied little over time and predicted
the number of sand flealesions present in an individual .
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