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Abstract

The term Ecology is derived from oikog (Greek “house” or environment), but
our habitations usually overlooked in ecology or environmental studies. The
expression “at home” usually means safety and comfort, but at home we are
under risk of innumerous parasitic/microbial infections and contaminations/
envenomation. During the COVID-19 pandemic we were forced to stay at
home, but the virus and other pathogens were also home-delivered. Educa-
tion for health is highly effective in health promotion, particularly in poor
areas. Thus, prophylactic interventions approaching household environment
are required. The present activity aims community empowerment and en-
gagement in controlling parasitic diseases and other infections such as Cha-
gas disease, leishmaniasis, malaria, arboviruses etc. Inspired on the use of a
house maket by Dr. Virginia Schall to demonstrate Aedes mosquitoes breed-
ing sites. We also employ house makets displaying pathogen vectors breed-
ing/hiding sites. Although some makets can be opened, revealing intradomi-
ciliary milieu, we intended to offer the public a literally “insider” view of this
largely overlooked scenery. The “Interactive House”, also known as “House
with no viruses and other bugs” is an educative, interactive, ludic device ela-
borated on an inflatable igloo, with furniture and utensils crafted using
reused/recycled or low-cost materials. Live mosquito larvae were placed at
peridomicile in water-accumulating plant pot saucer, leaves-clogged gutter,
used tire, dog water bowl as well as within the domicile, in the shower drain
trap. Evidengue®, crafted in cloth to block mosquito oviposition developed is
presented. Participants enjoy taking part in the activity, seem amused, play,
laugh and smile while enthusiastically take pictures. This educative activity
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permits health communication in a ludic interactive way, which may contri-
bute to health promotion in areas with public health problems.
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1. Introduction

Innumerous communicable diseases pose a heavy burden of morbidity and
mortality worldwide, particularly in tropical regions further contribute to poor
public health conditions and so hampering socioeconomic development [1].

The word Ecology is derived from the Greek word oikog, for “house” (environ-
ment), but our residences usually do not reside under the same roof with the
concepts of ecology or environment, and households are rarely approached in
ecology textbooks. The term “environment” comes from the French word “En-
viron” (environner — en + viron: at turning; walking around; Anglo-French: en-
viruner), indicating the area around our households but despite the use of the
word milieu is often used to designate environment, it scarcely ever includes our
homes.

For most people to be “at home” means safety and comfort, but one’s housing
may comprise risk factor for climate changes [2], pollution [3] [4], tobacco
smoke [5], asthma [6] cardiac conditions [7], lead poisoning [8], envenomation
[9] [10] and infections [11]. During the SARS/CoV-2 pandemic, many of us de-
cided to stay safe at home, but the virus [12], as well as other pathogens as both
parasitic and diseases [13] and microbial infections, are transmitted in the do-
miciliary and peridomiciliary milieu. Anthropogenic actions often generate con-
ditions to promote the infection spread.

Different infectious are transmitted with the participation of reservoir hosts
and/or invertebrate vectors. American trypanosomiasis or Chagas disease is
caused by Trypanosoma cruzi and transmitted to man among other mammali-
ans by Reduviid triatomines, which are frequently detected in the domiciliary
and peridomiciliary environments [14] [15] [16] [17] [18]. Likewise, Leishmania
spp. the causative agents of leishmaniases are vehiculated by phlebotomine sand
flies bloodmeals [19], which often occur in the domiciliary-peridomiciliary set-
ting [20] [21] [22] [23]. In both Chagas disease and leishmaniasis dogs (Canis
lupus familiaris) have been implicated in the disease transmission, as this mam-
mal comprises frequent reservoir hosts for 7. cruzi [24] as well as for Leishmania
sp. and canine kennels are often colonized by phlebotomines [25] and triatomi-
nes [26]. Thus, the presence of domestic dogs in the peridomicile comprises a
risk factor in the transmission. Several other mammalian species including cats

[27] and equids [28] can act as primary and/or secondary synanthropic reservoir
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hosts in the Leishmania spp. transmission, besides many wild animals such as
rodents, marsupials, etc. [29]. Similarly, Trypanosoma cruzi infects domestic
cats (Felis catus) [30] as well as over 100 mammalians including domestic, peri-
domestic, and wildlife reservoir species, potentially involved in Chagas disease
ecoepidemiology [31].

Environmental use conditions may deeply influence the vector populations,
thus affecting the dynamics of these protozoal diseases with trypanosomatid etio-
logical agents [32]. As vector such as triatomines in anthropogenically altered
environments tends to feed on short-lived, highly susceptible animals with high
reproduction rates, such as rodents [32], which may suffer population bottle-
necks as reported for guinea pigs [33], the infection rates in peridomiciles are
often significantly superior as the ones observed in the wild [34], as reported for
triatomines [35].

The availability of nutrients/organic material in the peridomicile may promote
the colonization and/or proliferation of vectors and reservoir hosts in this micro-
environment. As peridomiciliary organization and cleanness may reduce the amount
of captured sand flies [36] its cleaning and organization was shown to diminish
phlebotomine numbers by circa 90% [37], so may be used as a leishmaniasis
control measure. Similarly, improved housing may be instrumental in the pre-
vention of Chagas disease [38]. In addition, dirty flooring and inadequate trash
deposition in intradomiciliary and peridomiciliary sites promote colonization by
triatomines [39] [40] [41]. The endeavour reported here was conceived to em-
power the public about prophylactic measures in a ludic interactive manner. The
“Interactive House”, also known as “House with no viruses and other bugs” is an
educative health promotion tool comprised by a scenographic house, handcrafted
in low-cost material, in which disease vectors, mice and poisonous animals
(rubber made) can be hunted by children, health professionals (e.g. Community
Health Agents) and lay people. Prophylactic procedures are discussed in a ludic
and dynamic way to help prevent infections and envenomation within the peri-
domiciliary and intradomiciliary environment. Similarly, the contact with the
arthropod vector among 90% of Chikungunya Mexican patients were reported
to take place in the peridomiciliary environment [42]. Also, Dengue and Zika
fevers, both transmitted by Aedes aegypti or A. albopictus mosquitoes are fre-
quently acquired in the intra-domiciliary and peridomiciliary areas [43].

The household insertion in the environment and epidemiological chain of
disease spread is required for the comprehensive one-health view [44] [45] inte-
grating animal and human health with the environment, may be instrumental
in surveillance and controlling diseases such as leishmaniasis [46], Chagas dis-
ease [47], malaria [48] and predicting zoonotic arthropod-borne disease outbreaks
[49] [50] as improved environmental housing and peridomiciliary conditions
may be useful for and vector/reservoir control. Therefore, it is important to un-
derstand the housing threats in order to avoid them. Thus, the present educa-

tional activity was devised for health promotion particularly focusing on ne-
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glected diseases.

2. Materials and Methods

The “Interactive House”, also known as “House with no viruses and other bugs”
was designed and elaborated in an inflatable igloo, approximately 6 m high and 8
m in diameter (Figure 1). Replicas of furniture and small appliances crafted em-
ploying reused or low-cost materials such as Styrofoam, tradeshow boxes, card-
board boxes, pallets, PET bottles, CDs, are organized inside. The rooms were
separated by cardboard dividers, in which each side depicted a different envi-
ronment, assembled to maintain a flow of information, starting the guided visit
in the living room and ending in the outside peridomiciliary area.

The choice of items for the composition was based on houses in the suburbs

of Rio de Janeiro (not too different from most residences in low income areas of

Figure 1. Educative, interactive, ludic implement named “Interactive House” (“House
with no viruses and other bugs”), honoring Virginia T. Schall (in memoriam), mounted
on an inflatable igloo, devised for demonstration breeding sites and hiding spots of vec-
tors such as Aedes aegypti and triatomids, as well as house colonization by other animals
harmful to health. House entrance (A), (B) with a banner depicting the researcher Virginia
Schall showing Evidengue” ((B), arrow), a device crafted in cloth to block mosquito ovi-
position on the water-accumulating saucer ((C), arrowheads). A leaves-clogged gutter
showing water accumulation ((D), arrow). Peridomicile (E) presenting plant pot with
saucer displaying water with living larvae (white arrow—top right inset), used tire near
dog bowl with water (and eventually larvae, black arrow—bottom inset), with images
showing dogs and the Leishmanialife cycle (top left inset, arrowhead).
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Latin America as well as many parts of the developing world), 7e a room dis-
playing a sofa (pallet, cardboard boxes, paper and TNT cloth), coffee table
(cardboard and PET bottles as table legs), rubble (broken bricks and tiles, shards,
crates), pillows and carpet for decoration; bedroom showing a bed (two juxta-
posed wooden crates, 2 children’s bedsteads, children’s mattress, sheets, pillows
and a cloth made doll), carpet and corresponding partition containing a small
closet (cardboard box, paper, popsicle sticks, wire and TNT; bathroom: a toilet
(plastic trash can, toilet seat, felt-covered Styrofoam), shower stall (Styrofoam,
cardboard, adhesive paper, unused shower and drain), rugs and 2 matching par-
titions containing a sink (cardboard box, adhesive paper, faucet) a mirror (used
CDs and adhesive paper), small shelf (cardboard and paper) with decorative
items made of straw, EVA sheets, twine, cardboard and food packaging, as well
as a trash can (PET bottle); Kitchen: cabinet (cardboard boxes, paper, EVA),
sink (cardboard boxes, Styrofoam, sticky paper, popsicle stick, aluminum foil,
PVC, TNT and tap), stove (cardboard box, grey contact paper, miscellaneous
bottle caps, CDs and EVA), refrigerator (cardboard boxes, EVA and contact pa-
per), mats and corresponding partition containing a small shelf (cardboard,
brown paper), as well as decorative items such as a small empty gas canister,
cookware (EVA), condiments (acrylic and cardboard cups), packaging (empty
medicine boxes and paper), blender (Styrofoam box, various bottle caps, plastic
cups and cardboard), among others (Figure 2). Within this milieu, specimens of
triatomine of the genus Rhodnius were inserted in places where the disease vec-
tors are often found in the home environment, such as under the bed, behind
frames and furniture, among others.

Besides addressing Chagas disease and vector shelter sites, the House also
presents information about Aedes aegypti-transmitted arboviruses, with breed-
ing sites in the toilet, and potted plants. In the latter, we pay tribute to the re-
searcher Virginia Schall, who devised Evidengue®, a cloth-made device to cover
plant pot saucer, an easily crafted tool to prevent the proliferation of mosquitoes
in the external or internal area of the residence. The Evidengue® was made using
a plastic bag, or a cloth, and tied with a ribbon or string, completely wrapping
the pot and saucer, so that mosquitoes cannot reach accumulated water [51]. The
visitation to “Interactive House” ends at the external environment where a used
tire is identified presenting living mosquito larvae (previously introduced) which
can be easily collected and observed using clear disposable glasses, a drain chute
blocked with leaves, a dog bowl, an Evidengue®, presented in a simple way, dis-
cussing alternatives to combat vectors and reservoir hosts breeding in the
household environment. Rubber-made poisonous animals such as scorpions and
centipedes (Class Chilopoda) were added as well as rats and cockroaches, in or-
der to raise discussions on envenomation and infections spread, promoted by
inappropriate trash deposition. Breeding sites for sand flies and anopheline
mosquitoes are also presented and discussed, particularly in the malaria and

leishmaniasis endemic areas.
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Figure 2. General view of the home setting, displaying most of its pieces of furniture (A).
Details of the living room showing small table, sofa, air-conditioning system (B) a table
with the TV presenting scientific videos and another with a book approaching the scien-

tific legacy of Virginia Schall (C), often placed besides an Evidengue® ((C), inset), with the
Virginia picture hanging on the wall ((D) inset) and a bedroom (E). House kitchen (F-H)
and bathroom ((I) and (J)). Within the shower drain trap, living mosquito larvae are
placed ((J), inset, arrow).
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3. Results and Discussion

It could be ironically sad that we are “never home alone” for we have myriads of
bugs sharing our residences [52]. Nevertheless, most of our uninvited guests are
unpleasant and even dangerous. The cohabitation with unpleasant insects is
clearly indicated by the taxonomic designation of the housefly (Musca domestica
L.; Domus—house). Interestingly the ubiquitous and cosmopolitan nematode
Enterobius vermicularis is so often acquired in the intradomiciliary environment
that in parts of Brazil the worm was nicknamed “caseira” from the Portuguese
word for “house” (“casa”). Even our invited and beloved guests, such as dogs
and cats, help to attract the uninvited nasty ones. As unequivocally shown in the
biblical citation EXODUS 8:24 [52] “And there came a grievous swarm of flies
into the house of Pharaoh, and into his servants’ houses, and into all the land of
Egypt: the land was corrupted by reason of the swarm of flies.” Flies are very
“democratic” and not quite demanding in picking domiciles and this is also true
for cockroaches. Thus, the infections they harbor may be wide-reaching, partic-
ularly because different arthropods may travel by ships, trains, planes etc.

The present report was titled after an activity named in honor of the notorious
Brazilian scientist Virginia T. Schall in memoriam (not only acknowledging her
strategy that sparked the present activity, but also as a modest tribute to this re-
markable educator). Her team used to employ a house maket to demonstrate the
water accumulation and therefore the potential Aedes sp. breeding sites [53].

»]

“On the shoulders of such a giant™ we decided to elaborate several makets dis-
playing different parasitic disease agents, and allow the public to enter such
house, here termed “Interactive house with no viruses and other bugs”, handcraft-
ing the house in an inflatable igloo (Figure 1), but it was also mounted on an
ordinary classroom. The use of recycled, reused or low-cost materials (Figure 2)
allows the activity adaptation under different conditions in schools found in
low-income areas. The hands-on activity of the house elaboration may comprise
a ludic/artistic task, gathering teachers on both science/biology and arts, as well
as students, parents (craftsmen, seamstresses/couturiers, carpenters and handy-
men in general are welcome). This is an important creative moment of the
process and both graduate and undergraduate students clearly enjoy it.
Plastic/rubber or resin incrusted arthropods and other dangerous or noxious
animals were acquired or prepared (Figures 3(A)-(H)). Combined display, such
as ants feeding on a dead roach as well as infest food (Figure 3(I), Figure 3(J))
are exhibited to illustrate the foodborne insect-mediated dissemination of dif-
ferent microbes. Similarly, ant/fly toys on top of stools, as well as on food
(Figure 3(K), Figure 3(L)), were employed to emphasize the insect role in me-
chanical spreading of pathogens. Eventually a team member asks: “Is it true that
eating ants is good for eyes?” After discussing this legacy of tribal healers from
India, still a poplar saying in Brazil, the visitors understand that ants [54] and

roaches may be similarly contaminated, often carrying the same microbial species

!...as well as on the ones of Sir Isaac Newton!
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Figure 3. Rubber-made cockroaches, centipedes, spiders, scorpions etc. (A) are used in
the activity. As mice and rats are often preyed by snakes a rubber snake is place near a toy
mouse in some areas (B); Rubber mice are placed in trash or fruit bowl (inset). Rubber
spiders are placed on glue-made webs (C). Transparent resin-incrusted (D), plastic flies
(D, inset), incrusted kissing bugs (E) and mosquitoes (H) are presented during the visits.
Lange battery powered cockroach (F) and fly (G) are also employed in brief theatre
sketches during the visit. Rubber-made ants are shown feeding on roaches (I), as well as
on our food (J arrow—rubber cockroach). Sometimes toy assemblages are arrayed to dis-
play plastic ants (K) and house flies (L) on top of gel-made dog stools (upper inset) as
well as on food dishes with fruits or bread (lower inset). Rubber arthropods placed within
shoes (M), where scorpions are represented preying on roaches (inset).

[55]. The team tutors ask: “Would anyone here discard a delicious fruit juice in
the tropical summer after detecting a poor, little, drowning ant?” Usually the
unanimous answer is “no”. The answer is quite different when we consider a
swimming cockroach. At the end we ask them: “Ok, you can save the ant, but
can you save yourself from its microbes?”

Distinct arthropods function as microbe mechanical vectors. Cockroaches
(Blattidae) [56] [57] and non-hematophagous flies such as houseflies were shown
to spread numerous human pathogens, including bacteria, parasites, fungi and
viruses [58]. In addition, different arthropod species [59] [60] [61] [62] [63], can
disseminate of antimicrobial resistance. It is noteworthy that ants (Formicidae),
although not so repulsive? as roaches, are also involved in the dissemination of
bacteria [54] [64] [65] [66], including drug-resistant strains [59] [67] [68], and

“Exactly for being less repulsive, ants are presumably less fought, so comprise an insidious health risk.
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fungi [69].

Similarly, toy mice placed on wax fruits (Figure 3(B)) also stimulate discus-
sion on infections such as leptospirosis and peridomiciliary transmission of
Leptospira related to inadequate environmental conditions [70]. Besides, snakes
prey on rats and mice therefore, dirty yards and wasteland with intense rodent
proliferation maybe attractive for the predators including poisonous snakes. In
this line of thought, the display of scorpions holding cockroaches is to remind
their predator-prey relationship, therefore dirty places may be suitable for cock-
roach infestation and thus, attractive for scorpions. In this regard, scorpionism is
a public health in many parts of the world [71] and the significantly increased
number of cases and deaths in Brazil [72], indicating the animals are adapting to
urban/peridomestic conditions [73]. Thus, scorpion control program was pro-
posed, including cleaning and education [74].

The public enjoyed taking part of the activity and interacted with the sceno-
graphic environment (Figures 4(A)-(C)), Different rubber-made arthropods such
as roaches, ants, flies, centipedes and scorpions are placed at concealed dark
spaces/hidden spots (Figure 4(D), Figure 4(E)) such under furniture, within

shoes and by scrubs as well on the trash.

Figure 4. The interactive house is generally attractive, gathering many kids in schools and
science fairs (A), (B) and they enjoy playing and taking pictures within it (C). Dead tri-
atomines are tape-fixed under the bed or sofa (D) fixed on the walls ((D), inset) and by
scrubs (E), (F), associated to centipedes, scorpions etc. Visitors are invited/challenged to
search for and identify the bugs inside and outside the house, on the scrubs (F) walls (G),
within the shower drain trap (H) under the furniture (I), (J) always aided by the project
team (J), (K).
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The house also displays living mosquitoes’ larvae in breeding sites such as
shower drain trap, as well as in the peridomicile in water-accumulating plant pot
saucer, used tire, dog water bowl. The children, teenagers and even adults show
surprise and amusement facial expressions as they discover the rapidly moving
larvae. Adult triatomines (fixed on tape or transparent resin-incrusted), are
placed in similar places as the other arthropods mentioned above. The use of
images permits “insights” on different scientific fields [75] [76]. In the hand-
washing activity mentioned above, observing the dirt on the hands through a
digital microscope [77], creates an emotional experience able to change the be-
havior of children and teenagers even after over a year and it was declared by
teachers and city personnel. In this activity, the visual stimuli of the house, fur-
niture, appliances, bugs and particularly the actively moving mosquito larvae al-
so comprise an easily remembered experience so we expect these visitors to con-
sider the prophylactic measures discussed in the events. The visitors, including
health professionals such as health agents, unequivocally enjoy playing the “bug
buster” role (Figures 4(F)-(I)), with the encouraging participation of the team
tutors (Figure 4(J), Figure 4(K)).

The gender frequency of public visiting Interactive House in health promotion
events was mostly comprised of female participants (Figure 5(A)) and it maybe
interesting since the maternal education level was shown to be inversely related
to childhood mortality [78] [79]. The Word Cloud generated on the overall replies
of the interviewed participants entering the “Interactive house”, displays “walls”
and “mattress” as the most frequently used terms indicating the main kiss-
ing-bug (triatomines) hiding spots (Figure 5(B)). The analysis of these indica-
tions among age groups revealed that most indications are increased with age,
except for rubble, more indicated by the younger participants (Figure 6), possi-
bly indicating the proximity caused by the reduced height as well as playing ac-
tivities particularly in the house yards. In this regard the roof is rarely mentioned
among the younger group. This tool may be useful in approaching the know-
ledge, attitude, and practices (KAP) in endemic area populations.

Peridomestic environmental conditions may be also involved in the transmis-
sion of helminths among humans and animals with zoonotic potential [80],

Chagas disease [81] and leishmaniasis [82]. Besides 7. cruzi and Leishmania spp.

= Male

=% .. walls
m attress rubble

furniture couch
appliances

A B

Figure 5. Gender frequency of participant public (A) in a typical health promotion event
using the Interactive House device in countryside towns in Brazil. Word Cloud showing
the most frequently used terms in the replies of the interviewed participants entering the
Interactive House, indicating main kissing-bug (triatomines) hiding spots (B).
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Figure 6. Distribution of different triatomines hiding spots indicated by participants, ac-
cording to age groups among Interactive House visitors.

[24], the domestic dogs may harbor protozoal parasites such as Toxoplasma gon-
dii, Babesia sp. and Giardia lamblia [83]. Thus, our deservedly called “friends”
may hide dangerous “dwellers” inside and outside our residences and both vec-
tors and reservoirs may be found in both intradomiciliary and peridomiciliary
sites [18]. Interestingly the dog infection may be promoted by the richness of
other peridomiciliary domestic animal species [83]. Therefore, the presence of
chicken coops in the house proximity is considered a risk factor. For these rea-
sons, intradomiciliary and peridomiciliary cleaning and organization can com-
prise a valuable tool in Leishmaniasis [36] [84] and Chagas disease [85] [86]
control programs, participating in integrated vector management. It is notewor-
thy that community participation was shown to be effective in sustained control
of triatomine house infestation [87] [89]. Surprisingly, although the bedroom
and Livingroom infestations are the most frequent (90 Dias et al 2016), bed
mattresses and couches were not pointed as triatomine hiding places by most of
the House visitors. This may indicate that even in endemic areas the population
may be unaware of the insect habits during household colonization. Thus, edu-
cation for health remains required for effective control.

Education interventions for health promotion empowering the population to
control vector breeding sites are relevant since insecticide resistance are becom-
ing more frequent among, triatomines [91] [92] [93], phlebotomines [94] [95],
Aedes [96] [97], Anopheles [98] [99] etc. In such educative interventions, pro-
tozoal, bacterial and helminthic pathogens may be approached using biscuit re-
sin-made models [100].

SARS/CoV-2 can be found in sewers, being released in fecal waste, leading to
dissemination to several areas of the city, which can cause fecal-oral transmis-
sion [101] [102] in a similar way as the transmission of intestinal parasitic infec-
tions [103]. Therefore, similar or identical preventive measures such as frequent
hand washing, as well as adequate food hygiene, care with drinking water, among
others can be endorsed through education/communication interventions [77]-[100].
Thus, there is a need to involve the general public in preventive activities in
COVID-19 and other infections, controlling the pandemic, which may also con-

stitute comorbidities, as well as in future epidemics. For this reason, educational
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interventions for health promotion disseminating prophylactic measures of dif-
ferent viruses, as well as other endemic diseases are of great relevance [104]. In
this regard it is noteworthy that the discontinued surveillance, larval control ac-
tivity during lockdown was shown to lead to enhanced Aedes larval indices in
two localities in India [105] and the COVID-19 pandemic may be associated
with outbreaks of bites of insects such as Simulium tuberosum [106], an oncho-
cerciasis vector. In addition, pet ectoparasites such as cat fleas [107] may take
part in the COVID-19 spread.

Thus, population empowerment via education and engagement may be useful
in control measures towards different infections. Interestingly, maternal education
level was shown to be inversely related to childhood mortality [78] [79]. The tool
presented here may empower and engage communities to fight diseases disse-

minated in the domiciliary/peri-domiciliary milieu.

4. Conclusion

Taken together the present observations allow the conclusion that it is possible
to use low-cost material to create a ludic interactive health promotion device
approaching different infectious and parasitic diseases as well as poisonous ani-
mals, suitable for the general public, including different ages and socioeconomic
levels as well as community health agents. The present interactive dynamic ac-
tivity can presumably encourage discussions on disease prevention via engage-
ment and encouragement of students and community to search, discover and
surveil health threats in the neighborhood becoming empowered to play active

roles in their public health.
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