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Abstract: Blattodea is one of the most common orders particularly in urban centers. The most abundant species in Greece are Blatta orientalis and Periplaneta americana (Blattidae), Blattella germanica
and Supella longipalpa (Blattelidae). They are cosmopolitan species occurring in homes, restaurants,
hotels, hospitals, offices and libraries. They are omnivores, feeding on a variety of food resources,
ranging from manure and feces to organic waste. They prefer dark and humid sites and pose a
significant threat for public health as their occurrence is often associated with asthma and allergic
rhinitis. As a consequence, mapping of cockroaches’ hot spots in urban areas is a prerequisite for
any effective control program. Despite their significance, very little is known regarding the occurrence and distribution of cockroaches in the city of Thessaloniki (Macedonia). The aim of this preliminary study is the spatial mapping of the places where health services carried out disinfestations
for cockroaches, in order to identify places with an increased presence of these pests.
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1. Introduction
Cockroaches are hemimetabolan insects which belong in the order of Blattodea. They
can be divided into five families : Cryptocercidae, Polyphagidae, Blattidae, Blattellidae
and Bladeridae [1]. The majority of cockroaches fall into the latter three families [2] with
a length that may range from 2 to 100 mm [3]. A typical cockroach body is flattened and
broadly oval with a large shield-like pronotum which serves as a valuable systematic
character for certain groups. Their body also includes chewing mouthparts, ventrally deployed and long, highly segmented antennae; 150-170 segments in a typical antennal scanning [4]. In the context of dimorphism, female and male cockroaches may have differences
in the color and shape of the body or in the size, color and shape of specific body parts
[2]. Cockroaches are nocturnal and omnivorous species [5]. They feed in a wide range of
food substances, greater than any other insect [6]. Environmental factors such as spatial
distribution, persistence of food sources and also associative learning and cognitive capacities are significant criteria on the choice of foraging tactics in cockroaches [7].
Due to their living and feeding habits, cockroaches are ideal vectors of pathogens [5].
Numerous pathogens have been isolated on the exterior of the body of Blattella germanica
ranging from bacteria (Bacillus spp., Staphylococcus spp., Escherichia coli, Pseudomonas spp.,
Enterobacta spp., Klebsiella spp., Erwinia spp., Salmonella sp., Shigella sp. and Serratia spp.),
and yeasts (Pichia sp., Candida sp. and Torulopsis spp.) to common moulds (Aspergillus flavus, Aspergillus fumigatus and Aspergillus parasiticus). Many of these pathogens are responsible for food spoilage constituting significant threats to food safety [8]. Additionally, the
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occurrence of cockroaches is often associated with the development of asthma and allergic
rhinitis [9]. The two most abundant species, B. germanica and Periplaneta americana, produce a number of potent allergens, such as Bla g 2, Bla g 4, Bla g 5, group 1 of the crossreactive allergens Bla g 1 and Per a 1, tropomyosin [10] and the allergen alpha-amylase 53
kDA [11]. In general, cockroaches are an important source of indoor allergens can lead to
IgE sensitization, the development of allergic rhinitis and asthma [12].
Despite the significance of cockroaches, little is known about their presence and distribution in Greece. Based on one of the few related studies, cockroaches were found to be
the second most abundant pest in ferries arriving to and departing from the Port of Piraeus (11/21 ferries) [13]. In addition, a study which took place in sixteen hospitals in Athens, showed that individuals of B. germanica and P. americana were reported in two hospitals, with the pest control companies suggesting that for half the hospitals it their construction that favors the emergence and survival of these pests [14]. However, the distribution pattern of cockroaches within an urban area has never been investigated before, an
issue that is investigated in the current study. Using the city of Thessaloniki (Macedonia)
as a case study, we targeted at mapping the distribution of cockroaches’ infestations
within an urban area, and then relate the hot-spots revealed with urban structures and
constructions.
2. Materials and Methods
Occurrence data of cockroach infestation were provided by two pest control companies that are active in the city of Thessaloniki. In total, 283 locations were used, corresponding to places where these companies performed a chemical treatment against cockroaches in 2019-2020. Based on the behavior of cockroaches, a radius of 500 m around each
location was employed when constructing the density map using QGis Version 3.18.3 [15].
In this density map, three classes were implemented, namely up to 2 recordings, 2-7 recordings, and more than 7 recordings.
3. Results
The spatial mapping of the locations clearly (Figure 1) showed an extensive area east
of the center but also smaller scattered locations in areas west of the center, where the
occurrence density of cockroaches is particularly strong. Intense cockroach infestations
were observed in areas around the city hospitals. Also, significant but less intense infestations were recorded in areas with dense construction and old buildings.
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Figure 1. Heat map showing the observation spots of Blattodea in Thessaloniki.

4. Discussion
The mapping of these preliminary distribution data has clearly shown that the areas
of high density of cockroaches are located near Hospital facilities. This fact concerns the
extensive area of the city center. Similar studies, have demonstrated that cockroaches is
often common pest inside hospital facilities [16,17]. In Tikur Anbessa Hospital, Addis Ababa, a total of 400 cockroaches were collected from neonatal intensive care unit. Findings
showed that the bacterial pathogens which isolated from cockroaches’ bodies and guts are
responsible for neonatal nosocomial sepsis [16]. The hospitals’ internal conditions such as
temperature, humidity, food and ample harbourage seem to create an ideal environment
for cockroaches’ infestations [17].
Furthermore, areas with high cockroach density are found within very densely populated and old parts of city. In an urban network there are many parameters which contribute to the high percentage of apartments with cockroach infestations. Some of them
are poor sanitation and pest control practices, lack of proper maintenance of the apartments and natural dispersal of cockroaches between apartments within multi-unit dwellings [18]. Additionally, socioeconomic status plays an important role in cockroaches’
treatment [19,20,21,22]. Peers living in an urban environment and experience high levels
of material hardship show a positive correlation with an increase in exposure in cockroach
allergens [19]. Also, factors such as substandard housing and multiunit buildings are
thought to provide cockroach infestation [20], while two large studies [21,22] took place
in the United States confirmed that low family income and living in a multifamily home
into a high population density area with a higher occupancy rate per room associated with
increased cockroach allergens and low concentrations of dust mite, cat and dog allergens.
Being a serious enemy of public health, cockroach populations need monitoring in
order to record their distribution within a synchronous urban city. This study will form
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the basis for a more enhanced effort of recording spots which constitute cockroaches’ infestations in Thessaloniki. As these species are vectors of serious pathogens [5,8,16] and
responsible for IgE sensitization, asthma and allergic rhinitis [9,12] their recording can
also contribute to the development of a more effective method of control (Integrated Pest
Management) than traditional one which involves the use of pesticides [23].
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