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  1. INTRODUCTION AND OBJECTIVES 
 

 
 

1. INTRODUCTION AND OBJECTIVES 

Today, an established raccoon population is widespread throughout Germany and groups of 

free-ranging animals are found in several European countries. Information on raccoon disease 

occurrence in Germany is sparse and is limited to few parasitological surveys focussed on the 

nematode B. procyonis (Lux & Priemer 1995, Gey 1998, Winter 2005, Anheyer-Behmenburg 

2013). These studies have helped to elucidate the distribution of B. procyonis in Germany. For 

raccoons in central Germany, the prevalence of this nematode is estimated to be 70% (Gey 

1998), while the North-eastern population lacks this parasite (Lux & Priemer 1995). A few 

publications on raccoons describe canine distemper virus prevalence (Michler et al. 2009, 

Nikolin et al. 2012, Anheyer-Behmenburg 2013) and a single survey on selected bacteria 

(Anheyer-Behmenburg 2013) has been reported from Germany. For the rest of Europe, only one 

parasitological survey of raccoons from Western Poland has been published (Bartoszewics et al. 

2008). In this study, a 3.7% prevalence of B. procyonis was reported. (Bartoszewicz et al. 2008, 

Beltrán-Beck et al. 2012, Michler & Michler 2012, Vos et al. 2012). The main objective of this 

dissertation was to examine the occurrence of pathological changes and selected infectious 

pathogens in rural and urban raccoon populations in North-eastern Germany through histo-

pathological and molecular biology analyses in order to describe which diseases or infectious 

agents are present in the North-eastern German raccoon population. Section 3 of this 

dissertation comprises 4 scientific articles that describe and discuss the results of this study. 

Article I reports the presence of an European trematode, Alaria alata in mostly rural raccoons 

from this project. Article II and III describe cases of Sarcoptes scabiei and canine distemper virus 

infection respectively in urban raccoons, giving insight of interspecies transmission amongst 

urban carnivores in the cities. Finally, article IV comprises a cumulative study of pathological 

findings and selective pathogen screening in rural and urban raccoons, including some 

information from the previous publications, in order to give a broader insight of raccoon health in 

rural and urban Germany. The results are also described in the context of the potential risk 

raccoons may represent for disease transmission in Germany. 
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2. LITERATURE REVIEW  
2.1. Biological and ecological aspects of raccoons 

The raccoon is the largest member of the family Procyonidae. Other members of this family are 

the coatis (Nasua), ringtail (Bassariscus), and olingos (Bassaricyon). The North-American 

raccoon (Procyon lotor) shares the Procyon genus with two other species, the crab-eating 

raccoon (Procyon cancrivorus) occurring in South-America and the critically endangered 

Cozumel raccoon (Procyon pygmaeus) restricted to the Cozumel Island in South-eastern 

Mexico. Raccoons are medium size mammals with a variable fur coloration ranging from grey to 

almost black and some animals display brown or reddish coloration. Raccoons have a ringed tail 

The body length ranges from 41.5 to 60 cm excluding the tail, which is 20 to 40.5 cm long and 

weight average decrease from colder to warmer regions with animals in colder environments 

being larger than raccoons living in warmer areas (Lotze & Anderson 1979).  

 
Figure 1.- Radio-collared raccoon from Müritz National Park (Image with kind permission of F-U Michler) 

Similarly, reproductive parameters vary by region and habitat (Fritzell 1978). Raccoons are 

polygamous and mating season starts in January and can last until August, with a peak in March 

(Lotze & Anderson 1979). However, raccoons from warmer areas begin their mating season 

earlier (Fritzell 1978). Gestation lasts around 63 days with births occurring between April and 

June with the most occurring in May (Lotze & Anderson 1979). Litter size varies from 3 to 7 

offspring with a mean of 4.8 siblings and a higher number of siblings for animals in colder 

northern regions (Fritzell 1978) which compensates for higher mortality rates in these areas. 

Litters are weaned between the 7th week and the 4th month of age (Montgomery 1969) and they 

start to disperse around the 9th month of age (Stuewer 1943). Life span in free-ranging raccoons 
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is rarely greater than 5 years with a mean of 3.1 years (Johnson 1970), while captive raccoons 

can live up to 17 years (Rue 1965). 

The social system of raccoons involves limited interaction among individuals. Males form small 

groups of mostly adult animals and such coalitions may last a year (Gehrt & Fritzell 1998, Gehrt 

et al. 2008, Pitt et al. 2008, Hirsh et al. 2013). Males and females do not seem to interact outside 

of the mating season (Hirsh et al. 2013). Females are considered to be solitary but two or more 

females can sporadically share range areas without close interaction (Pitt et al. 2008). Mother-

offspring relationship last until the subsequent mating season and the offspring’s home range 

usually lies within the mother’s territory (Muschik et al. 2011). Subsequently, male offspring will 

leave the maternal territory, a strategy that avoids potential inbreeding. Female offspring, in 

contrast, remain close to their mother’s territory. Besides predation, interspecific contact does 

sporadically occur between raccoons and other wildlife, although it is rarely documented and 

tends to take place during the night around feeding areas (Campbell et al. 2013).  

Raccoons are omnivorous, nocturnal animals with a diet consisting mostly of invertebrates, 

plants (including fruits and grains) and small vertebrates; the proportion of each food group 

varying seasonally (Engelmann et al. 2011). In urban areas, food from anthropogenic sources 

constitutes part of the raccoon diet (Prange et al. 2004) and its availability has a strong positive 

influence on the selection of home range in urban raccoons (Bozek et al. 2007). Additionally, 

increased anthropogenic food sources and shelter reduces the size of the home range of urban 

raccoons (Prange 2004). Home ranges in the cities are small with an average of 5 to 79 ha per 

animal in contrast to 50 to 300 ha for animals in rural regions (Gehrt 2004). In sylvatic habitats 

home ranges can reach up to 702 ha for males and 263 ha for females (Köhneman & Michler 

2009).  

In natural areas, raccoon habitats are deciduous and mixed forests close to water sources like 

rivers, swamps and lakes (Pedlar et al. 1997). In rural and sylvatic regions raccoon densities 

reach up to 8 animals/km2 or 4.7 animals/km2, respectively (Rosatte 2000). Proximity to 

agriculture and rural settlements can increase raccoon density (Pedlar et al. 1997). Raccoons 

are also present in urban environments. In cities, raccoons occur near parks and residential 

areas (Rosatte et al. 1992a, 1992b), and urban habitats maintain a high raccoon density, 

reaching on average 125 animals /km2 with a range of 66.7 to 333.3 animals /km2 (Riley et al. 

1998).  

Causes of death in free-ranging raccoons vary depending on the habitat. Starvation and 

parasitism play a significant role in rural raccoon mortality (Mech et al. 1968, Rosatte 2000). 

However, hunting, trapping and road-kills are the major cause of raccoon deads in rural 
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environments (Sanderson 1987, Rosatte 2000). Predation also occurs in mostly sylvatic areas. 

For example, in a national park near Cleveland, Ohio, USA, raccoon remnants were found in 

18% of coyote scats (Cepek 2004). In urban areas hunting and trapping do not constitute a 

major risk, whereas vehicle accidents are a considerable cause of mortality (Prange et al. 2003). 

Additional to road-kills, infectious diseases like distemper, rabies or parvovirus, and dog attacks 

are the most common causes of mortality for raccoons in  the cities (Riley et al. 1998, Rosatte 

2000, Hadidian et al. 2010).  

Raccoons are considered a pest species in most human populated regions of USA and Canada. 

Furthermore, raccoon-human conflicts occur frequently as the animals can cause substantial 

economic loss due to crop damage, especially in cornfields (Beasley & Rhodes 2008). In urban 

areas raccoons can damage houses and other private property, forage in garbage and attack 

domestic animals. Public perception of raccoons is mostly negative. For example, residents in 

the Chicago metropolitan area where property damage was recorded blamed raccoons 26% of 

the time (Miller et al. 2001). In the late 1990’s economic losses in Chicago due to raccoon 

activity were estimated around 1 million US dollars (Gehrt 2003).  

2.2. Geographical distribution  
Raccoons are native to North and Central America and occur from southern Canada to Panama. 

Outside their native range, raccoons have been introduced to Europe, the Caucasus, Belarus, 

Uzbekistan and Japan (Figure 2). The first of these introductions took place in Europe in the 

Federal State of Hessen, Central Germany. In the early 1900’s, raccoon fur became a popular 

material for winter clothing in the USA; Europe followed this trend and in the 1920’s raccoon 

coats were imported to Europe. Since importing fully finished coats was expensive, some fur 

farms in Germany began importing raccoons from the USA for breeding to meet the demand for 

raccoon fur.  
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Figure 2.- Regions with raccoon occurrence 

The first raccoon release and successful introduction into the wild occurred in 1934 in the 

Federal State of Hessen, in central Germany. Rolf Haag, a local raccoon breeder, requested 

from the Forestry Office the permission to release two pairs of raccoons into the wild with the 

objective to enrich the local fauna. Permission was granted and on April 12th 1934 four raccoons 

were released in Edersee, Northern Hessen(Hohmann & Bartussek 2005). In 1945, a separate 

second introduction took place in Wolfshagen, Brandenburg, Northern Germany, where some 

animals escaped from fur farms that were bombed during World War II.  

Even though raccoons are now distributed throughout Germany, both separate introductions are 

still distinguishable as two density hot spots (Figure 3): one in the centre of the country which 

originates from the 1934 introduction in Hessen; and the other in the North-eastern region of 

Germany, which originated from the animals that escaped in 1945. Currently, between 600,000 

and 800,000 raccoons are thought to be present in Germany (F.-U. Michler, unpublished data).  
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Figure 3. Raccoon hunting bag in Germany during 2001-2003 (Image with kind permission of F-U Michler) 

From Germany raccoons have spread to neighbouring countries. Today, a small population of 

raccoons can be found in Poland (Bartoszewicz et al. 2008), and sporadic to rare occurrence in 

Austria (Spitzenberger et al. 2001), France (Léger 2001), Luxemburg (Schley et al. 2001), The 

Netherlands (Broekhuizen et al. 2001) and Hungary (Heltai et al. 2000). Additional, reports of 

raccoons in Italy (Canova & Rossi 2008) and Spain were recently published, the latter suspected 

as deliberate raccoon releases by pet-raccoon owners (García et al. 2012). 

Independent raccoon introductions also occurred in regions of the former Soviet Union, 

especially the Caucasus, some animals were released in Belarus and Eastern Uzbekistan (Aliev 

& Sanderson 1966, Zima 1978). These introductions established small but stable raccoon 

populations that can be still be found. In Japan raccoon introduction occurred in the late 1970s 

after the success of an animated TV series called “Rascal raccoon” in 1977, which popularized 

the animals. As a result, many raccoons were imported to Japan and were kept as pets (Ikeda et 

al. 2004). When the animals reached puberty and became aggressive, owners irresponsibly 

abandoned them. Raccoon breeders also released animals into the wild owing to reduce 

breeding colony sizes. The Japanese raccoon population has expanded and is now distributed 

throughout 42 of 47 prefectures of the country (Ikeda et al. 2004).  
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2.3. Selected infectious pathogens of raccoons 
2.3.1. Parasites 

Raccoons are hosts of Baylisascaris procyonis, the raccoon roundworm which is a large 

nematode from the family Ascarididae. Raccoons are the final host of B. procyonis, and the adult 

parasite resides in the small intestine. B. procyonis is prevalent across the United States 

especially along the west coast with a prevalence of 68-82% (Kazakos 2001). The parasite life 

cycle begins with unembryonated eggs being shed in raccoon’s faeces. After 11-14 days, the 

eggs transition to an embryonated infective stage represented by the second stage larva. In this 

stage, the parasite can either re-infect the raccoons orally or enter a paratenic host, usually 

small mammals or birds. The paratenic host becomes infected by foraging in raccoon latrines 

while searching for undigested seeds (Kazakos & Boyce 1989). Once infecting the paratenic 

host, B. procyonis larvae hatch from the eggs and aggressively migrate to different organs. The 

lesions vary by host species and individual but initial haemorrhagic lesions can be seen in the 

lung at 12-48 hours post infection in mice. Some of the larvae migrate to the central nervous 

system (CNS) at 3 days post infection and can lead to severe neurological damage or death in 

about 9 days post infection (Sheppard & Kazacos 1997), facilitating opportunistic predation of 

the paratenic host by raccoons (Sheppard & Kazacos 1997, Kazakos 2001). Once adult 

raccoons ingest the paratenic host, the larvae develop into their adult stage in the intestinal 

lumen after 32 to 38 days (Kazakos & Boyce 1989) and the cycle starts again. As young 

raccoons do not feed on paratenic hosts they become infected by second stage larvae from the 

mother’s nipples or fur, contaminated dens or latrines (Kazakos 2001). After ingestion, the larvae 

hatch and enter the mucosa of the small intestines, where they develop for several weeks. The 

parasite then re-enters the intestinal lumen where it will reaches adulthood (Kazakos 2001). B. 

procyonis has a wide range of paratenic hosts with rodents, lagomorphs, birds, and primates 

being especially susceptible, whereas infections in reptiles and amphibians have not been 

recorded (Kazakos 2001). Humans can be infected with the second larval stage of the parasite 

followed by larval migration to different organs. Cases of human baylisascariosis have been 

reported, few of them fatal. Human cases are mostly common in infants (Huff et al. 1984, Fox et 

al. 1985, Cunningham et al. 1994) or patients that have had contact with raccoons (Goldberg et 

al. 1993, Küche et al. 1993). Raccoons are not the only final hosts of B. procyonis and adult 

parasites have been found in the intestine of dogs (Greve & O’Brien 1989), kinkajou (Potos 

flavus) (Overstreet 1970), Northern olingo (Bassaricyon gabbii) (Overstreet 1970) and opossums 

(Didelphis virginiana) (Kazakos & Boyce 1989). 
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Cooler temperatures and adequate moisture typically found in mountainous areas can benefit 

parasite infectivity and allow eggs to persist in the environment for years (Kazakos & Boyce 

1989). B. procyonis prevalence is higher in such areas, while the prevalence decreases in 

warmer and drier regions (Kazakos 2001). Raccoon ecology also affects B. procyonis 

prevalence. Page et al. (2008) reported a higher prevalence of B. procyonis infection of 

raccoons in rural (65%) compared to urban areas (41%). This difference can be explained by the 

incorporation of human originated food in the diet of urban raccoons, which also decreases the 

consumption of paratenic hosts (Page et al. 2008). Because raccoons are attracted to human 

settlements in both urban and rural areas, the risk of infection to humans is considerable, 

especially for homeowners with small children and professionals working with raccoons (Page et 

al. 2009). 

Another parasite of zoonotic importance in raccoons is Trichinella spp., a nematode from the 

family Trichinellidae. The genus Trichinella has eight species and is distributed worldwide. The 

life cycle of Trichinella spp. comprises two developmental stages in one or more hosts. The 

parasite has a large number of host species, which can be mammals, birds or reptiles. The 

female nematode deposits larvae in the intestinal mucosa of the host and the larvae 

subsequently migrate to the lymphatic and blood vessels and then to the skeletal muscles. After 

penetrating the muscle tissue, the larvae induce capsule formation (Taratuto & Venturiello 1997, 

Gottstein et al. 2009). Encapsulated parasites can remain in the host muscle over an extended 

period of time (Fröscher et al. 1988) or until the host is consumed by another potential host. The 

larvae are released during gastric digestion and reach the duodenum where they embed into the 

intestinal mucosa and develop into the adult stage within the first two days post infection. Five 

days post infection, male and female nematodes mate and a new generation of larvae develops 

(Gottstein et al. 1988).  

In humans, acute trichinellosis can result in fever, facial oedema, pyrexia and myalgia, 

commonly accompanied by myocarditis. Chronic trichinellosis causes encephalitis and 

secondary infections such as bronchopneumonia and sepsis (Gottstein et al. 1998). 

Consumption of undercooked meat, especially of porcine or game origin is the most common 

cause of Trichinella spp. infection in humans. Raccoons are known hosts for Trichinella 

(Kobayashi 2007, Hill et al. 2008) although no case of human trichinellosis spread by raccoons 

has been reported, animals living in close proximity to domestic swine or to game animals could 

further transmit the parasite functioning as a vector host (Dame et al. 1987).  

In addition to B. procyonis and Trichinella spp., raccoons can carry a considerable number of 

helminth species. More than 30 species of trematodes, 15 species of nematodes, three cestode 
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species and one Acanthocephala species (Macracanthorhynchus ingens) have been found in 

raccoons (Jordan & Hayes 1959, Harkema & Miller 1964, Bafundo et al. 1980, Cole & Shoop 

1987, Richardson et al. 1992). Among these are trematodes from the genus Alaria. Raccoons 

have been reported as paratenic hosts for the mesocercarial stage of two Alaria species: Alaria 

mustelae and Alaria marcianae (Bosma 1931, Shoop & Corkum 1981). The genus Alaria  

belongs to the Diplostomatidae family. It consists of six known species, five of which occur in 

North and South America. Alaria alata is the only species present in Europe. The life cycle for 

Alaria spp. includes two intermediate hosts and seven developmental stages. The eggs are shed 

in the faeces of the final host such as species in the families Canidae, Felidae or Mustelidae. 

Once in the environment, miracidia hatch from the eggs after two weeks and actively infect the 

first intermediate host: four genera of fresh water snails (Planorbis, Heliosoma, Lymnea and 

Anisus). Within a year, two generations of sporocysts develop in the snail host. Tailed cercariae 

are released into the water and infect the second intermediate host: amphibian tadpoles. In the 

second intermediate host, the cercariae develop into mesocercariae and infect the final host by 

predation of the secondary intermediate host. In the final host, the mesocercariae migrate to the 

lungs and mature into metacercariae, which migrate to the intestine and develop into the adult 

phase. The life cycle can be extended at the mesocercarial stage by addition of a paratenic host 

in which the mesocercariae stays in a resting phase encysted within the tissue.  

Humans can be infected by the mesocercarial stage of Alaria spp. by consuming undercooked 

or raw meat of a paratenic host, including raccoon meat in one case (Beaver et al. 1977, Kramer 

et al. 1996) or the secondary intermediate host (Shea et al. 1976, Freeman et al. 1976, 

Fernandez et al. 1976, McDonald et al. 1994). Human alariosis can cause mild respiratory or 

cutaneous disease (Beaver et al. 1977), unilateral neuroretinitis (Bialasiewcz 2000), or fatal 

anaphylactic shock in as represented by a single case (Freeman et al. 1976). So far, seven 

cases of human infection with Alaria mesocercariae have been reported, all occurring in North 

America (Byers & Kimura 1974, Fernandez et al. 1976, Freeman et al. 1976, Shea et al. 1973, 

Beaver et al. 1977, Mcdonald et al. 1994, Kramer et al. 1996). No cases of human alariosis have 

been reported in Europe, however, Alaria alata has been detected with increasing frequency in 

meat from wild boar (Sus scrofa) in European countries including Germany and France (Möhl et 

al. 2009, Portier et al. 2011, Riehn et al. 2012, Paulsen et al. 2012, Portier et al. 2013, Riehn et 

al. 2014). The Federal Institute of Risk Assessment (BfR) in Germany considers meat infected 

with A. alata mesocercariae unfit for human consumption (BfR 2007).  

Ectoparasites like lice (Richardson et al. 1994, Nelder & Reeves 2005), ticks (Hamir et al. 1993, 

Richardson et al. 1994, Nelder & Reeves 2005, Monello & Gompper 2007) and mites 
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(Richardson et al. 1994, Ninomiya & Ogata 2002, Nelder & Reeves 2005) have been reported in 

raccoons. One of the mites species found (Fitzgerald et al. 2004) is Sarcoptes scabiei, the 

aetiological agent of Sarcoptic mange. It belongs to the family Sarcoptidae that infects the 

epidermis of more than 100 host species including members of the families Bovidae, Cervidae, 

Suidae, Canidae, and Mustelidae. It also affects primates such as Gorillas (Gorilla gorilla) or 

humans (Pence & Ueckermann 2002). Currently, the parasite is considered a single species with 

several varieties and a certain degree of host specificity, the first remains a topic of debate 

(Walton et al. 2004). S. scabiei is distributed worldwide; the life cycle of the mite occurs in a 

single host. The female burrows tunnels into the epidermis and eggs are laid in these tunnels. 

After three days, the eggs hatch and the larvae emerge and reach the first nymphal stage 

(protonymphs). The second nymphal stage, called tritonymph, occurs three days later. Two to 

four days later the mite matures into the adult stage (Arlian 1989, Bornstein et al. 2001). The 

disease mange is mainly caused by the mechanical disruption and chewing by the mite when it 

burrows into the skin, as well as the secretions and excretions of dead S. scabiei, mites, egg 

shells and skin of nymphs and adults which generate hypersensitivity reactions by the host 

(Arlian 1989, Bornstein et al. 2001, Pence & Ueckermann 2002). Clinical signs start within 2 to 3 

weeks post infection and consist of papules and seborrheic dermatitis. Five to seven weeks post 

infection intensive pruritus, hyperkeratosis and alopecia developed. Changes are progressive 

and thick encrusted skin lesions and serous exudates develop to cover most of the body. The 

main histological lesion is severe hyperkeratosis with leucocyte infiltration (Nimmervoll et al. 

2013). The host becomes dehydrated, emaciated and dies 2 to 3 months after infection 

(Bornstein et al. 2001, Pence & Ueckermann 2002). In wildlife populations epizootics have been 

reported in carnivore species such as red foxes (Vulpes vulpes) (Mörner 1992), wolves (Canis 

lupus) (Todd et al. 1981), coyotes (Canis latrans) (Pence & Windberg 1994), and a few cases in 

lynxs (Lynx lynx) (Ryser-Degiorgis et al. 2002). Wildlife ungulates are also affected by S. scabiei. 

European populations of chamois (Rupicapra rupicapra) and ibex (Capra ibex) experience 

epizootics of sarcoptic mange in a 15-year intervals (Rossi et al. 1995). Even though wildlife 

populations are able to recover from sarcoptic mange epizootics (Bornstein et al. 2001, Pence & 

Ueckermann 2002), public health concerns exist since transmissions between wildlife and 

domestic animals and occasionally between wildlife and humans can occur (Arlian 1989, 

Bornstein et al. 2001, Pence & Ueckermann 2002). However, the frequency of such interspecies 

transmissions is still not clarified (Pence & Ueckermann 2002). 
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2.3.2. Viruses 

Canine distemper virus (CDV) is an RNA virus of the family paramyxoviridae, genus 

Morbillivirus. Examples of other members of the genus are measles virus, peste-des-petits-

ruminants virus and rinderpest virus. CDV infects a wide range of carnivore hosts, including 

domestic and wild canids such as dogs, foxes, coyotes, and wolves. Other carnivores such as 

mustelids, procyonids, ursids, and large felids can also be infected. Despite vaccination 

programs in domestic and captive carnivores, CDV is present worldwide. The virus is highly 

contagious and it affects animals of all ages although juveniles are more susceptible. Infected 

animals exhibit gastrointestinal and respiratory clinical symptoms that can be accompanied by 

central nervous system symptoms (Amude et al. 2007). Transmission occurs through body 

secretions and excretions. Twenty-four hours after infection, CDV replicates in macrophages, 

spreads to tonsils and bronchial lymph nodes and proliferates. Less than one week after 

infection, the virus is found in spleen, gastrointestinal lamina propia, mesenteric lymph nodes 

and Kupffer’s cells in the liver (Greene & Appel 2006). By day eight to nine CDV reaches the 

CNS and epithelial tissues and viral shedding begins (Greene & Appel 2006). CDV invasion of 

CNS tissue depends on host and viral strain (Deem et al. 2000). It has been reported that CDV 

reaches the CNS through the cerebrospinal fluid (Higgins et al. 1982), cerebral blood vessels, 

the olfactory nerve (Rudd et al. 2006) or meningeal cells of the pia mater (Baumgärtner et al. 

1989). Common histological findings include eosinophilic inclusion bodies in epithelial cells of 

lung, kidneys, urinary bladder and gastrointestinal tract. The lung tissue usually reveals broncho-

interstitial or interstitial pneumonia with proliferation of pneumocytes type II and syncytial cells. In 

the CNS inclusion bodies are found in glial cells and neurons, demyelination and non-

suppurative perivascular cuffing and leptomeningitis are also observed. Chronic cases present 

severe hyperkeratosis of the nose and footpads (hard pad disease). 

Canine distemper is one of the main infectious mortality causes in urban and rural raccoons 

(Rosatte 2000, Hadidian et al. 2010) with regular reports of outbreaks in raccoon populations 

(Deem et al. 2000). It has been suggested that raccoons play a role in distemper epidemics in 

occurring in domestic dogs and other wildlife carnivores (Cranfield et al. 1984, Nakano et al. 

2009) especially in threatened species such as the Island fox (Urocyon littoralis) in California, 

USA (Timm et al. 2009).  

Rabies is a fatal zoonotic disease that infects all mammals and causes viral encephalomyelitis. It 

is responsible for approximately 50,000 human deaths worldwide each year (Knobel et al. 2005). 

The aetiological agent is a single-stranded RNA virus belonging to the order Mononegavirales, 

family Rhabdoviridae, and genus Lyssavirus. Rabies viruses in this genus include the classical 
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rabies virus, Mokola virus, Lagos bat virus, European bat lyssavirus 1 and 2, and Australian bat 

lyssavirus. The most common route of infection is via saliva of a rabid animal transferred by 

biting or scratching another animal. The virus initiates infection by replicating in the wound 

tissue, though the incubation period can vary from days to years. From the initial point of entry 

the virus reaches the peripheral nerves and attaches to nerve endings moving towards the CNS. 

Once the virus reaches the CNS, it massively increases replication resulting in disease that has 

a fatal outcome soon after the first clinical signs of the acute neurological phase. The infected 

individual can die within days. Microscopic lesions in the CNS of infected animals exhibit non-

suppurative perivascular cuffing, mononuclear infiltration, Negri bodies, or Babè’s nodules of 

glial cells. Rabies transmission occurs sylvatic and an urban, cycles. The sylvatic cycle is 

maintained by different wildlife species, for example in North America by raccoons, skunks, 

coyotes, and foxes. In South America vampire bats are a major reservoir. In Europe, foxes or 

raccoon dogs are the key reservoir species. The sylvatic cycle can converge with the urban 

cycle, in which dogs are the main reservoir, by transmission from wildlife, especially urban 

adapted species like raccoons or foxes to domestic dogs. This circumstance is particularly 

important in countries where only dog rabies is controlled. 

Feline panleukopenia virus (FPV) is a single-stranded DNA parvovirus from the family 

Parvoviridae, subfamily Parvovirinae. The virus is distributed worldwide and can infect felids, 

especially domestic cats, mustelids, procyonids and viverrids. FPV does not infects canids 

although it is closely related to canine parvovirus 2 (CPV-2), which was first described in 1978 

and spread rapidly among canids.Subtypes of this virus exist: CPV-2a and CPV-2a-derived 

strains. While CPV-2 is thought to be unable to infect cats, subtypes have been isolated from 

cats suffering from panleukopenia (Truyen et al. 1996). However, the epidemiology of CPV-2a or 

derived subtypes in cats has not been studied. Both FPV and CPV are highly contagious and 

are acquired by direct contact with infected animals or faeces. The virus initially replicates in the 

pharyngeal lymphoid tissue and spreads from there to other organs via the blood stream 

(Parrish 2011). Subsequently, the virus replicates in lymphoid organs where it destroys 

leucocytes causing profound leukopenia. Since the virus replicates in dividing cells, not just 

leucocytes, epithelial cells of the intestinal mucosa are also affected causing diarrhoea. During 

post-mortem examinations, petechial haemorrhages on the bowel serosa or segmental 

congestion of the mucosa can be found. Histology shows attenuation of the epithelium lining and 

distended intestinal crypts. Intranuclear inclusion bodies are rarely present in crypt cells. CPV 

pathology is similar to FPV but may additionally cause myocarditis in pups. Raccoons are 

susceptible to FPV and to a closely related virus called Mink enteritis virus (MEV) (Barker et al. 
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1983). Barker et al. (1983) experimentally infected raccoons with FPV and MEV. Raccoons 

infected with FPV had diarrhoea with blood or fibrin, appetite loss,  depression and finally died 

between six to ten days post infection. For Raccoons infected with MEV the virus was highly 

virulent and the animals showed similar symptoms as FPV infected raccoons. Experimental CPV 

infections of raccoons did not result in clinical disease or sporadic shed of the virus in the faeces 

(Barker et al. 1983). However, viral strains closely related to CPV-2 have been isolated from a 

single raccoon with clinical signs of parvoviral infection (Kapil et al. 2010). In urban areas of the 

South-eastern USA, FPV sero-prevalence in raccoons ranges from 25% to 89%, suggesting that 

urban raccoons are commonly exposed to the virus (Junge et al. 2007). Raccoons are able to 

carry both feline and canine parvovirus, and thus it has been hypothesized that they may have 

played a role in the evolution of parvoviruses, specifically, the adaptation of parvovirus to canine 

hosts (Allison et al. 2014).  

Canine adenovirus type 1 (CAV-1) is a linear double-stranded DNA virus from the genus 

Mastadenovirus, family Adenoviridae. It was first described in wild foxes in the 1920’s and later 

detected in domestic dogs in the 1930’s. Since then, the host range of CAV-1 has expanded to 

include canids, mustelids, ursids and procyonids. Clinically, the disease is characterized by 

fever, apathy, anorexia, conjunctivitis and discharge from eyes and nose. Initial infection occurs 

through the oropharynx. Having entered the host, the virus infects tonsils and spreads to lymph 

nodes and blood. It infects endothelial and parenchymal cells of liver, kidneys, spleen and lungs, 

causing haemorrhage and necrosis (Knowles 2011). Intranuclear inclusion bodies can be found 

in hepatocytes and Kupffer cells. CAV-1 has been controlled in domestic dogs in many countries 

by vaccination. However, CAV-1 transmission from wildlife to dogs can occur since the virus is 

still present in wild carnivores like foxes (Åkerstedt et al. 2010, Thompson et al. 2010), artic 

foxes (Åkerstedt et al. 2010), gray foxes (Gerhold et al. 2007), wolves (Åkerstedt et al. 2010), 

European mink (Philippa et al. 2007), urban raccoons (Junge et al. 2007), and other raccoon 

species such as the pygmy raccoon (McFadden et al. 2005). 

In addition to the viruses most commonly associated with carnivore populations, raccoons can 

also be infected by suid herpesvirus 1 (SuHV-1). This virus is the aetiological agent of Aujeszky’s 

disease or pseudorabies, which is an important infectious disease in the pork production 

industry. SuHV-1 is a double-stranded DNA porcine virus from the family Herpesviridae. It is 

distributed worldwide and its main hosts are domestic pigs and wild boars. Vaccination has 

successfully eradicated the virus in domestic swine populations form Norway, Finland, Germany, 

Austria, Sweden, UK, Denmark, Canada, New Zealand and the United States. In some of these 

countries, however, SuHV-1 is still present in the free-ranging wild boar population (Ketusing et 
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al. 2012). The virus can occasionally infect non-suid wildlife species that have been in contact 

with pigs or wild boar. Pseudorabies has been reported in rats (Von Becker & Herrmann 1963), 

roe deer (Nikolitisch 1954), Florida panther (Glass et al. 1994), black bear (Schultze et al. 1986), 

coyotes (Raymond et al. 1997), and raccoons (Kirkpatrick et al. 1980, Thauley & Wright 1982, 

Junge et al. 2007). In swine, the disease presents respiratory infections in adult pigs and 

abortion in sows. The virus spreads via an oral-faecal or venereal route in pigs. Once in the 

host,the virus spreads to lymph nodes or CNS. Mortality in pigs is low, while many wild species 

like raccoons, bears or coyotes succumb to the disease. Carnivores most likely get infected 

when ingesting infected boar or pig. Other species like deer contract the virus when grazing in 

proximity to infected swine populations. 

2.3.3. Bacteria 

Raccoons are known vectors for Leptospira spp., which are zoonotic bacteria with a worldwide 

distribution. Leptospira are obligate aerobic spirochetes and the genus Leptospira has 17 

species (Bharti et al. 2003). Leptospirosis infects humans, domestic and wild mammals. It 

occurs globally in industrialized and developing countries, although it is more common in tropical 

regions. Leptospira spp. is transmitted through minute skin lacerations or mucosal contact with 

urine of an infected host or contaminated soil or water. The pathogenic mechanisms of 

Leptospira spp. have not been entirely elucidated (Kelly 1989, Bharti et al. 2003). Once in the 

host, the bacteria spread via bloodstream to kidneys, liver, meninges, skeletal muscles or 

placenta. The disease manifestations are variable and include renal failure, febrile illness, 

pulmonary haemorrhage or subclinical infection (Bharti et al. 2003). Chronically infected hosts 

are typically asymptomatic although they harbour and shed Leptospira for months or longer via 

urine (Kelly 1989). Histologically, interstitial nephritis is present in many cases. However, chronic 

carriers of Leptospira spp. do not commonly present such lesions (Bharti et al. 2003). Rats and 

domestic dogs are considered as major vectors followed by cattle, swine, goats (Kelly 1989), 

and raccoons as a major wildlife host (Kelly 1989, Richardson & Gauthier 2003, Junge et al. 

2007, Tan et al. 2014). 

Salmonella species are also among the major bacterial pathogens associated with raccoons 

(Morse et al. 1983, Compton et al. 2008, Jardine et al. 2011, Lee et al. 2011). Salmonella are 

zoonotic Gram-negative motile bacteria of the family Enterobacteriaceae and are distributed 

worldwide. The genus Salmonella consists of more than 2,400 different serotypes, all of them 

potentially pathogenic (Carter & Wise 2004), infecting a wide range of mammalian, avian, and 

reptile hosts. The bacteria are transmitted by contaminated food, water, or faeces and primarily 

colonize epithelial cells of the ileum and colon. Clinical disease occurs primarily in stressed 

14

2. LITERATURE REVIEW



     
        
   

 
 

hosts since stress facilitates Salmonella invasion of the intestinal epithelium (Plym Forshell & 

Wierup 2006). Animals with clinical signs present diarrhoea, fever and in many cases they die 

from the infection (Jahraus & Philips 1999). Salmonellosis is also of importance in public health 

as 1.3 billion human cases are reported annually (Coburn et al. 2007). Wildlife is closely 

associated with Salmonella outbreaks in humans (Handeland et al. 2002), domestic animals 

(Humphrey & Bygrave 1988), and food contamination by Salmonella spp. (Orozco et al. 2008). 
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Abstract  
Background 
Raccoons (Procyon lotor) were introduced into Germany in 1934. Despite the raccoons’ successful 
establishment in Europe, knowledge on their infectious diseases is limited. This study aimed to investigate 
the occurrence of pathogens and sub- /clinical infectious diseases present in rural/sylvatic and urban 
raccoons from north-eastern Germany.  
Results 
Two hundred and forty hunted, road-killed or euthanized raccoons from Müritz National Park (MNP) 
(n=100) and Berlin metropolitan area (n=140) were collected. Macroscopic findings were mostly 
traumatic injuries related to the cause of death. Histologically, in more than half of the examined raccoons 
inflammatory lesions were found (65.6%); the most common inflammatory change was an infiltration by 
mononuclear cells and eosinophils in various organs. A number of pathogens, known to commonly occur 
in the raccoons’ North American conspecifics, were detected: Canine distemper virus (CDV), parvovirus 
(PV), Leptospira spp. and L. interrogans, Salmonella enterica, Yersinia enterocolitica, Sarcoptes scabei 
and Metorchis sp. Other infectious agents were newly described like Alaria alata or Streptococcus canis. 
Some pathogens seem to prevail in one habitat, e.g. A. alata almost exclusively infected raccoons from the 
sylvatic MNP, while infection with Leptospira spp. and S. scabei were associated with the urban habitat. 
None of the animals was positive for rabies, canine infectious hepatitis, Aujeszky’s disease, Baylisascaris 
procyonis or Trichinella spp. 
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Conclusions 
Despite being an alien species, raccoons settled well into the different habitat types of Germany and carry 
a similar range of diseases as in their native North America. Rural/sylvatic and urban raccoons from 
Germany revealed some distinct differences in their pathogen burden. However, their role as reservoir host 
for certain pathogens seems currently of lesser importance than known from North America. Whether this 
will change while their population number in Germany keeps increasing or whether native wildlife species 
like red foxes will sustain their apparent leading role as reservoir host for certain pathogens has to be seen. 
In any case, the exploitive behaviour of raccoons of human settlements should prompt applied measures to 
avoid transmission of zoonotic pathogens. Interdisciplinary work between wildlife ecologists and 
veterinarians will help to establish balanced solutions for both wildlife and human perspectives. 
 

Background  
The introduction of foreign species into a new geographical region can influence the local biodiversity or 
the occurrence and distribution of pathogens. In Europe 71 non-European mammal species were 
introduced, 37 species have established populations in one or more European countries [1]. One of these 
species is the North-American raccoon (Procyon lotor), a medium-sized mammal whose adaptability to 
different environments facilitated its wide distribution from Canada to Panama. Raccoons occur in 
sylvatic, rural, and urban areas. In the cities and rural regions, raccoons tend to approach human 
settlements to exploit anthropogenic resources such as shelter and food. They are known as successful 
urban adapters with population densities that can exceed 100 animals /km2 [2] and they are well-known 
carriers of pathogens of public health importance [2, 3]. For example, in North America raccoons are an 
important reservoir species for rabies and canine distemper [4, 5]. Raccoons are also the final host of the 
nematode Baylisascaris procyonis, a zoonotic parasite that can cause severe to fatal neurological damage 
in birds and mammals including humans [3]. Between 1975 and 2000 23 cases of human baylisascariosis 
were registered in the USA, six of them fatal [3]. 
In Germany, the raccoon was introduced in 1934 to the Federal State of Hessen in central Germany. A 
second separate introduction took place in 1945 in the north-eastern part of the country. Today, raccoons 
are widespread throughout Germany but the two initial introduction areas can still be differentiated as 
hotspots of these populations [6, 7]. In 2011/2012 the hunting bag for raccoons counted 70,000 animals 
[8] and 500,000 raccoons are estimated to live in Germany today. They also occur in the neighbouring 
countries although with distinctly lower population numbers. Raccoons are sporadically sighted and 
estimated populations of a few hundred animals are assumed for Austria (personal communication, 
Walzer, Vienna University), Belgium (personal communication, Van den Berge, Instituut voor Natuuren 
Bosonderzoek), the Netherlands [9] and Switzerland (personal communication, Bontadina, 
stadtwildtiere.ch). For France there is a local population of estimated 300-500 raccoons in the Ardennes 
and a few sightings are reported mostly from the north-eastern part of the country[10]. In the Czech 
Republic and in Denmark only a few animals are regularly sighted [11, 12] and in Poland they are 
reported to be locally abundant [13].  
Similarly to their American counterparts, raccoons are thriving in German urban areas with densities of 
100 animals /km2 reported for the city of Kassel, Federal State of Hessen [14]. But despite their successful 
establishment in the Europe, there is still a lack of information regarding diseases and infectious 
pathogens present in these animals [15]. Raccoons in central Germany are known to carry B. procyonis 
with a prevalence of 71% for Hessen [16], which is comparable to prevalences in the US (68 - 82%) [3]. 
In the German Federal States adjacent to Hessen the prevalence of B. procyonis prevalence is lower with  
60% in Lower Saxony and 39% in Saxony-Anhalt [17, 18], while a previous study in raccoons in north-
eastern Germany reported the absence of the in this region [19]. Canine distemper virus (CDV) was found 
in rural [18, 20, 21] and urban [22] raccoons from northern Germany. In 2008 Germany was officially 
declared free of rabies. Before this, between 1960 and 1977 15 rabies cases were reported in raccoons in 
former West-Germany [23]. Five additional cases, with the last case in 2000, occurred between 1990 and 
2006; for comparison there were 10534 rabid foxes in the same 16 years’ period [24]. In contrast to North 
America the importance of raccoons for this disease’s ecology seem to be rather minor [6, 25]. 
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In the past few years, a number of reviews were published aiming to increase awareness in Europe 
regarding the potential impact of raccoons in disease transmission [15, 25, 26]. However, as they are 
mostly based on the situation of North America the information presented may not be representative for 
raccoons in Germany or Europe.  
To elucidate the occurrence of diseases in raccoons from Germany, we investigated raccoon carcasses 
from a sylvatic and an urban population by histopathology and molecular methods to determine possible 
sub- /clinical lesions as well as the presence of selected pathogens. Moreover, it was the aim to evaluate 
the potential risk of infectious disease transmission from raccoons to native wildlife, domestic animals or 
humans in this region.  

Methods 
Study Area 
The Müritz National Park (MNP) is located in the north-eastern Federal State of Mecklenburg-Western 
Pomerania. With an extension of 322 km2, MNP consists of broadleaf tree forests and ramified peatbogs 
and swamps. The area is very rich in wildlife species and it is also popular for recreational tourism and 
hunting. Raccoon carcasses collected from MNP were part of a long-term study designed to investigate 
raccoon ecology in this area [20].  
Berlin is the most populated and largest city in Germany with around 3.4 million inhabitants in 892 km2. 
The city outskirts are covered with woodlands, lakes, numerous parks, and green areas are distributed 
throughout the urban landscape. Buildings and urbanized areas comprise 56.1% of the city area, forest, 
public green areas and agricultural land represent 18.3%, 14.5% and 4.4 % respectively. Besides humans 
and domestic animals, mostly pets, local wildlife species such as red foxes (Vulpes vulpes), wild boars 
(Sus scrofa), and wild rabbits (Oryctolagus cuniculus) are commonly spotted in the Berlin landscape. 
Raccoon samples 
From 2006 to 2013, a total of 240 raccoon carcasses were collected. One hundred of them were derived 
from MNP and 140 animals originated from Berlin metropolitan area. The latter included 97 animals from 
a distemper outbreak in Berlin. The age determination of the animals was based on size, weight and dental 
appearance according to Grau et al [27]. Animals collected from MNP were frozen at -20°C and later sent 
to the Leibniz Institute for Zoo and Wildlife Research for post-mortem examination. Raccoon carcasses 
retrieved from Berlin were immediately examined macroscopically at the Berlin-Brandenburg State 
Laboratory. 
Histo-pathology examinations 
A full necropsy was performed on all raccoons. For histology, tissue samples of brain, tongue, tonsils, 
thyroids, submandibular and mesenteric lymph nodes, lung, heart, liver, stomach, intestine, kidney, urinary 
bladder, adrenal glands, and reproductive organs were retrieved from 148 (MNP: 100, Berlin: 48) raccoon 
necropsies including 5 raccoons belonging to the CDV outbreak, whereas tissue samples of 92 Berlin 
raccoons collected during the CDV outbreak (outbreak group) in winter 2012/2013 [22] were limited to 
central nervous system (CNS), lung, liver, spleen and kidney . Tissue samples were fixed in 4% formalin, 
processed routinely and embedded in paraffin. Sections of 4µm were cut, stained with haematoxylin-eosin 
(HE) and examined by light microscopy. Depending on histological findings, Azan, Giemsa, Sudan red, or 
silver staining was additionally used when necessary. To investigate the ultrastructure of specific cells 
transmission electron microscopy was performed. Formalin fixed tissue samples from lymph nodes were 
transferred in 3% glutaraldehyde solution (w/v). After a washing step in phosphate buffered saline solution 
(pH 7.2) samples were fixed again in 2% osmium tetroxide, dehydrated via increasing ethanol 
concentrations and samples were embedded in EPON 812. Ultrathin sections were contrasted with uranyl 
acetate and lead citrate and examined with a Tecnai G2 electron microscope (120 kV; Nijmegen, 
Netherlands). 
Parasitology examinations 
When possible, ectoparasites were collected and classified by their taxonomic order following Wall and 
Shearer [28]; no species differentiation was made except for mites. Mite species were identified bytheir 
characteristic morphology according to Fain [29]. Investigations on endoparasites were mainly focused on 
the zoonotic nematodes B. procyonis and Trichinella spp. During necropsy, intestines were dissected and 
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carefully searched for adult B. procynis and other helminths. A broad classification of helminths in 
nematodes, trematodes and cestodes  in the intestines followed Castro [30]; B. procyonis identification 
followed the morphological description of Sprent [31]. For Trichinella spp. analyses, the diaphragms and 
skeletal muscles from the lower extremities were stored at -20°C and were later submitted to the National 
Reference Laboratory for Trichinella, Federal Institute for Risk Assessment, Berlin, Germany. Muscle 
samples were analysed by artificial digestion using the magnetic stirrer method following regulation (EC) 
No. 2075/2005 [32].  
Virology examinations 
For virology screening, five viral agents previously reported in raccoons were selected: lyssavirus (rabies), 
canine distemper virus (CDV), parvovirus (PV), canine adenovirus 1 (CAV-1), and suid herpesvirus 1 
(SuHV-1) [4, 21, 33, 34]. Tissue samples of thirty raccoons from MNP and thirty animals from Berlin 
were selected based on sufficient tissue preservation determined by histological examination. The integrity 
of these samples was also tested by amplifying a house keeping gene (beta-actin) (Table 1S additional 
files). From each animal small pieces of cerebrum, cerebellum, liver, spleen, intestines, tonsils and lymph 
nodes were frozen at -80°C. For molecular investigations these samples were pooled as follows: lymph 
nodes and tonsils, liver and kidney, lung and spleen, cerebrum and cerebellum, small and large intestine. 
DNA and RNA were extracted from these sample pools using the RNeasy Kit (Qiagen GmbH, Germany) 
following manufacturer’s instructions. For lyssavirus, only the CNS was tested. Brain and lung samples 
from the outbreak group (n=97) were tested for CDV [22]. For lyssavirus, the reverse transcription nested-
polymerase chain reaction (RT-PCR) assays followed instructions by Vázquez-Morón et al. [35]. Canine 
distemper virus RT-PCR was conducted as described by Becher et al. [36] with two sets of primers that 
target a conserved region of the N-gene. Conventional nested PCR assays were performed for the DNA 
viruses: PV, CAV-1 and SuHV-1. Every set of PCR used 50µl of reaction including 0.5 µl of each primer 
(Table 1S additional filesl) and 2.5µl of extracted DNA. Primer sequences are shown in Table 1. PCR 
products were analysed in 1.5% agarose gel and checked for bands of the respective amplicon size.  
Bacteriology examinations 
Kidney samples of the 60 animals selected for virological screening including five raccoons with 
histologic evidence of interstitial nephritis as well as five additional animals with interstitial nephritis were 
used for screening for Leptospira spp. (MNP: 31, Berlin: 34). DNA was extracted from these kidneys 
using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) following manufacturer’s instructions. For 
identification of the genus Leptospira, Lipl32, a highly conserved gene in all pathogenic Leptospira strains 
was targeted. The Lipl32 PCR protocol was performed according to Mayer-Scholl et al. [37]. Positive 
samples were consequently submitted for species identification through sequencing of a 254 bp segment 
of the secY gene following Victoria et al. [38]. The sequence type of each isolate was obtained using the 
multilocus sequence typing (MLST) scheme adapted from Thaipadungpanit et al. [39]. 
Further bacteriological investigations were restricted to organs with macroscopic lesions suspicious for 
bacterial infection. Respective tissue samples were cultured on Columbia agar with 5% sheep blood, 
Gassner agar, chocolate agar and/or Brilliance UTI clarity agar (all Oxoid Deutschland GmbH, Wesel, 
Germany) under aerobic, capnophilic (5% CO2) or and anaerobic conditions. Dependent on the results of 
the Gram stain as well as the catalase and oxidase test (Becton Dickinson GmbH, Heidelberg, Germany), 
biochemical identification of the bacteria was performed by traditional biochemical analysis[40] or by 
using the respective API® Identification System (BioMérieux Deutschland GmbH, Nürtingen, Germany).  
For culture isolation of Yersinia sp. samples were directly streaked out on CIN agar and additionally, cold 
enrichment was performed (1ml Phosphate buffered saline (PBS), 4° C, 28 days). Colonies with 
suspicious morphology were biochemically identified via API 20E System (BioMérieux Deutschland 
GmbH, Nürtingen, Germany). 
Clostridium perfringens toxins were identified by a multiplex PCR on C. perfringens toxins alpha, beta, 
epsilon, iota and enterotoxin was performed using the protocol by Meer and Songer [41]. 
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Results  
Of the 240 raccoons examined in this study, 130 (54.1%) were male (MNP: 56, Berlin: 74), 102 (42.5%) 
were female (MNP: 44, Berlin: 58), while in 8 cases (3.3%) the sex could not been determined due to 
severe body destruction (road kills). Adults comprised 67.9% (MNP: 51, Berlin: 112) of the total, 28.3% 
(MNP: 46, Berlin: 22) were juveniles; neonates and sub-adults represented 0.4% (MNP: 1, Berlin: 0) and 
1.2% (MNP: 2, Berlin: 1) respectively, in five animals age was not determined due to severe body 
destruction (road kills). The collected animals were hunted (MNP: 52, Berlin: 47), road-killed (MNP: 46, 
Berlin: 43), found dead (MNP: 1, Berlin: 38) or euthanized (MNP: 1, Berlin: 12). 
Macroscopic findings 
During necropsy in all animalsa peculiar, but for raccoons physiologic, finding was a characteristically 
firm texture of the liver, which after exenteration prevented the liver to flatten but instead to keep a rather 
bulged shape instead (Figure 1A). The pancreatic tissue was of similar texture and cross-sectioning of the 
pancreas’ lobes showed a firm almost triangular cut surface. 
Traumatic injuries associated with the cause of death were found in 76 out of the 148 animals necropsied. 
In these raccoons, severe haemorrhages and tissue destruction caused by gunshots were detectedas well as 
lesions due to road kills like skin lacerations or abrasions, closed or open fractures, diaphragmatic hernia 
with thoracic displacement of the stomach, or rupture of the abdominal wall with evisceration of liver and 
intestines. 
Besides traumatic injuries, other macroscopic changes were found in 32% (n=48) of the 148 animals 
necropsied. In these animals, a main gross finding unrelated to trauma was multifocal capsular fibrosis of 
the liver (MNP: 32/100, Berlin: 10/48) (Figure 1A). Five raccoons (MNP: 1/100, Berlin: 4/48) collected 
between late autumn and late winter presented yellowish coloration of the liver consistent with fatty 
degeneration. Other macroscopic lesions detected were mild to moderate follicular hyperplasia of spleen 
or lymph nodes (MNP= 3/1010, Berlin: 5/48), large renal medullary cysts (MNP: 1/100, Berlin: 1/48), and 
left kidney hypoplasia (Berlin: 1/48). Finally, multifocal small white abscesses in the liver (MNP: 1/100), 
haemorrhagic enteritis (Berlin: 1/48), and purulent vaginitis (MNP: 1/100) were also found in these 
animals. 
Histo-pathological findings and related aetiologies 
In total, organs of 224 out of 240 animals (MNP: 84, Berlin: 140) were histologically examined (Table 2S 
additional files). Organ samples of 16 MNP animals were not considered due to severe autolysis of the 
carcasses (n=15) or complete organ destruction in one road-killed animal.  
As a physiologic finding all livers exhibited distinct fibrous connective tissue scaffolding (Figure 1B) 
which separating the hepatic lobules and which is responsible for the bulged macroscopic appearance of 
the organ. Similar connective tissue scaffolding was found in the pancreas. 
Overall, histo-pathological changes were found in 84.8% (n=190) of the 224 raccoons and are summarized 
in table 2S, additional files. Inflammatory lesions mostly of mild degree, occurred in one or more organs 
in 147 (65.6%) of the raccoons. In general, the predominant cell type were eosinophilic granulocytes, 
while surprisingly sparse numbers of neutrophils were found. Because of the brightly stained cytoplasm of 
neutrophils and the unexpected high number of eosinophils in all organs, electron microscopy was used to 
confirm that eosinophils were not accidentally confused with neutrophilic granulocytes. The typical 
ultrastructure morphology of the granules verified these cells as eosinophils [42]. Mild to moderate 
follicular hyperplasia of the spleen was found in 112 raccoons (MNP: 44, Berlin: 68), of the lymph nodes 
in 26 animals (MNP: 17, Berlin: 9) and of the tonsils in 13 individuals (MNP: 7, Berlin: 6). Furthermore 
in 97 of the animals with follicular hyperplasia, concurrent inflammatory lesions in one (MNP: 15, Berlin; 
49) or more (MNP: 26, Berlin: 11) organs were also detected. In 68 of the 224 raccoons histopathological 
changes were suggestive of or could be attributed to a specific aetiology, these findings are summarized 
below..  
The most common non-inflammatory findings were seasonal hepatic fatty degeneration (MNP: 10/84, 
Berlin: 26/140) confirmed by positive Sudan red staining (Figure 1C), and multifocal mild anthracosis in 
the lung (MNP: 3/84, Berlin: 23/140).  
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Histopathology findings with parasitic aetiology 
Histo-pathologic lesions caused by endoparasites were a major finding and were detected in 68 out of 224 
cases, which comprised 48/84 of the MNP raccoons and 20/140 of Berlin raccoons. In general, parasite 
related histo-pathological changes most often included granulomatous inflammation with occasional 
cross-sections of nematode larvae (Table 2S, additional files). Severe nematode infection and larval 
migration tracts in more than four organs were recorded in four MNP raccoons. 
Lymph nodes of 53/132 raccoons (MNP: 40/84, Berlin: 13/48) were often severely infiltrated by 
eosinophilic granulocytes, either generalized or restricted to the subcapsular space or the eosinophils 
demarcated focal granulomas (MNP: 20/84, Berlin: 2/48). The granulomas were mostly localized adjacent 
to the capsule or within the cortex close to the capsule. In the liver confluent tracts of hepatocellular 
necrosis caused by nematode larval migration were recorded in 32 animals (MNP: 20, Berlin12) (Figure 
2a, b). These lesions were sometimes associated with mild or moderate periportal infiltration by 
mononuclear cells and eosinophils. Additionally, irregular distributed hepatic granulomatous lesions were 
found in 14 raccoons (MNP: 12, Berlin: 2). Generalized mild to severe infiltrations by eosinophilic 
granulocytes were found in the lamina propia of the stomach (MNP: 9, Berlin: 8) and of the intestines 
(MNP: 45, Berlin: 35). Many of these were accompanied by mild to moderate multifocal granulomatous 
lesions with sporadic cross-section of nematode larvae (stomach, MNP: 15, Berlin: 1; intestines, MNP: 14, 
Berlin: 3) (Figure 2C) (Table 2S, additional files).  One raccoon from MNP had trematode larvae in its 
intestinal crypts (Figure 2d). 
Within the tongues had encysted mesocercariae were detected in 36 MNP raccoons and in one Berlin 
raccoons (Figure 2E). Recently, the encysted trematode stage was identified as Alaria alata. The 
microscopic description and the results of these investigations were published separately [43]. 
Lungs and kidneys were less affected by endoparasitic infection. Nematode larvae were noted within 
alveolar spaces in one Berlin animal (Figure 2F) and in lung of one MNP raccoon intravascular nematode 
larvae were found. None of the animals had parasites in kidneys or urinary bladder.  
Of all 240 animals, histologic examinations of the skin revealed mild to severe parakeratotic or 
orthokeratotic hyperkeratosis with moderate to severe suppurative dermatitis associated with numerous 
intracorneal mites in four Berlin animals (Figure 3C, D). Isolated mites isolated presented the 
characteristic morphology of Sarcoptes scabiei (Figure 3B). Detailed pathologic findings and performed 
genetic investigations of two of these raccoons were published elsewhere [44].  
Histopathology findings with viral aetiology 
Exclusively in raccoons from Berlin the major findings were detected in lung and brain tissue and were 
associated with a regional CDV outbreak. In 58 Berlin raccoons moderate to severe non-suppurative 
broncho-interstitial pneumonia was found. Intracytoplasmic and intranuclear inclusion bodies were 
detected mostly in epithelial cells of the respiratory tract as well as in syncytial cell formation of 
pneumocytes. Immunohistochemistry confirmed CDV antigen in 60 lung samples [22]. Nineteen raccoons 
from Berlin presented sparse intracytoplasmic and intranuclear inclusion bodies in neurons, astrocytes, 
and granular cells of the cerebellum, and mild to moderate perivascular mononuclear cell cuffing was 
detected in seven animals. A single raccoon had mild non-suppurative leptomeningitis. 
Immunohistochemistry assays for CDV antigen were positive in all cases. A detailed description of the 
microscopic and molecular investigations of these raccoons was recently published [22].  
 
Histopathology findings with bacterial aetiology 
A limited number of raccoons had pathological changes indicating a bacterial infection. In 22 (MNP: 8/84, 
Berlin: 14/140) out of 224 raccoons multifocal mild non-suppurative interstitial nephritis was recorded 
(Figure 4A). Silver staining (Warthin-Starry) revealed numerous long slender spiral-shaped bacteria within 
the renal tubules as well as the tubules’ lining epithelial cells in four out of these 22 kidneys (Figure 4B) 
The kidneys of one raccoon from Berlin had severe multifocal interstitial infiltration with predominantly 
eosinophilic granulocytes. Multiple small abscesses were found in the liver of a raccoon from MNP, 
Yersinia enterocolitica was isolated in pure culture from this tissue. In another raccoon from Berlin 
multifocal necrotizing hepatitis demarcated by suppurative inflammation reaction was noted. From this 
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liver Salmonella enterica ssp. enterica serovar Typhimurium was isolated. In one further raccoon from 
Berlin severe haemorrhagic enteritis with loss of villous lining enterocytes was found which was 
associated with Clostridium perfringens Type A. Lastly, an adult female raccoon from MNP had extensive 
neutrophilic inflammation of the vaginal mucosa and Streptococcus canis was isolated from this organ in 
pure culture.  
Results of screening for selected pathogens 
Ticks (n=20), mallophages (n=4) and fleas (n=3) were rarely found on the raccoon carcasses. During 
necropsy. However, mild to severe infestation of cestodes was found in the small intestine of 20 animals. 
But as most of the endoparasites were either in advanced decomposition or some body parts were missing, 
a morphologic identification of the species was not performed. In one raccoon the gall bladder contained 
numerous trematodes, which were identified as Metorchis spp. none of the intestines of any animal 
examined (n=240) contained adult Baylisascaris procyonis nematodes.Tissue samples of diaphragms and 
skeletal muscle of the lower extremities submitted for Trichinella examination proved negative for this 
parasite (n=240).  
Before the screening of 30 MNP and 30 Berlin raccoons for selected viruses the DNA quality of the 
respective organ pools was assessed and only 24 out of 30 initially selected animals from MNP were 
found suitable for RT-PCR/PCR assays to test for rabies virus, CAV-1, SuHV-1 and CDV. In contrast, after 
assessing the DNA quality of 30 intestine pools from MNP only ten raccoons were considered useful for 
PV PCR. All samples (24 MNP, 30 Berlin) were negative for rabies virus, for CAV-1 and for SuHV-1, 
while three animals from Berlin, two adult road killed males and one shot juvenile female, were positive 
for PV. The juvenile had haemorrhagic enteritis from where, as mentioned above, also C. perfringens was 
isolated, while the two males had no obvious enteric lesions. Ninety-two raccoons from Berlin were 
positive for CDV; a detailed description of some of the CDV cases was already published [22].  
Sixty-five raccoons (MNP: 31/84, Berlin: 34/140) were tested for Leptospira spp., eight of these were 
positive. From these eight raccoons, seven originated from Berlin, one animal was from MNP. Leptospira 
species identification by secY sequencing was possible in five of the 8 raccoons, confirming L. interrogans 
in these cases. Four animals from Berlin carried sequence type 17, which corresponds to the serogroup 
Icterohaemorrhagiae while the only positive raccoon from MNP was infected with sequence type 24 
(serogroup Australis) (Table 3). Interestingly, the kidneys of three Berlin raccoons and the one MNP 
raccoon positive for L. interrogans revealed spiral-shaped bacteria in their corresponding histology 
sections, while the remaining four Leptospira spp./L. interrogans positive animals were histologically 
negative. Moreover, one of the Berlin raccoons PCR positive for L. interrogans had no interstitial 
nephritis. 

Discussion  
We investigated the occurrence of sub- /clinical infectious diseases and selected pathogens in free-ranging 
raccoons from north-eastern Germany combining histo-pathology, parasitology, virology and bacteriology. 
The results of this study allow insight in the diseases and pathogen burden of these rural/sylvatic and 
urban raccoon populations.  
Because most ectoparasites dismount their host soon after its death, the low number of recorded ticks or 
fleas is considered not to represent true infection rates. However, the mite Sarcoptes scabei dwells in the 
upper layers of the epidermis and does not only cause distinct pathologic changes but remains on its host 
for some time. Sarcoptes scabiei has been reported in raccoons only once in the USA [45]. But S. scabiei 
infections might be underreported in the literature since Sarcoptes outbreaks are known to occur in a broad 
range of other wildlife species in the USA or in Europe [46, 47]. In our study only urban animals were 
infected with this parasite. Previous microsatellite investigations on mites isolated from these raccoons 
showed that raccoon-derived mites are closely related to fox-derived S. scabiei (carnivore host) and 
differentiated from chamois (herbivore host) and wild boars (omnivorous host) [36]. In Berlin prevalences 
in red foxes infected with S. scabiei range between 10% and 25% [48], supporting the hypothesis that 
foxes could be the source of the infection. 
In contrast, mesocercariae of the trematode A.a alata were almost exclusively found in raccoons from 
MNP, where the parasite’s intermediate hosts, tadpoles and amphibians, exists abundantly. Urban raccoons 
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in Berlin, despite the many streams, ponds and rivers, possibly neglect these intermediate hosts in their 
diet while other food sources, e.g. of anthropogenic origin, are freely available. Likewise, the single 
raccoon containing Metorchis sp. in its gallbladder lived in MNP. So far Metorchis spp. has not been 
described in raccoons in Europe, but they were detected in red foxes from Berlin [49]. Slight differences 
were found between MNP and Berlin raccoon populations regarding the occurrence of endoparasites in the 
gastro-intestinal tract or larval migration within liver or lymph nodes with relatively more animals affected 
in MNP. But most importantly, the zoonotic nematodes B. procyonis and Trichinella spp. were absent from 
all investigated raccoons, confirming investigations from 1995, where the search for B. procyonis in 
raccoons from north-eastern Germany was also negative [19]. Since the raccoon populations in Germany 
originate from two separate introductions, with high B procyonis prevalence in the western part [16, 17],it 
appears that the founders of the north-eastern population were free from B. procyonis and equally their 
offspring seem to remain free. Frantz et al. [7] investigated the genetic haplotypes of raccoons in Germany 
and found that both MNP and Berlin populations have the same haplotype (PLO2b) indicating the same 
founder group in contrast to animals from the central part of Germany. We had expected that over time the 
expanding raccoons populations (centre and North-east) would have started to overlap at their margins and 
subsequently transmit and share B. procyonis between the two populations. Whether this might have 
occurred in geographic regions more distant to our study area is unknown.  
There are various reports on raccoons positive for Trichinella spp. in the United States of America [50, 51] 
as well as the Japanese raccoon population [52]. In Germany sporadic human infections with Trichinella 
sp. occur through the consumption of undercooked infected wild boar. The prevalence of the parasite in 
German wildlife species ranges from 0.009% in wild boar, 0.08-0.22% in foxes and 5% in raccoon dogs 
[53]. The negative result on German raccoons could be due to this low prevalence and the number of 
investigated raccoons might have been too small to detect an animal infected with Trichinella sp. But as 
scavenging behaviour has been described for raccoons in North America [54] it can also be assumed for 
raccoons in Germany along with potential transmission of Trichinella spp.  
During the course of this study, a large canine distemper outbreak occurred amongst Berlin wildlife 
carnivores and 76 out of 97 investigated raccoons were confirmed positive for CDV by PCR and 
immunohistochemistry. The raccoon population in Berlin is estimated to comprise about 1000 individuals 
and the number of raccoons found succumbed to CDV indicate a marked impact on the population. Canine 
distemper is endemic in North American raccoons with outbreaks commonly occurring both in rural and 
urban populations [5, 55]. In Germany, a small localised CDV outbreak in sylvatic raccoons from MNP 
occurred between April and July 2007 [20, 21]. A study on 206 raccoons collected between 2011 and 2013 
from rural areas in North-western Germany, Federal State of Lower Saxony, found 30 raccoons positive 
for CDV by PCR assays [18]. Reduced home ranges and more frequent contact between raccoons and 
other carnivore species like red foxes or domestic dogs in the urban setting of Berlin might have facilitated 
the pathogen’s transmission to the raccoons. The virus strain isolated from the outbreak in this study 
belongs to the “Europe” lineage of CDV commonly found in domestic dogs or red foxes [22]. As CDV is 
known to cycle amongst Berlin red foxes with recent peaks in 2008 and 2011[48] they seem a likely 
source of infection. Müritz National Park raccoons were spared from the 2012/2013 outbreak. Moreover,  
the sylvatic CDV outbreak in 2007 in MNP was caused by a CDV strain of the “Europe Wildlife” lineage 
and was limited to raccoons while no other carnivore species was detected to be affected [21]. It seems 
noteworthy that in contrast to red foxes CDV-related histo-pathologic changes in raccoons were mostly 
found in the lung and not the brain. Similarly, molecular detection of CDV was also more often successful 
from the lungs. Whether this depends on the particular CDV strain or the genetic background of raccoon 
population living in Germany is not clear, but a similar disease pattern was found in the 2007 outbreak in 
MNP [21] making the influence of the CDV strain unlikely. Because diseased raccoons could likewise act 
as vectors for CDV pet owners sharing their premises with wildlife carnivores should be adviced to 
vaccinate their dogs. 
Besides the CDV one further viral pathogen was found in Berlin raccoons. Parvovirus was isolated from 
three raccoons and while this was associated with haemorrhagic enteritis in the juvenile animal, no 
obvious enteric lesions were found in the two adult raccoons, but early decomposition might have 
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rendered these tissues. Experimental infections showed that raccoons are susceptible to feline 
panleukopenia virus (FPV) and mink enteritis virus [33], and strains of CPV-2-like virus have been 
isolated from a raccoon with clinical signs of disease [56]. Recent phylogenetic investigations on 
parvovirus strains from various animal species from North America revealed that currently raccoons 
harbour parvoviruses, which are in phylogenetic intermediate location to canine parvovirus 2 (CPV) and 
CPV-2a [57], while parvoviruses isolated from raccoons more than 20 years ago clustered with FPV. It is 
assumed that raccoons played an important role for the transition from CPV-2 to CPV-2a, -2b and -2c. At 
the same time there are phylogenetic subclusters of CPV-like raccoon viruses that are sustained and 
circulate amongst raccoons [57]. Unfortunately, the phylogenetic relation of parvoviruses detected in the 
German raccoons remains open, as they could not be characterized further due to poor tissue preservation. 
Therefore, the epidemiologic potential of these viruses, i.e. source of infection and possible further 
transmission, likewise remains elusive. Serologic investigations on antibodies against parvovirus in 
raccoons in North America showed 22.3% positives in 112 free-ranging raccoons from southern Ontario, 
Canada, in 1983 [33] and 49.7% from 159 raccoons from a high density raccoon population inhabiting a 
large zoological park in Missouri, USA, in 2007 [58]. For raccoons in Europe nothing is known in regard 
to parvoviruses and respective antibody prevalences.  
Rabies, canine contagious hepatitis and Aujeszky’s disease were not found in any of the investigated 
raccoons. In the USA raccoons are the main wildlife reservoir for terrestrial rabies. In 2013, 1898 rabies 
positive raccoons were reported representing 32% of all rabid wildlife cases equating 92% of the total 
rabid animals in that year [4]. The raccoon rabies virus variant is distinct and belongsto one of the 
endemic bat lineages, in contrast to the six canine rabies lineages, and it was the main reported rabies 
variant in the USA for 2013 [4]. Knowledge on canine contagious hepatitis and Aujeszky’s disease in USA 
raccoons is limited. Serologic investigations on canine contagious hepatitis in a high density urban 
raccoon population found 7% prevalence amongst 159 individuals and positive cases showed a significant 
association with antibodies against CDV [58]. Another serology study found 17% out of 479 raccoons 
carrying antibodies against Aujeszky’s disease. However, during this time a farm with Aujeszky’s disease 
amongst swine was located close to the study area and as raccoons were seen to feed on garbage as well as 
swine carcasses it remained uncertain whether raccoons serve as a potential reservoir species or a dead 
end host [59]. 
Raccoons from USA and Canada carry Leptospira spp. and several investigations found either antibody 
titer against these pathogens or detected leptospiral organisms in the raccoons’ kidneys [58-60]. For 
Germany, a study on rural raccoons from the Federal State of Lower Saxony reported six (1.3%) out of 
457 rural raccoons PCR-positive for Leptospira spp. [18]. In our study seven of the eight raccoons 
positive for pathogenic Leptospira spp. originated from Berlin and only one animal lived in MNP. As 
urban environments are easily exposed to urine from rats, a major reservoir for some pathogenic 
Leptospira [61], this could explain such marked difference. However, an extensive study on up to 3000 
rodents from Germany found leptospiral DNA in 10% of all examined animals with L. kirschneri, L. 
interrogans and L. borgpetersenii as the most common Leptospira spp., but without significant differences 
between rural and urban areas. Besides rodents also wild boar can carry Leptospira spp. and investigations 
on 141 wild boars from Berlin found 18% prevalence of Leptospira spp. in these animals [62]. A case 
report on human leptospirosis in Berlin with wild boar as the suspected source of infection [63] points out 
another possible cross-species transmission of Leptospira spp. also for raccoons. Infected wild boar may 
contaminate water and water holes with urine during their wallowing behaviour. While 5000 wild boars 
are estimated to roam within Berlin city limits [63] and raccoons favour habitats with freshwater an 
overlap of territories with contact zones seems rather likely. The close proximity of urban raccoons to the 
dwelling of wild boar and rodents as well as to anthropogenic food sources is likely to increase the chance 
for new interspecies transmission pathways in either direction. And at least one case of human 
leptospirosis associated with raccoon urine is reported from North America [64]. Shedding of Leptospira 
spp. via urine is likely to occur in animals with evidence of interstitial nephritis associated with leptospiral 
organisms within the renal tubules. In our study raccoons revealed interstitial nephritis alongside with 
microscopic evidence of abundant bacterial colonisation, although they only comprised a subset of the 
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total number of PCR positive animals. Similar histological findings are reported on raccoons from Quebec 
[65].  
Single cases of bacterial infections (S. enterica ssp. enterica serovar Typhimurium, C. perfringens, Y. 
enterocolitica, S. canis) were found in four raccoons. Amongst other serovars, Salmonella enterica ssp. 
enterica serovar Typhimurium was described in raccoons from North America and Japan [66, 67]. 
Raccoons are likely to acquire salmonellae from their direct surroundings and investigations on 
Salmonella serotypes revealed that seven serotypes isolated from raccoons matched Salmonella serotypes 
isolated from humans [66]. The animal infected with Salmonella in this study originated from the city of 
Berlin with abundant anthropogenic sources. In contrast to most studies on enterogenic bacteria examining 
fecal swabs from apparently healthy live-trapped animals, S. enterica in this study was isolated from liver 
necroses but not the intestines. Yersinia enterocolitica was also isolated from abscesses in the liver of a 
MNP raccoon. Only a few reports on raccoons infected by Yersinia spp. exist in the literature describing 
similar hepatic lesions caused by Y. enterocolitica [68]. Investigations on bacterial pathogens in faecal 
samples from feral raccoons in Japan found pathogenic Y. pseudotuberculosis in seven (1,5%) out of 459 
raccoons [67]. Y. enterocolitica occurs ubiquitously in the environment as well as in freshwater bodies and 
is known to infect a wide variety of animals worldwide [69]. In contrast to the bacterial infections 
described above Clostridium perfringens were isolated from a raccoon with concurrent parvovirus 
infection. Although it was not possible to determine which of these two pathogens was responsible for the 
haemorrhagic enteritis of the raccoon, it could be possible that C. perfringens followed an initial impact of 
parvovirus infection. Like parvovirus C. perfringens is well-known to cause haemorrhagic enteritis in 
carnivore species [69]. Streptococcus canis belongs to the physiologic microflora of the muscous 
membranes of dogs and cats [70, 71], but under certain circumstances S. canis can cause opportunistic e.g. 
reproductive tract infections even in humans [72]. All these four bacterial infections are considered 
coincidental and, except for S. enterica, regarded as independent from the respective habitat background. 
However, some of these bacteria like Leptospira spp. are of importance for public health particularly at the 
interface of human-wildlife contact zones. Wildlife ecology studies on invasive animal species and 
interdisciplinary approaches are crucial to find ways for a trouble-free coexistence of e.g. raccoons and 
humans.  

Conclusions  
We investigated raccoon populations from a rural/sylvatic and an urban habitat in Germany to understand 
which pathogens and sub-/clinical diseases can be expected in this non-native animal species. A number of 
pathogens were found known to commonly occur in the raccoons’ North American conspecifics: CDV, PV, 
Leptospira spp., S. enterica serovars, Y. enterocolitica, S. scabei and Metorchis sp. Other infectious agents 
were newly described like A. alata or S. canis. Some pathogens seem to prevail one habitat form, e.g. A. 
alata infecting almost exclusively raccoons from the sylvatic MNP, while infection with Leptospira spp. 
were distinctly connected to the urban habitat in Berlin.  
Despite being an alien species, raccoons settled well into the different habitat types of Germany 
comprising a similar range of diseases as in their native North America. However, their role as reservoir 
hosts for certain pathogens seems currently of lesser importance as compared to North America. Whether 
this will change while raccoon population numbers keep increasing in Germany or whether native wildlife 
species like red foxes or wild boar will sustain their apparent leading role as reservoir host for certain 
pathogens will be seen. However, the intrusion of raccoons into human settlements should lead to some 
precautionary measures to avoid a transmission of zoonotic pathogens. Interdisciplinary work between 
wildlife ecologists and veterinarians will help to find smart solutions for both wildlife and human 
perspectives. 
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Figures 
Figure 1. 
A) Gross appearance of a raccoon liver with domed shape due to fibrous connective tissue scaffolding.  
B) Microscopic image of a normal raccoon liver with perilobular fibrous connective tissue, Azan staining. 
C) Microscopic image of a raccoon liver with fatty degeneration, Sudan red staining. 

 
 
 
Figure 2 
Microscopic images of parasitic lesions in raccoons: A) Liver: Acute hepatic necrosis and haemorrhages 
caused by larval migration, HE staining. B) Liver: Small pyogranuloma with an intralesional nematode 
larvae. C) Stomach: Chronic granuloma with intralesional nematode larvae in submucosa. D) Small 
intestine: Intraluminal nematode larvae of intestinal crypts. E) Tongue: Encysted Alaria alata 
mesocercariae. F) Lung: Intra-alveolar nematodes. All images: HE staining. 
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Figure 3 
Images of Sarcoptes scabiei mange in raccoons: A) Gross lesions in a male raccoon. B) Scanning 
electron microscopy: Dorsal view of an adult female Sarcoptes scabiei mite. C) Microscopic 
image of a raccoon’s skin infected with S. scabiei: Severe ortho- and parakeratotic 
hyperkeratosis, mild to moderate inflammation and intracorneal mites, HE staining. D) Close-up 
of S. scabiei from C), HE staining.   

 
 
Figure 4 
Microscopic images of renal lesions in raccoons: A) Focal non-suppurative interstitial nephritis intermixed 
with a few eosinophils, HE staining. B) Multiple renal tubules with extensive intraluminal spiral-
shaped bacteria consistent with Leptospira sp., Warthin-Starry staining. Inset: Close-up of a renal 
tubule with leptospiral organisms. 
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Tables 
Table 1 - Primer sequences and resulting amplicon sizes (=base pairs). CDV: canine distemper virus, 
PV: parvovirus, CAV-1: canine adenovirus-1, SuHV-1: suid herpersvirus-1. 

Virus Primer Sequence  Amplicon 
size 

CDV 

CDV-N6-F CGACTCGGAGATGAGAAGGTG 
427 

CDV-N7-R CAATGGGTAGGACCCTGCAC 

CDV-N8-F GATCCCCAGGGAACAAGCC 
149 

CDV-N9-R TCCGGAAAACTCATGCAACC 
  

PV 

  
709 

PV_VP2 1 GAAAACGGATGGGTGGAAATC 

PV_VP2 4 AGAAATGGTGGTAAGCCCAATG 
207 

PV_VP2 5 ATACTGGAACTAGTGGCACACC 
  

CAV-1[59] 

CAV-VP1 CTGGGCGGGATTTAGAGGGTGG 
704 

CAV-VP2 CAAGGGCGTGGGCGGAGTTAGA 

CAV-3 TTTGAGCCCATGTGCAGACA 
121 

CAV-4 GCGGGTTAAAGGCCGAAA 
  

SuHV-1[60] 

PRV_gB1 ATGGCCATCTCGCGGTGC 
334 

PRV_gB2R ACTCGCGGTCCTCCAGCA 

PRV_gB3 ACGGCACGGGCGTGATC 
195 

PRV_gB4R GGTTCAGGGTACCCCGC 
  

Lyssavirus[29] 

LV1F AARATNGTRGARCAYCACAC 
374 

LV1R GCRTTSGANGARTAAGGAGA 
LV2F AARATGTGYGCIAAYTGGAG 

260 
LV2R TCYTGHCCIGGCTCRAACAT 

  

β-Actin 
bAct_1-F AAGGCCAACCGYGAGAAGATG 

248 
bAct_2-R TCCGTGAGGATCTTCATGAGG 
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Table 2 - List of pathogens detected in this study and number of positive raccoons.  
Pathogen Positive raccoons 

MNP Berlin Male/female Juvenile/sub-adult/adult 
 

Canine distemper virus 0/30 77/127 44/33 3/0/74 
Parvovirus 0/30  3/30  2/1 1/0/2 
Canine adenovirus-1 0/30 0/30 n.a. n.a. 
Suid Herpersvirus-1 0/30 0/30 n.a. n.a. 
Baylisascaris procyonis 0/100 0/140 n.a. n.a. 
Trichinella 0/100 0/140 n.a. n.a. 
Leptospira interrogans  1/31  4/34  2/3 3/0/2 
Leptospira spp. 0/31 3/34 2/1 1/1/1 

 
Sarcoptes scabiei 0/100 4/140  1/3 1/0/3 
Alaria alata 9/100 1/140  6/4 3/0/7 
Metorchis sp. 
Streptococcus canis 1/100 0/140 0/1 0/0/1 
Clostridium perfringens Type A 0/100 1/140 0/1 0/0/1 
Yersinia enterocolitica 1/100 0/140  1/0  0/0/1 
Salmonella enterica ssp. enterica 
serovar Typhymurium 0/100 1/140a  1/0 1/0/0 
aConcurrent distemper infection 
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4. GENERAL DISCUSSION 

Raccoons have been present in Germany for the past 80 years and have become part of the 

faunal assemblages in several regions particularly in Central and North-eastern Germany. 

Despite their successful establishment, only a few studies have been performed to investigate 

pathogen occurrence in raccoons and they focused primarily in sylvatic or rural populations (Lux 

& Priemer 1995, Gey 1998, Michler et al. 2009, Anheyer-Behmenburg 2013). 

In this doctoral project, pathological changes and infectious agents from raccoons in Müritz 

National Park (MNP) and the Berlin metropolitan area were studied. This project involved the 

first investigations of both rural/sylvatic and urban environments, which are typical habitats for 

raccoons. Endoparasitic infections were the major disease finding in rural/sylvatic animals, while 

infectious pathogens such as CDV or Leptospira spp. were most commonly found in urban 

raccoons. Firstly, histological and molecular investigations in the raccoons identified the 

mesocercarial stage of the trematode Alaria alata in the tongue tissue of 10 raccoons. Nine of 

the affected animals were from MNP and a sole animal originated from Berlin. The occurrence of 

encysted mesocercariae in the tongues shows that raccoons can act as a paratenic host for A. 

alata which extends the parasites host range (Figure 4). 

 
Figure 4.- Alaria alata life cycle with the raccoon included as a paratenic host 
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Secondly, four cases of sarcoptic mange were diagnosed in the course of the study (Article 2 
and 4). Genetic investigations of Sarcoptes scabiei mites from 3 of these raccoons revealed a 

close relationship to Sarcoptes scabiei isolated from foxes (Article 2) indicating a vulpine origin 

of the mite infection in the raccoons. A similar fox to raccoon transmission scenario was 

hypothesized for 74 raccoons positively diagnosed with CDV infection. The animals were part of 

a large CDV outbreak in the wild carnivore population of Berlin (Article 3 and 4). Phylogenetic 

analyses of the isolated CDV strains from four of these infected raccoons showed that they were 

identical and clustered within the “Europe” lineage of the virus and were closely related to CDV 

from German foxes and domestic Hungarian dogs (Article 3). This suggests a fox or canid origin 

for this outbreak. Since Berlin foxes, which share their habitat with the raccoons, were also 

infected during this outbreak, they are a likely source of infection. However, introduction of the 

virus via unvaccinated domestic dogs also needs to be considered (Article 3). The urban habitat 

of Berlin is most likely the main driver for this interspecies contact as habitat defragmentation 

and a higher availability of anthropogenic resources, such as shelter and food, not only allow for 

higher raccoon densities and a reduced home range of individual animals but also overlap with 

neighbouring raccoon territories and with territories of other urban wildlife such red foxes, and 

domestic animals. These circumstances permit infectious pathogens to spread more easily in 

urban settings in contrast to rural or sylvatic environments with lower contact rates. Raccoons 

and other carnivores could interact while exploiting anthropogenic resources such as food in 

garbage containers, particularly as raccoons are known to concentrate near such places 

(Prange et al. 2003).  

Finally, histological examinations showed the number of nematode-caused granulomas in lymph 

nodes was constantly higher in MNP animals than in Berlin raccoons. Granulomatous 

inflammation of the liver or hepatocellular necrosis suggestive of parasite migration also 

occurred more frequently in MNP raccoons. The higher prevalence of such parasite-originated 

lesions including A. alata mesocercarial cysts in MNP raccoons in comparison with Berlin 

animals, (Article 1 and 4) could be explained by the readily available intermediate hosts 

consumed by the raccoons in sylvatic areas (Ortmann et al. 2011, Engelmann et al. 2012). In 

contrast, urban raccoons can either exploit other human derived food sources, which reduce the 

amount of intermediate hosts in the raccoons’ diet, or they do not encounter the intermediate 

hosts in urban environments as frequently as in MNP which lowers the possibility of parasitic 

infection. Separately, it could be expected that the prevalence of B. procyonis would be similar to 

the other helminths found in the raccoons, meaning a higher number of infected raccoons in 

rural settlements than in urban areas (Prange et al. 2008). However, none of the animals 
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examined was positive for B. procyonis, an outcome consistent with a study performed 20 years 

ago (1995). In contrast, the central German raccoon population exhibited a prevalence of 71% 

(Gey 1998). For this study, it was hypothesized that B. procyonis moved north-eastwards and 

that the central and the northern raccoon populations started to overlap at their borders allowing 

them to share the parasite. However, as none of the MNP or Berlin raccoons carried B. 

procyonis such a transmission event is unlikely (Article 4). The prevalence of B. procyonis 

diminishes as one move to the northern boundary of the central raccoon population (Winter 

2005, Anheyer-Behmenburg 2013). Genetic diversity studies of German raccoons confirm that 

the central and north-eastern populations have remained distinct (Frantz et al. 2013). Therefore, 

it is likely that the founding members of the north-eastern raccoon population were not infected 

with B. procyonis and therefore, raccoons residing in this area remain free of this parasite.  

Besides CDV (Article 3 and 4), PV was found in 3 animals from Berlin while rabies, infectious 

canine hepatitis or Aujeszky’s disease were not found. PV phylogeny was not elucidated, thus 

the origin of the viral strain in this case remains unknown. However, raccoons in the USA can 

carry feline panleucopenia and canine parvovirus, as well as a raccoon parvovirus strain; 

although no information exists for German raccoons regarding parvovirus occurrence. Neither 

pathologic lesions suggestive of a viral aetiology were found nor were viruses isolated or viral 

nucleic acids detected in raccoons from MNP (Article 4). Unfortunately, no further investigations 

could be performed on this virus due to poor viral DNA quality. The condition of the samples, i.e. 

hunted animals without apparent signs of disease or the degree of autolysis in road-killed 

animals might have hampered the outcome of these investigations (Article 4). In 2007, a small 

outbreak of CDV occurred in raccoons from MNP (Michler et al. 2009, Nikolin et al. 2012). The 

detection of this outbreak was only possible due to the close radio-tracking of these animals at 

the time (Michler et al. 2009). During the course of this study, no such similar events were 

reported in this closely monitored population. As MNP raccoons have large home ranges 

(Köhnemann & Michler 2009) and contact with other species is only to be sporadic (F.-U. Michler 

& B.A. Michler, personal communication 2013), the transmission of viruses or bacteria 

depending on close contact seems to occur infrequently in this sylvatic population.  

Leptospira interrogans was detected in five animals and pathogenic Leptospira spp. were 

detected in three examined raccoons. Seven of these raccoons were from Berlin. Rats (Rattus 

spp.) and domestic dogs can carry these bacteria and a study on 329 dogs with renal or liver 

disease suspected as leptospirosis cases revealed 25% of the dogs were seropositive for 

Leptospira spp. circulating in the environment (Mayer-Scholl et al. 2013). Another study on wild 

boars from Berlin detected Leptospira spp. in 18% of the 141 examined animals (Jansen et al. 
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2007). Since raccoons thrive throughout Berlin, exposure to urine or contaminated water/soil 

from infected rats, wild boar or domestic dogs increases the likelihood of infection with 

Leptospira spp. than in MNP. However, the current data does not allow for a firm conclusion to 

be drawn on the possible participation of raccoons in the transmission of leptospirosis. However, 

urban raccoons in closer contact with humans and domestic animals can increase the risk of 

leptospirosis. 

Overall, the number of infectious diseases found in these raccoons is lower than other well-

known disease vectors such as the fox (Denzin et al. 2013), which suggest raccoons are not 

playing a major role in disease transmission in Germany yet. Nevertheless, they maintain closer 

contact with humans and domestic animals than foxes, which could increase pathogen 

transmission amongst these species. 

In conclusion, European raccoon health information is needed to evaluate the impact of this 

introduced species to the continent and Germany in particular, as it hosts the largest raccoon 

population in Europe. Similar studies to this one in other German regions and other European 

countries would help to understand the differences in pathogen occurrence within Germany and 

across the raccoon’s complete range. Additionally, information for veterinarians and wildlife 

professionals regarding the potential hazards carried by raccoons will be of continuing 

importance as the raccoon population increases. Moreover, members of the public, which often 

are uncertain how to perceive raccoon novelty in their vicinity, can be better educated by 

regional information about this introduced species.  
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5. SUMMARY 
Disease occurrence in free-ranging raccoons (Procyon lotor) from rural and urban populations in 

North-easten Germany 

The North-American raccoon was first introduced to Germany in 1934. Currently, racoons occur 

throughout Germany with two major populations: one in the centre (Hessen), and the other in the 

northeast (Mecklenburg- Western Pomerania, Brandenburg). In their native North America 

raccoons are a well-known vector for infectious pathogens such as rabies, canine distemper 

virus or the zoonotic nematode Baylisascaris procyonis. Despite more than 70 years of 

successful introduction, there is a lack of knowledge regarding infectious diseases present in 

German raccoons. In order to provide information, two subpopulations of raccoons in north-

eastern Germany were selected: one from a rural/sylvatic area (Müritz National Park (MNP) in 

Mecklenburg-Western Pomerania) and one from an urban settlement (Berlin metropolitan area). 

In total, 240 road-killed, hunted or euthanized animals were retrieved: 100 raccoons from MNP 

(2007-2011) and 140 animals from Berlin (2011-2013). Post-mortem examinations, histological, 

microbiological and molecular examinations of selected pathogens were performed on these 

animals. The results were published in four scientific articles: 

Article 1: Alaria alata, a previously detected parasite encysted in raccoon tongue tissue was 

investigated and identified. Mesocercariae were isolated from eleven selected raccoons and 

PCR assays successfully identified A. alata in nine animals from MNP and one raccoon from 

Berlin, the parasite was successfully identified as A. alata. The mesocercariae were only found 

in tissue of the tongue and it was absent from other organs during histological examinations 

suggesting that raccoons are acting as paratenic host for this trematode. The higher number of 

MNP positive cases in comparison with Berlin indicates that differences in food resources allow 

raccoons in MNP to more likely ingest A. alata intermediate hosts such as amphibians than their 

urban counterparts. Moreover, since raccoons are an introduced species they can extend the 

host range of some endemic European parasites.  

Article II: The second article of this project investigates sarcoptic mange in urban raccoons with 

three cases from Berlin and two cases from Kassel. Macroscopic skin lesions, histopathological 

findings and the morphology of the mites were described. In order to elucidate the infections 

possible origin, nine microsatellite markers were used to genotype isolated mites from these 

raccoons to compare the mites with S. scabiei derived from foxes, wild boar and chamois. The 

mites from the raccoons clustered together with fox-derived S. scabiei, suggesting a vulpine 

origin for the infection. These results indicate a cross-species transmission of S. scabiei between 

urban foxes and raccoons. 
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Article III: The first major canine distemper outbreak in German raccoons is described in this 

article. It occurred in Berlin metropolitan area from winter 2012/2013. During this time, 97 

raccoon carcasses suspicious for CDV infection were collected as part of this thesis. Histology, 

immunohistochemistry and RT-PCR assays were performed on organ tissue and 74 animals 

were confirmed positive for CDV. Additionally, phylogenetic analyses of the haemagglutinin gene 

of CDV strains isolated from 4 of these raccoons were conducted. These CDV strains clustered 

within the Europe lineage and were closely related to those of German foxes and Hungarian 

dogs. The results suggest interspecies transmission amongst raccoons and other carnivores, in 

this case most likely foxes or an unvaccinated dog.  

Article IV: This article is the summary of all investigations on the 240 raccoons examined in 

total. Besides post-mortem and histo-pathology investigations of all animals, screening for 

selected pathogens including the zoonotic nematodes B. procyonis were performed. 

Macrospcopic findings were mostly related to traumatic injuries as the causes of death. 

Histological examinations showed that 65.6% of all raccoons had inflammatory lesions, with 

gastro-intestinal-tract, liver, spleen and lymph nodes as the most commonly effected organs. 

Berlin animals more frequently carried viral or bacterial infections (CDV, PV, Leptospira spp.). 

Meanwhile, lesions caused by nematodes or A. alata were most often found in raccoons from 

MNP. B. procyonis, Trichinella spp., Lyssavirus, CAV-1, and SuHv-1 were not detected in any 

animal. The differences in pathogen occurrence are most likely driven by the respective 

environment. For urban raccoons habitat defragmentation, reduced home ranges, abundance of 

anthropogenic food and shelter as well as higher interspecies contact rate can result in easier 

pathogen transmission between raccoons and other urban wildlife or domestic animals. While in 

MNP ideal habitat, wide home ranges, diverse food resources with abundant intermediate hosts 

on the one side and rare interspecies contact on the other reduce the spectrum of infectious 

pathogens.  

Overall, the low number of infectious diseases in raccoons suggests that this animal species 

does not play an important role in disease transmission in North-eastern Germany. However, 

because raccoons explore human settlements closer than other wild species, their potential in 

pathogen transmission highlights the need for continuous investigation of urban raccoons with 

regard to public health.  
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6. ZUSAMMENFASSUNG 

Vorkommenden Krankheitsfälle bei frei lebenden Waschbären (Procyon lotor) aus ruralen und 

urbanen Populationen in Nord-Ost Deutchland 

Seit seiner ersten, 1934 erfolgten, Einbürgerung ist der Nordamerikanische Waschbär (Proyon 

lotor) eine invasive Tierart in Deutschland. Waschbären sind in Deutschland weit verbreitet, 

können aber in zwei Hauptpopulationen differenziert werden: Eine im Zentrum (Hessen), eine 

andere im nordöstlichen Landesteil (Mecklenburg-Vorpommern, Brandenburg). In Nordamerika 

gilt der Waschbär als bekannter Überträger von Infektionserregern wie Tollwut, Staupe  oder 

dem zoonotischen Nematoden Baylisascaris procyonis. Aber trotz ihrer 70 Jahre währenden, 

erfolgreichen Einbürgerung gibt es wenig Kenntnis zu Infektionskrankheiten bei Waschbären in 

Deutschland. Um zu untersuchen, welche Krankheiten oder Krankheitserreger bei diesen Tieren 

vorkommen, wurden zwei Teilpopulationen in Nordostdeutschland ausgewählt: eine in einem 

ländlichen Waldgebiet (Müritz Nationalpark (MNP), Mecklenburg-Vorpommern), ein urbane im 

Großraum Berlin. Insgesamt wurden 240 Verkehrsopfer, jagdlich erlegte oder eingeschläferte 

Waschbären untersucht: 100 aus dem MNP (2007 bis 2011) und 140 aus Berlin (2011-2013). 

Tierkörpersektionen, histologische, mikrobiologische und molekularbiologische Untersuchungen 

von ausgewählten Erregern wurden mit diesen Tieren durchgeführt. Die Ergebnisse sind in vier 

wissenschaftlichen Artikeln veröffentlicht: 

Artikel I: In vorangegangenen Studien histologisch entdeckte Parasitenzysten im 

Zungengewebe von Waschbären wurden untersucht und ihre Artzugehörigkeit identifiziert. 

Mesozerkarien konnten aus neun Tieren vom MNP und einem Tier aus Berlin isoliert und mittels 

PCR als Alaria alata in identifiziert werden.  In histologischen Untersuchungen wurden A. alata 

Mesozerkarien nur in Zungengewebe detektiert, jedoch nicht in anderen Organen. Das deutet 

darauf hin, dass Waschbären für diesen Trematoden als paratenische Wirte auftreten. Die 

höhere Anzahl positiver A. alata Fälle im MNP im Vergleich zu Berlin läßt sich durch 

Unterschiede in der Nahrungszusammensetzung erklären, da den Waschbären im MNP häufiger 

Zwischenwirte von A. alata, wie Amphibien, zur Verfügung stehen als den urbanen Waschbären. 

Es konnte hier gezeigt werden, dass eine neueingebürgerte Art wie der Waschbär das 

Wirtsspektrum endemischer Parasiten erweitern kann. 

Artikel II: Der zweite Artikel aus diesem Projekt beschreibt Sarcoptesräude in urbanen 

Waschbären mit drei Fällen aus Berlin und zwei Fällen aus Kassel. Makroskopische 

Hautläsionen, histo-pathologische Befunde und die Morphologie der Milben werden 

beschrieben. Um den möglichen Ursprung der Infektionen zu finden, wurden neun 

Mikrosatellitenmarker für die Genotypisierung der von Waschbären isolierten Milben verwendet, 

71



          6. ZUSAMMENFASSUNG 

        
   

 
 

um sie mit S. scabiei von Füchsen, Wildschweinen und Gämsen zu vergleichen. Die Milben der 

Waschbären lagen in einem Cluster mit S. scabiei von Füchsen, was für einem 

Infektionsursprung aus Füchsen spricht. Diese Ergebnisse deuten auf eine zwischenartliche 

Übertragung von S. scabiei zwischen urbanen Füchsen und Waschbären hin. 

Artikel III: Der erste große Staupeausbruch von Waschbären in Deutschland wird in diesem 

Artikel beschrieben, der im Winter 2012/2013 im Großraum Berlin stattfand. Während dieser 

Zeit, wurden im Rahmen dieser Doktorarbeit 97 Waschbärkadaver gesammelt. Histologische, 

immunhistochemische und RT-PCR Untersuchungen wurden mit Organproben durchgeführt und 

74 Tiere als Staupe-positiv bestätigt. Zusätzlich erfolgten phylogenetische Analysen des 

Hämagglutiningens von Staupevirusisolaten aus vier dieser Waschbären. Alle diese Virusisolate 

lagen im phylogenetischen Cluster der „Europe“-Linie und sind eng verwandt zu Isolaten von 

Füchsen aus Deutschland und Hunden aus Ungarn. Diese Ergebnisse lassen eine Übertragung 

zwischen Waschbären und anderen Fleischfressern vermuten, in diesem Fall Füchsen oder 

möglicherweise auch einem ungeimpften Hund. 

Artikel IV: Dieser Artikel beinhaltet die Untersuchungen aller 240 Waschbären der gesamten 

Studie. Neben Sektionen und histo-pathologischen Untersuchungen wurden Organproben auf 

ausgewählte Krankheitserreger, die beim Waschbären beschrieben wurden, untersucht. Diese 

umfassen die zoonotischen Nematoden Baylisascaris procyonis, Trichinella spp., Tollwutvirus, 

Canines Adenovirus 1 (CAV-1), Suis herpesvirus 1 (SuHV 1, Aujeszkysche Krankheit), 

Parvovirus (PV), Canines Staupevirus (CDV) sowie Leptospira spp.. Makroskopische Befunde 

waren meist traumatischen Verletzungen, die in direktem Zusammenhang mit der Todesursache 

standen. Histologische Untersuchungen wiesen bei 65,6% der Waschbären entzündliche 

Läsionen auf, wobei Magen-Darm-Trakt, Leber, Milz und Lymphknoten am stärksten betroffen 

waren. Bei Berliner Waschbären fanden sich häufiger virale oder bakterielle Pathogene: CDV, 

PV, oder Leptospira spp., während Tiere aus dem MNP am häufigsten parasitäre Infektionen 

aufwiesen. In keinem der untersuchten Waschbären fanden sich weder B. procyonis oder 

Trichinella spp. noch Tollwutvirus, CAV-1, oder SuHv-1. Die Unterschiede im 

Pathogenvorkommen könnten durch die unterschiedlichen Habitate erklärt werden. Für urbane 

Waschbären kann es durch zersiedelte Habitat, reduzierte Streifgebietsgrößen, reiches Angebot 

sowohl anthropogener Nahrungsquellen als auch Zufluchtsorte zu erhöhten inner- als auch 

zwischenartlichen Kontaktraten kommen, die eine Pathogenübertragung erleichtern – nicht nur 

zwischen Waschbären als auch zwischen Waschbären und anderen urbanen Wildtieren sowie 

Haustieren oder auch Menschen. Im Unterschied dazu scheinen im MNP ideale Habitate und 

große Streifgebiete, verschiedenartige Futterressourcen, inklusive zahlreicher Zwischenwirte auf 
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der einen Seite und seltene zwischenartliche Kontakte auf der anderen Seite zu einem 

geringerem Pathogenspektrum aber mit Schwerpunkt auf Parasiten zu führen. 

Generell deuten die geringen Zahlen von Infektionskrankheiten bei Waschbären im Nordosten 

Deutschlands daraufhin, dass die Waschbären gegenwärtig keine herausragende Rolle in der 

Verbreitung oder Übertragung von Pathogenen zu spielen scheinen. Dennoch sollte, gerade 

aufgrund der Tatsache, dass Waschbären menschliche Siedlungen intensiver nutzen können als 

andere Wildtiere, die potenzielle Übertragung von Krankheitserregern nicht außer Acht gelassen 

werden und im Interesse des Gesundheitswesens urbane Waschbären kontinuierlich untersucht 

werden. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

73



           7. REFERENCES 

 
 

7. REFERENCES 

Adams JH, Levine ND, & Todd Jr. KS (1981) Eimeria and Sarcocystis in raccoons in Illinois. J 

Protozool, 28:221-222. 

Åkerstedt J, Lillehaug A, Larsen I-L, Eide NE, Arnemo JM, & Handeland K (2010) Serosurvey for 

canine distemper virus, canine adenovirus, Leptospira interrogans, and Toxoplasma gondii in 

free-ranging canids in Scandinavia and Svalbard. J Wildl Dis, 46:474-480. 

Aliev FF & Sanderson GC (1966) Distribution and status of the raccoon in the Soviet Union. The 

J Wildl Manage, 30:497-502. 

Allison AB, Kohler DJ, Ortega A, Hoover EA, Grove DM, Holmes EC, & Parrish CR (2014) Host-

specific parvovirus evolution in nature is recapitulated by in vitro adaptation to different carnivore 

species. PLoS Pathog 10(11):e1004475. Doi:10.1371/journal.ppat.1004475. 

Amude AM, Alfieri AA, & Alfieri AF (2007) Clinicopathological findings in dogs with distemper 

encephalomyelitis presented without characteristic signs of the disease. Res Vet Sci, 82:416-

422. 

Anheyer-Behmenburg HE (2013) Untersuchungen zum Vorkommen von Zoonoseerregern und 

dem kaninen Staupevirus in der Waschbärpopulation Niedersachens, 2011-2013. Dissertation, 

Tierärztliche Hochschule Hannover, Hannover, Germany, pp. 140. 

Appel MJ (1970) Distemper pathogenesis in dogs. J Am Vet Med Assoc, 156:1681-1684. 

Arlian LG (1989) Biology, host relations, and epidemiology of Sarcoptes scabiei. Ann Rev 

Entomol, 34:139-161. 

Averbeck GA, Vanek JA, Stromberg BE, & Laursen JR (1995) Differentiation of Baylisascaris 

species, Toxocara canis and Toxoascaris leonine infections in dogs. Comp Cont Educ Pract Vet, 

17:475-478. 

Bafundo KW, Wilhelm WE, & Kennedy ML (1980) Geographic variation in helminth parasites 

from the digestive tract of Tennessee raccoons, Procyon lotor. J Parasitol, 66:134-139. 

Bajwa AA, Islam S, Rashid I, Ashraf K, Akbar H, & Shehzad W (2014). Toxoplasmosis a global 

threat to all vertebrates: Trends in diagnostic methods. J Anim Plant Sci, 24:676-684. 

74



           

        
   

 
 

Balkenhol N, Köhnemann BA, Gramlich S, & Michler F-U (2011) Genetic structure of a raccoon 

population (Procyon lotor) in Müritz National Park – a result of landscape resistance or space-

use behaviour? Beitr Jagd- u Wildforsch, 36:531-537. 

Barden ME, Slate D, Calvert, RT, & Debow PW (1993) Strategies to address human conflicts 

with raccoons and black bears in New Hampshire. Proc East Wildl Damage Control Conf, 6:22-

29. 

Barker IK, Povey RC, & Voigt DR (1983) Response of mink, skunk, red fox and raccoon to 

inoculation with mink virus enteritis, feline panleukopenia and canine parvovirus and prevalence 

of antibody to parvovirus in wild carnivores in Ontario. Can J Comp Med Apr, 47:188-197. 

Bartoszewicz M, Okarma H, Zalewski A, & Szczęsna J (2008) Ecology of the raccoon (Procyon 

lotor) from western Poland. Ann Zool Fennici, 45:291-298. 

Baumgärtner W, Örvell C, & Reinacher M (1989) Naturally occurring canine distemper virus 

encephalitis: distribution and expression of viral polypeptides in nervous tissues. Acta 

Neuropathol, 78:504-512. 

Beasley JC & Rhodes Jr OE (2008) Relationship between raccoon abundance and crop 

damage. Human-Wildlife Conflicts, 2:248-259. 

Beaver Pc, Little MD, Tucker CF, & Reed RJ (1977) Mesocercariae in the skin of a man in 

Louisiana. Am J Trop Med Hyg, 26:422-426. 

Beltrán-Beck B, García FJ, & Gortázar C (2012) Raccoons in Europe: disease hazards due to 

the establishment of an invasive species. Eur J Wildl Res, 58:5-15. 

BfR (2007) Federal Institute for Risk Assessment, Wildschweinfleisch kann den gefährlichen 

Dunker’schen Muskelegel enthalten. Opinion No. 027/2007 BfR. 

Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, Levett PN, Gilman RH, Willig 

MR, Gotuzzo E, & Vinetz JM (2003) Leptospirosis: a zoonotic disease of global importance. 

Lancet Infect Dis, 3:757-771. 

Bialasiewicz AA (2000) Neuroretinitis. Ophthalmologie 97:374-391. 

Bornstein S, Mörner T, & Samuel WM (2001) Sarcoptes scabiei and Sarcoptic Mange. In: 

Parasitic Diseases of Wild Mammals. 2nd Edition, Iowa State University, Iowa, USA, pp 107-119. 

75

7. REFERENCES 



           

        
   

 
 

Bosma NJ (1931) The life history of the trematode Alaria mustelae sp. nov. Trans Amer Micr Soc 

53:116-153. 

Bozek CK, Prange S, & Gehrt SD (2007) The influence of anthropogenic resources on multi-

scale habitat selection by raccoons. Urban Ecosyst, 10:413-425. 

Broekhuizen S, Müskens GJDM, Niewold FJJ & Thissen JBM (2001) Heimkehrer und Neubürger 

unter den Säugetieren der Niederlande im 19. und 20. Jahrhundert. Beitr Jagd- u Wildforsch 

26:155-170.  

Campbell TA, Long DB, & Shriner SA (2013) Wildlife Contact Rates at Artificial Feeding Sites in 

Texas. Environm Manage, 51:1187-1193. 

Canova L & Rossi S (2008) First records of the northern raccoon Procyon lotor in Italy. Hystrix It 

J Mamm, 19:179-182. 

Carter GR & Wise DJ (2004) Enterobacteriaceae II: Salmonella and Yersinia. In: Essentials of 

Veterinary Bacteriology and Mycology, 6th Edition, Iowa State Press, Iowa, USA. 

Cepek JD (2004) Diet Composition of Coyotes in the Cuyahoga Valley National Park, Ohio. Ohio 

J Sci, 104:60-64. 

Coburn B, Grassl GA, & Finlay BB (2007) Salmonella, the host and disease: a brief review. 

Immunol and Cell Biol, 85:112-118. 

Cole RA & Shoop WL (1987) Helminths of the raccoon (Procyon lotor) in Western Kentucky. J 

Parasitol, 73:762-768. 

Compton JA, Baney JA, Donaldson SC, Houser BA, San Julian G, Yahner RH, Chmielecki W, 

Reynolds S, & Jayaro BM (2008) Salmonella infections in the common raccoon (Procyon lotor) 

in Western Pennsylvania. J Clin Microbiol, 46:3084-3086. 

Cranfield MR, Barker IK, Mehren KG, & WA Rapley (1984) Canine Distemper in Wild Raccoons 

(Procyon lotor) at the Metropolitan Toronto Zoo. Can Vet J, 25:63-66. 

Cunningham CK, Kazakos KR, McMillan JA, Lucas JA, McAuley JB, Wozniak EJ, & Weiner LB 

(1994) Diagnosis and management of Baylisascaris procyonis infection in an infant with nonfatal 

meningoencephalitis. Clin Infect Dis, 18:868-872. 

Dame JB, Murrell KD, Worley DE, & Schad DA (1987) Trichinella spiralis: Genetic Evidence for 

Synanthropic Subspecies in Sylvatic Hosts. Exp Parasitol, 64:195-203. 

76

 7. REFERENCES



           

           

 
 

Denzin N, Herwig V, & van der Grinten E (2013) Occurrence and geographical distribution of 

Canine Distemper Virus infection in red foxes (Vulpes vulpes) of Saxony-Anhalt, Germany. Vet 

Microbiol, 162:214-218. 

Deem SL, Spelman LH, Yates RA, & Montali RJ (2000) Canine Distemper in Terrestrial 

Carnivores: A Review. J Zoo Wildlife Med, 31:441-451. 

Dick TA & Pozio E (2001) Trichinella spp. and trichinellosis. In: Parasitic Diseases of Wild 

Mammals. 2nd Edition, Iowa State University, Iowa, USA, pp. 380-396. 

Duncan C, Krafsur G, Podell B, Baeten LA, LeVan I, Charles B, & Ehrhart EJ (2011) 

Leptospirosis and Tularemia in Raccoons (Procyon lotor) of Larimer County, Colorado. 

Zoonoses Public Health, 59:29-34. 

Dupouy-Camet J (2000) Trichinellosis: a worldwide zoonosis. Vet Parasitol, 93:191-200. 

Dyer JL, Wallace R, Orciari L, Hightower D, Yager P, & Blanton JD (2013) Rabies surveillance in 

the United States during 2012. JAVMA, 243:805-815. 

Engelmann A, Köhnemann BA, & Michler F-U (2011) Nahrungsökologische Analyse von 

Exkrementen gefangener Waschbären (Procyon lotor L., 1758) aus dem Müritz-Nationalpark 

(Mecklenburg-Vorpommern) unter Berücksichtigung individueller Parameter. Beitr Jagd- u 

Wildforsch, 36:587-604. 

Fernandez BJ, Cooper JD, Cullen JB, Freeman RS, Ritchie AC, Scott AA, & Stuart PE (1976) 

Systemic infection with Alaria americana (Trematoda). Can Med Assoc J, 115:1111-1114. 

Fitzgerald SD, Cooley TM, Murphy A, Cosgrove MK, & King BA (2004) Sarcoptic mange in 

raccoons in Michigan. J Wildl Dis, 40:347-350. 

Fox AS, Kazakos KR, Gould NS, Heydemann PT, Thomas C, & Boyer KM (1985) Fatal 

eosinophilic meningoencephalitis and visceral larva migrans caused by the raccoon ascarid 

Baylisascaris procyonis. New Engl J Med, 312:1619-1623. 

Frantz AC, Heddergott M, Lang J, Schulze C, Ansorge H, Runge M, Braune S, Michler F-U, 

Wittstatt U, Hoffmann L, Hohmann U, Micher B, Van Den Berge K, & Horscurg G (2013) Limited 

mitochondrial DNA diversity is indicative of a small number of founders of the German raccoon 

(Procyon lotor) population. Eur J Wildl Res, 59:665-674. 

77

7. REFERENCES 



           

        
   

 
 

Freeman RS, Stuart PE, Culllen SJ, Ritchie AC, Mildon A, Fernandes BJ, & Bonin R (1976) Fatal 

human infection with mesocercariae of the trematode Alaria americana. Am J Trop Med Hyg, 

25:803-807. 

Fritzell EK (1978) Reproduction of Raccoons (Procyon lotor) in North Dakota. American Midland 

Naturalist, 100:253-256. 

Frölich K, Czupalla O, Haas L, Hentschke J, Dedek J, & Fickel J (2000) Epizootiological 

investigations of canine distemper virus in free-ranging carnivores from Germany. Vet Microbiol, 

74:283-292. 

Fröscher W, Gullotta M, Saathoff M, & Tackmann W (1988) Chronic trichinosis. Clinical, biotipic, 

serological and electromyographic observations. Eur Neurol, 28:221-226.  

García JT, García FJ, Alda F, González JL, Aranburu MJ, Cortés Y, Prieto B, Pliego B, Pérez M, 

Herrera J, & García-Román L (2012) Recent invasion and status of the raccoon (Procyon lotor) 

in Spain. Biol Invasions, 14:1305-1310. 

Gehrt SD, Gergits WF, & Fritzell EK (2008) Behavioral and genetic aspects of male social 

groups in raccoons. J Mammal, 89:1473-1480. 

Gehrt SD (2004) Ecology and Management of Striped Skunks, Raccoons and Coyotes in Urban 

Landscapes. In: People and Predators: From Conflict to Coexistence. Island Press, Washington, 

USA, pp 81-94. 

Gehrt SD (2003) Raccoons and allies. In: Wild mammals of North America: biology, 

management and conservation. 2nd ed. John Hopkins University Press, Baltimore, Maryland, 

USA. 

Gehrt SD & Fritzell EK (1998) Resource distribution, female home range dispersion and male 

spatial interactions: group structure in a solitary carnivore. Anim Behav, 55:1211-1227. 

Gerhold RW, Allison AB, Temple DL, Chamberlain MJ, Strait KR, & Keel MK (2007) Infectious 

canine hepatitis in a Gray Fox (Urocyon cinereoargenteus). J Wildl Dis, 43:734-736. 

Gey AB (1998) Synopsis der Parasitenfauna des Waschbären (Procyon lotor) unter 

Berücksichtung von Befunden aus Hessen. Dissertation, Universität Gießen, Gießen, Germany, 

pp. 203. 

78

 7. REFERENCES



            

        
   

 
 

Glass CM, McLean RG, Katz JB, Maehr DS, Cropp CB, Krik LJ, McKeirnan AJ, & Evermann JF 

(1994) Isolation of pseudorabies (Aujeszky’s disease) virus from a Florida panther. J Wildl Dis, 

30:180-184.  

Goldberg MA, Kazakos KR, Boyce WM, Ai E, & Katz B (1993) Diffuse unilateral subacute 

neuroretinitis. Morphometric, serologic, and epidemiologic support for Baylisascaris as a 

causative agent. Ophthalmology, 100:1695-1701. 

González-Fuentes H, Hamedy A, von Borell E, Luecker E, & Riehn K (2014) Tenacity of Alaria 

alata mesocercariae in homemade German meat products. Int J Food Microbiol, 176:9-14. 

Gottstein B, Pozio E, & Nöckler K (2009) Epidemiology, Diagnosis, Treatment, and Control of 

Trichinellosis. Clin Microbiol Rev, 22:127-145. 

Greve JH & O’Brien SE (1989) Adult Baylisascaris infections in two dogs. Companion Anim 

Pract, 19:41-43. 

Hadidian J, Prange S, Rosatte R, Riley SPD, & Gehrt SD (2010) Raccoons (Procyon lotor). In: 

Urban Carnivores. Ecology, Conflict, and Conservation. The John Hopkins University Press, 

Baltimore, USA, pp. 35-47. 

Hamir AN, Snyder DE, Hanlon CA, & Rupprecht CE (1993) First report of a Demodex sp. in 

raccoons (Procyon lotor). J Wildl Dis, 29:139-141. 

Handeland KT, Refsum BS, Johansen G, & Kapperud G (2002) Prevalence of Salmonella 

typhimurium infection in Norwegian hedgehog populations associated with two human disease 

outbreaks. Epidemiology and Infection, 128:523-527. 

Harkema R & Miller GC (1964) Helminth parasites of the raccoon, Procyon lotor, in the 

Southeastern United States. J Parasitol, 50:60-66. 

Heltai M, Szemethy L, Lanszky J & Csanyi S (2000) Returning and new mammal predators in 

Hungary: the status and distribution of the golden jackal (Canis aureus), raccoon dog 

(Nyctereutes procyonides) and raccoon (Procyon lotor) in 1997-200. Beitr Jagd- u Wildforsch, 

26:95-102. 

Hemachudha T, Laothamatas J, & Rupprecht CE (2002) Human rabies: a disease of complex 

neuropathogenetic mechanisms and diagnostic challenges. Lancet Neurol, 1:101-109. 

79

 7. REFERENCES 



           

        
   

 
 

Higgins RJ, Krakowa SG, Metzler A, & Koestner A (1982) Primary demyelination in experimental 

canine distemper virus induced encephalomyelitis in gnotobiotic dogs. Sequential immunologic 

and morphologic findings. Acta Neuropathol, 58:1-8. 

Hill DE, Samuel MD, Nolden CA, Sundar N, Zarlenga DS, & Dubey JP (2008) Trichinella 

murrelly in scavenging mammals from South-Central Wisconsin, USA. J Wildl Dis, 44:629-635. 

Hirsch BT, Prange S, Hauver SA, & Gehrt SD (2013) Raccoon Social Networks and the Potential 

for Disease Transmission. PLoS ONE, 8(10): e75830. 

Hohmann U & Bartussek I (2005) Der Waschbär. 2nd Edition, Oertel + Spörer, Reutlingen, 

Germany, pp 200. 

Hohmann U, Voight S, & Andreas U (2002) Raccoons take the offensive. A current assessment. 

In: Biologische Invasionen. Herausforderung zum Handeln? NEOBIOTA, 1:191-192. 

Hohmann U, Voigt S, & Andreas U (2001) Quo vadis raccoon? New visitors in our backyards – 

On the urbanization of an allochthone carnivore in Germany. In: Naturschutz und Verhalten, 

UFZ-Berichte, Leipzig, Germany pp. 143-148. 

Huff DS, Neafie RC, Binder MJ, De León GA, Brown LW, & Kazakos KR (1984) The first fatal 

Baylisascaris infection in humans: An infant with eosinophilic meningoencephalitis. Pedriatr 

Pathol, 2:345-352. 

Humphrey TJ & Bygrave A (1988) Abortion in a cow associated with Salmonella infection in 

badgers. Vet Record 123:160. 

Ikeda T, Asano M, Matoba Y, & Abe G (2004) Present status of invasive alien raccoon and its 

impact in Japan. Global Environmental Research, 8:125-131. 

Jahraus CD & Philips HL (1999) Clinical presentation and treatment of a Salmonella Bredeney 

epidemic in Shelby County, Alabama. South Med J, 92:799-801. 

Jansen A, Luge E, Guerra B, Wittschen P, Gruber AD, Loddenkemper C, Schneider T, Lierz M, 

Ehlert D, Appel K, Stark K, & Nöckler K (2007) Leptospirosis in urban wild boars, Berlin, 

Germany. Emerg Infect Dis, 13:739-742. 

Jardine C, Reid-Smith RJ, Janecko N, Allan M, & McEwen S (2011) Salmonella in raccoons 

(Procyon lotor) in Southern Ontario, Canada. J Wildl Dis, 47:344-351. 

80

 7. REFERENCES



           

        
   

 
 

Jordan HE & Hayes FA (1956) Gastrointestinal Helminths of raccoons (Procyon lotor) from 

Ossabaw Island, Georgia. J Parasitol, 45:259-252. 

Junge RE, Bauman K, King M, & Gompper ME (2007) A serologic assessment of exposure to 

viral pathogens and Leptospira in an urban raccoon (Procyon lotor) population inhabiting a large 

zoological park. J Zoo Wildl Med, 38:18-26. 

Kapil S, Rezabek G, Germany B, & Johnston L (2010) Isolation of a virus related to canine 

parvovirus type 2 from a raccoon (Procyon lotor). Veterinary Record, 166:24-25. 

Kaplan KJ, Goodman ZD, & Ishak KG (2001) Eosinophilic granuloma of the liver: A characteristic 

lesion with relationship to visceral larva migrans. Am J Sur Pathol, 25:1316-1321. 

Kays R (1999) Raccoons and Relatives. In: Walker’s Mammals of the World. 6th Edition, Volume 

1, The John Hopkins University Press, Baltimore, USA and London, UK, pp. 694-700. 

Kazakos KR & Boyce WM (1989) Baylisascaris larva migrans. J Am Vet Med Assoc, 195:894-

903. 

Kazakos KR (2001) Baylisascaris procyonis and related species. In: Parasitic Diseases of Wild 

Mammals. 2nd Edition, Iowa State University, Iowa,USA, pp 301-341. 

Kelly PW (1989) Leptospirosis: The forgotten spirochetal infection. Infectious Diseases 

Newsletter, 8:45-56. 

Ketusing N, Reeves A, Portacci K, Yano T, Olea-Popelka F, Keefe T, & Salman M (2012) 

Evaluation of strategies for the eradication of pseudorabies virus (Aujeszky’s Disease) in 

commercial swine farms in Chiang-Mai and Lampoon provinces, Thailand, using a simulation 

disease spread mode. Transbound Emerg Dis, 61:169-176. 

Kirkpatrick CM, Kanitz CL, & McCrocklin SM (1980) Possible role of wild mammals in the 

transmission of pseudorabies to swine. J Wildl Dis, 16:601-614. 

Knobel DL, Cleveland S, Coleman PG, Fèvre EM, Meltzer MI, Miranda MEG, Shaw A, Zinsstag 

J, & Meslin F-X (2005) Re-evaluating the burden of rabies in Africa and Asia. Bulletin of the 

World Health Organization, 83:360-3684. 

Knowles DP (2011) Chapter 10, Adenoviridae. In: Fenner’s Veterinary Virology, 4th Edition, 

Academic Press, London, UK. pp. 203-224. 

81

7. REFERENCES 



           

           

 
 

Kobayashi T, Kanai Y, Ono Y, Matoba Y, Suzuki K, Okamoto M, Taniyama H, Yagi K, Oku Y, 

Katakura K, & Asakawa M (2007) Epidemiology, histopathology, and muscle distribution of 

Trichinella T9 in feral raccoons (Procyon lotor) and wildlife of Japan. Parasitol Res, 100:1287-

1291.  

Köhnemann BA & Michler F-U (2009) Sumpf- und Moorlandschaften der nordostdeutschen 

Tiefebene – Idealhabitate für Waschbären (Procyon lotor L., 1758) in Mitteleuropa? Beitr Jagd- u 

Wildforsch, 34:511-524. 

Kramer MH, Eberhard ML, & Blankenberg TA (1996) respiratory symptoms and subcutaneous 

granuloma cause by mesocercariae: a case report. Am J Trop Med Hyg, 55:447-448. 

Krivokapich SJ, Prous CL, Gatti GM, Confalonieri V, Molina V, Matarasso H, & Guarnera E 

(2008) Molecular evidence for a novel encapsulated genotype of Trichinella from Patagonia, 

Argentina. Vet Parasitol, 156:234-240. 

Küche M, Knorr HLJ, Medenblick-Frysch S, Weber A, Bauer C, & Naumann GOH (1993) Diffuse 

unilateral subacute neuroretinitis syndrome in a German most likely caused by the raccoon 

roundworm, Baylisascaris procyonis. Graef Arch Clin Exp Ophtal, 231:48-51. 

Lee K, Iwata T, Nakadai A, Kato T, Hayama S, Taniguchi T, & Hayashidani H (2011) Prevalence 

of Salmonella, Yersinia and Campylobacter spp. in feral raccoons (Procyon lotor) and masked 

palm civets (Paguma larvata) in Japan. Zoonoses Public Health, 58:424-431. 

Léger F (2001) Répartition en France de trois petits carnivores introduits. Beitr Jagd- u 

Wildforsch, 26:137-139. 

Lemberger KY, Gondim LFP, Pessier AP, McAllister MM, & Kinsel MJ (2005) Neospora caninum 

infection in a free-ranging raccoon (Procyon lotor) with concurrent canine distemper virus 

infection. J Parasitol 91:960-961. 

León-Vizcaíno L, Cubero MJ, González-Capitel E, Simón MA, Pérez L, Ruíz de Ybañez M, Ortíz 

JM, González-Candela M, & Alonso F (2002) Experimental ivermectin treatment of sarcoptic 

mange and establishment of a mange-free population of Spanish ibex. J Wildl Dis, 37:775-758. 

Littman M, Nöckler K, & Hallauer J (2006) Cluster of trichinellosis cases in Mecklenburg-

Vorpommern, Germany. Euro Surveill 11 E060518.1. 

Lotze J-H & Anderson S (1979) Procyon lotor. Mammalian Species, 119:1-8. 

82

 7. REFERENCES



           

        
   

 
 

Lutz W (1995) Occurrence and morphometrics of the raccoon Procyon lotor L. in Germany. Ann 

Zool Fennici, 32:15-20. 

Lux E & Priemer J (1995) Zur Parasitierung wildlebender Waschbären unter dem Aspeks ihrer 

nordamerikanischen. Verhber Erkrg Zootiere, 37:429-434. 

Marucci G, La Grange LJ, La Rosa G, & Pozio E (2008) Trichinella nelsoni and Trichinella T8 co-

infection in a lion (Panthera leo) of the Kruger National Park (South Africa). Vet Parasitol, DOI: 

10.1016/j.vetpar.2008.10.041. 

Mayer-Scholl A, Luge E, Draeger A, Nöckler K, & Kohn B (2013) Distribution of Leptospira 

serogroups in Dogs from Berlin, Germany. Vector Borne Zoonotic Dis, 13:200-202. 

McDonald HR, Kazakos KR, Schatz H, & Johnson RN (1994) Two cases of intraocular infection 

with Alaria mesocercaria (Trematoda). Am J Ophthalmol, 114:447-455. 

McFadden, KW, Wade SE, Dubovi EJ, & Gompper ME (2005) A serological and fecal 

parasitologic survey of the critically endangered pygmy raccoon (Procyon pygmaeus). J Wildl 

Dis, 41:615-617. 

Mech LD, Barnes DM, & Tester JR (1968) Seasonal Weight Cahnges, Mortality and Population 

Structure of Raccoons in Minniesota. J Mammal, 49:63-73. 

Michler F-U (2003) Untersuchungen zur Raumnutzung des Waschbären (Procyon lotor, L. 1758) 

im urbanen Lebensraum am Beispiel der Stadt Kassel (Nordhessen). Diploma thesis, Martin-

Luther-Universität Halle-Wittenberg, Halle (Saale), Germany, pp 137.  

Michler F-U & Köhnemann BA (2009) Maskierte Langfinger auf dem Vormarsch – Waschbären 

in Mecklenburg-Vorpommern. Aktueller Wissenstand über potentielle Auswirkungen der 

Waschbärenbesiedlung und Hinweise zur Bejagung. In: Neubürger und Heimkehrer in der 

Wildtierfauna. Gesellschaft für Wildtier- und Jagdforschung, Halle/Saale, Germany, pp. 51-61. 

Michler F-U, Köhnemann BA, Roth M, Speck S, Fickel J, & Wibbelt G (2009) Todesursachen 

sendermarkierter Waschbären (Procyon lotor L. 1758) im Müritz-Nationalpark (Mecklenburg-

Vorpommern). Beitr Jagd- u Wildforsch, 34:339-335. 

Michler F-U & Michler BA (2012) Ökologische, ökonomische und epidemiologische Bedeutung 

des Waschbären (Procyon lotor) in Deutschland – eine aktuelle Übersicht. Beitr Jagd- u 

Wildforsch, 37:389-397. 

83

7. REFERENCES 



           

        
   

 
 

Miller CA, Campbell LK, & Yeagle JA (2001) Attitudes of homeowners in the greater Chicago 

metropolitan region toward nuisance wildlife. Human Dimensions Program Report SR-00-02. 

Illiniois Natural History Survey, Champaign, USA. 

Miyashita M (1993) Prevalence of Baylisascaris procyonis in raccoons in Japan and 

experimental infections of the worm in laboratory animals. Journal of Urban Living and Health 

Association, 37:523-527. 

Möhl K, Große K, Hamedy A, Wüste T, Kabelitz P, & Lücker E (2009) Biology of Alaria spp. and 

human exposition risk to Alaria mesocercariae – a review. Parasitol Res, 105:1-15. 

Monello RJ & Gompper ME (2007) Biotic and abiotic predictors of tick (Dermacentor variabilis) 

abundance and engorgement on free-ranging raccoons (Procyon lotor). Parasitology, 134:2053-

2062. 

Mörner T (1992) Sarcoptic mange in Swedish wildlife. Rev Sci Tech Off Int Epiz, 11:1115-1121. 

Morse EV, Midla DA, & Kazakos KR (1983) Raccoons (Procyon lotor) as carriers of Salmonella. 

J Environ Sci Health A, 18:541-560. 

Muschik I, Köhnemann BA, & Michler F-U (2011) Untersuchungen zur Entwicklung des Raum- 

und Sozialverhaltens von Waschbär-Mutterfamilien (Procyon lotor L.). Beitr Jagd- u Wildforsch, 

36:573-585. 

Muschik I, Köhnemann BA, & Michler F-U (2009) Winterökologie weiblicher Waschbären 

(Procyon lotor L.) und ihrer Jungtiere im Müritz-Nationalpark (Mecklenburg-Vorpommern). Beitr 

Jagd- u Wildforsch, 34:525-538. 

Nakano H, Kameo Y, Sato H, Mochizuki M, Yokoyama M, Uni S, Shibasaki T, & Maeda K (2009) 

Detection of Antibody to Canine Distemper Virus in Wild Raccoons (Procyon lotor) in Japan. J 

Vet Med Sci, 71:1661-1663. 

Nelder MP & Reeves WK (2005) Ectoparasites of road-killed vertebrates in northwestern South 

Carolina, USA. Vet Parasitol, 129:313-322. 

Nikolin VM, Wibbelt G, Michler F-U, Wolf P, & East ML (2012) Susceptibility of carnivore hosts to 

strains of canine distemper virus from distinct genetic lineages. Vet Microbiol, 153:45-53. 

Nikolitsch M (1954) Die Aujeszkysche Krankheit beim Reh. Wiener Tierarztliche Monatsschrift, 

41:603-605. 

84

 7. REFERENCES



           

        
   

 

 

Ninomiya H & Ogata M (2002) Notoedric mange in two free-ranging North American raccoons 

(Procyon lotor) in Japan. Vet Dermatol, 13:119-121. 

Odening K (1963) Zur Diagnostik der Mesocercarie von Alaria alata, eines möglichen Parasiten 

des Menschen in Europa, anhand experimenteller Befunde beim Affen. Mber Dtsch Akad Wiss 

Berlin, 5:385-390. 

Oie KL, Durrant F, Woldinbarger JB, Martin D, Costello F, Perryman S, Hogan D, Hadlow WJ, & 

Bloom M (1996) The Relationship between Capsid Protein (VP2) Sequence and Pathogenicity of 

Aleutian Mink Disease Parvovirus (ADV): a possible Role for Raccoons in the Transmission of 

ADV Infections. J Virol, 70:852-861. 

Orozco RL, Iturriaga MH, Tamplin ML, Fratamico PM, Call JE, Luchansky JB, & Escartin EF 

(2008) Animal and environmental impact on the presence and distribution of Salmonella and 

Escherichia coli in hydroponic tomato greenhouses. J Food Protection, 71:676-683. 

Ortmann S, Köhnemann BA, Michler F-U, & Roth M (2011) Radiotelemetrische Untersuchung 

des Raum-Zeit-Verhaltens adulter Waschbären (Procyon lotor L., 1758) im Müritz-Nationalpark 

(Mecklenburg-Vorpommern). Beitr Jagd- u Wildforsch, 36:539-556. 

Overstreet RM (1970) Baylisascaris procyonis (Stefanski and Zarnowski, 1951) from the 

Kinkajou, Potos flavus in Colombia. P Helm Soc Wash, 37:192-195. 

Page LK, Gehrt SD, & Robinson NP (2008) Land-use effects on prevalence of raccoon 

roundworm (Baylisascaris procyonis) J Wildl Dis, 44:594-599. 

Page KL, Anchor C, Luy E, Kron S, Larson G, Madsen L, Kellner K, & Smyser TJ (2009) 

Backyard raccoon latrines and risk for Baylisascaris procyonis transmission to humans. Emerg 

Infect Dis, 15:1530-1531. 

Parrish CR (2011) Chapter 12, Parvoviridae. In: Fenner’s Veterinary Virology, 4th Edition, 

Academic Press, London, UK. pp. 225-235. 

Paulsen P, Ehebruster J, Irshik I, Lücker E, Riehn K, Winkelmayer R, & Smulders FJM (2012) 

Findings of Alaria alata mesocercariae in wild boars (Sus scrofa) in eastern Austria. Eur J Wildl 

Res, 58:991-995. 

Pedlar JH, Fahrig L, & Merriam HG (1997) Raccoon habitat use at 2 spatial scales. J Wildl 

Manage, 61:105-112. 

85

7. REFERENCES 



           

           

 

 

Pence DB & Ueckermann E (2002) Sarcoptic mange in Wildlife. Rev Sci Tech Off Int Epiz, 

21:358-398. 

Pence DB & Windberg LA (1994) Impact of a sarcoptic mange epizootic on a coyote population. 

J Wildl Managem, 58:624-663. 

Philippa J, Fournier-Chambrillon C, Fournier P, Schaftenaar W, van de Bildt M, van Herweijnen 

R, Kuiken T, Liabeuf M, Ditcharry S, Joubert L, Bégnier M, & Osterhaus A (2008) Serologic 

survey for selected viral pathogens in free-ranging endangered European mink (Mustela 

Lutreola) and other mustelids from South-western France. J Wildl Dis, 44:791-801. 

Pitt JA, Larivière S, & Messier F (2008) Social organization and group formation of raccoons at 

the edge of their distribuition. J Mamm, 89:646-653. 

Plym Forshell L, & Wierup M (2006) Salmonella contamination: a significant challenge to the 

global marketing of animal food products. Rev Sci Tech Off Int Epiz, 25:541-554. 

Popiołek M, Szczęsna-Staśkiewicz J, Bartoszewicz M, Okarma H, Smalec B, & Zalewski A 

(2011) Helminth Parasites of an Introduced Invasive Carnivore Species, the Raccoon (Procyon 

Lotor L.), from the Warta Mouth National Park (Poland). J Parasitol, 97:357-360. 

Portier J, Jouet D, Ferté H, Gibout O, Heckmann A, Boireau P, & Vallée I (2011) New data in 

France on the trematode Alaria alata (Goeze, 1792) obtained during Trichinella inspections. 

Parasite, 18:271-275. 

Portier J, Vallée I, Lacour SA, Martin-Schaller R, Ferté H, & Durand B (2014) Increasing 

circulation of Alaria alata mesocercaria in wild boar populations of the Rhine Valley, France, 

2007-2011. Vet Parasitol, 199:153-159. 

Pozio E (1998) Trichinellosis in the European Union: Epidemiology, Ecology and Economic 

Impact. Parasitol Today, 14:35-38. 

Pozio E (2007) World distribution of Trichinella spp. infections in animals and humans. Vet 

Parasitol, 149:3-21. 

Rabinowitz AR (1984) Serologic survey for selected viruses in a population of raccoons, Procyon 

lotor (L.), in the Great Smoky Mountains. J Wildl Dis, 20:146-148. 

Raymond JT, Gillespie RG, Woodruff M, & Janovitz EB (1997) Pseudorabies in captive coyotes. 

J Wildl Dis, 33:916-918. 

86

 7. REFERENCES



           

        
   

 
 

Richardson DJ, Owen WB, & Snyder DE (1992) Helminth parasites of the raccoon (Procyon 

lotor) from North-Central Arkansas. J Parasitol, 78:163-166. 

Richardson DJ & Gauthier JL (2003) A serosurvey of leptospirosis in Connecticut peridomestic 

wildlife. Vector Borne Zoonotic Dis, 3:187-193. 

Riehn K, Hamedy A, Große K, Zeitler L, & Lücker E (2010) A novel detection method for Alaria 

alata mesocercariae in meat. Parasitol Res 107:213-220. 

Riehn K, Hamedy A, Große K, Wüste Tanja, & Lücker E (2012) Alaria alata in wild boars (Sus 

scrofa Linnaeus, 1758) in the eastern parts of Germany. Parasitol Res, 111:1857-1861. 

Riehn K, Lalkovski N, Hamedy A, & Lücker E (2014) First detection of Alaria alata 

mesocercariae in wild boars (Sus scrofa Linnaeus, 1758) from Bulgaria. J Helminthol, 88:247-

249. 

Riley SPD, Hadidian J, & Manski DA (1998) Population density, survival, and rabies in raccoons 

in an urban national park. Can J Zool, 76:1153-1164. 

Rosatte RC & MacInnes CD (1989) Relocation of city raccoons. Great Plains Wildlife Damage 

Control Workshop Proceedings, paper 460. 

Rosatte RC, Power MJ, MacInnes CD, & Campbell JB (1992a) Trap-vaccinate-release and oral 

vaccination for rabies control in urban skunks, raccoons and foxes. J Wildl Dis, 28:562-571.  

Rosatte RC, Power MJ & MacInnes CD (1992b) Density, dispersion movements and habitat of 

skunks (Mephitis mephitis), and raccoons (Procyon lotor) in metropolitan Toronto. In: Wildlife 

2001: Populations. Elsevier Sci Publ, London, UK, pp. 932-944. 

Rosatte RC (2000) Management of raccoons (Procyon lotor) in Ontario, Cananda: Do human 

intervention and disease have significant impact on raccoon populations? Mammalia, 64:369-

390.  

Rosner BM, Stark K, & Werber D (2010) Epidemiology of reported Yersinia enterocolitica 

infections in Germany, 2001-2008. BMC Public Health, 10:337. 

Rossi L, Meneguz PG, de Martin P, & Rodolfi M (1995) The epizootiology of sarcoptic mange in 

chamois, Rupicapra rupicapra, from the Italian Eastern Alps. Parassitologia, 37:233-340. 

Rudd PA, Cattaneo R, & von Messling V (2006) Canine distemper virus uses both the 

anterograde and the hematogenous pathway for neuroinvasion. J Virol, 80:9361-9370. 

87

7. REFERENCES 



           

           

 

 

Ryser-Degiorgis M-P, Ryser A, Bacciarini LN, Angst C, Gottstein B, Janovsky M, & Breitenmoser 

U (2002) Notoedric and sarcoptic mange in free-ranging lynx from Switzerland. J Wildl Dis, 

38:228-232. 

Sanderson GC (1987) Raccon. In: Wild furbearer management and conservation in North 

America. Ontario Trappers Association Publisher, North Bay, Ontario, USA, pp. 487-499. 

Schlei L, Schank C, Schaul M & Sinner C (2001) Neubürger und Heimkehrer unter den 

Wildtieren Luxenburgs. Beitr Jagd- u Wildforsch, 26:141-154. 

Schneider LG (1985) Oral Immunization of Wildlife against Rabies. Ann Inst Pasteur/Virol, 

136:469-473. 

Schultze AE, Maes RK, & Taylor DC (1986) Pseudorabies and volvulus in a black bear. J Am Vet 

Med Assoc, 189:1165-1186. 

Shayegani M, Stone WB, DeForge I, Root T, Parsons LM, & Maupin P (1986) Yersinia 

enterocolitica and related species isolated from wildlife in New York State. Appl Environ 

Microbiol, 52:420-424. 

Shea M, Maberley AL, Waltery J, Freemann RS, & Fallis AM (1973) Intraretinal larval trematode. 

Trans Am Ophthalmol Otolaryngol, 77:784-791. 

Sheppard CH & Kazakos KR (1997) Susceptibility of Peromyscus leucopus and Mus musculus 

to infection with Baylisascaris procyonis. J Parasitol, 83:1104-1111. 

Shoop WL & Corkum KC (1981) Epidemiology of Alaria marcianae mesocercariae in Louisiana. 

J Parasitol, 67:928-931. 

Slate S, Algeo TP, Nelson KM, Chipman RB, Donovan D, Blanton JD, Niezgoda M, & Rupprecht 

CE (2009) Oral Rabies Vaccination in North America: Opportunities, Complexities, and 

Challenges. PLOS Negl Trop Dis, 3:e549. 

Spitenberger F, Bauer K, Sackl P & Sieber J (2001) Heimkehrer und Neubürger der 

österreichischen Säugertierfauna. Beitr Jagd- u Wildforsch, 26:127-136. 

Stolte M, Odening K, Walter G, & Bockhardt I (1996) The raccoon and intermediate host of three 

Sarcocystis species in Europe. Comp parasitol, 63:145-149. 

Széll Z, Tolnai Z, & Sréter T (2013) Environmental determinants of the spatial distribution of 

Alaria alata in Hungary. Vet Parasitol, 198:116-121. 

88

 7. REFERENCES



           7. REFERENCES 

        
   

 
 

Tan CG, Dharmarajan G, Beasley J, Rhodes Jr. O, Moore G, Wu CC, & Lin TL (2014) Neglected 

leptospirosis in raccoons (Procyon lotor) in Indiana, USA. Veterinary Quaterly, 34:1-10. 

Taratuto AL & Venturiello SM (1997) Trichinosis. Brain Pathol, 7:663-672. 

Thawley DG & Wright JC (1982) Pseudorabies virus infection in raccoons: A review. J Wildl Dis, 

18:113-116. 

Thompson H, O’Keeffe AM, Lewis JCM, Stocker LR, Laurenson MK, & Philbey AW (2010) 

Infectious canine hepatitis in red foxes (Vulpes vulpes) in the United Kingdom. Veterinary 

Record, 166:111-114. 

Telford SR Jr & Forrester DJ (1991) Hemoparasites of raccoons (Procyon lotor) in Florida. J 

Wildl Dis, 27:486-490. 

Tenter AM, Heckeroth AR, & Weiss LM (2000) Toxoplasma gondii: from animals to humans. Int J 

Parasitol, 30:1217-1258. 

Timm SF, Munson L, Summers BA, Terio KA, Dubovi JE, Rupprecht CE, Kapil S, & Garcelon DK 

(2009) A suspected canine distemper epidemic as the cause of a catastrophic decline in Santa 

Catalina Island foxes (Urocyon littoralis catalinae). J Wildl Dis, 45:333-343. 

Todd AW, Gunson JR, & Samuel WM (1981) Sarcoptic mange: An important disease of coyotes 

and wolves of Alberta, Canada. In Worldwide Furbearer Conference Proceedings, 3-11 August 

1980, Frostburg, MD, USA. Pp. 706-729. 

Truyen U, Evermann JF, Vieler E, & Parrish CR (1996) Evolution of canine parvovirus involved 

loss and fain of feline host range. Virology, 215:186-189. 

Tschirch W (2001) Die Bedeutung von Luchs, Wildkatze, Waschbär und Marderhund in der 

Tollwut-Epidemiologie. Beitr zur Jagd- u Wildforsch, 26:281-298.  

Von Becker CH & Hermann HJ (1963) Zur Übertragbarkeit des Aukeszkyvirus durch die Ratte. 

Monatshefte für Veterinärmedizin, 18:181-184. 

Vos A, Ortmann S, Kretzschmar AS, Köhnemann B, & Michler F (2012) The raccoon (Procyon 

lotor) as potential rabies reservoir species in Germany: a risk assessment. Berl Münch Tierärztl 

Wochenschr, 125:228-235. 

Walton SF, Holt DC, Currie BJ, & Kemp DJ (2004) Scabies: New future for a neglected disease. 

Adv Parasitol, 57:309-376. 

89



           

           

 
 

Winter M (2005) Zur Ökologie des Waschbären (Procyon lotor Linné, 1758) in Sachsen-Anhalt. 

Diploma thesis, Martin-Luther-Universität Halle-Wittenberg, Halle (Saale), Germany, pp. 109. 

Zillich S (2010) Müritz – Wälder, Moore, Seen. BUNDmagazin, 3:28-29. 

Zimina RP (1978) The main features of the Caucasian natural landscapes and their 

conservation, USSR. Artic and Alpine Research, 10:479-488. 

90

 7. REFERENCES



          8. PUBLICATIONS LIST 

 
 

8. PUBLICATIONS LIST 
The publications in section 3 of this dissertation are enlisted below. An unpublished manuscript 

that will be submitted to a peer-review journal comprises number 4 of this list. 

 

1) Rentería-Solís ZM, Hamedy A, Michler F-U, Michler BA, Lücker E, Stier N, Wibbelt G, 

Riehn K (2013) Alaria alata mesocercariae in raccoons (Procyon lotor) in Germany. 

Parasitol Res, 112:3595-3600. DOI: 10.1007/s00436-013-3547 

 

2) Rentería-Solís Z, Min AM, Alasaad S, Müller K, Michler F-U, Schmäschke R, Wittstatt U, 

Rossi L, Wibbelt G (2014) Genetic epidemiology and pathology of raccoon-derived 
Sarcoptes mites from urban areas of Germany. Med Vet Entomol, 28(S1):98-103. 

DOI: 10.1111/mve.12079. 
 
 

3) Rentería-Solís Z, Förster C, Aue A, Wittstatt U, Wibbelt G, König M (2014) Canine 
distemper outbreak in raccoons suggests pathogen interspecies transmission 
amongst alien and native carnivores in urban areas from Germany. Vet Microbiol, 

174:50-59. DOI: 10.1016/j.vetmic.2014.08.034. 
 

4) Rentería-Solís Z, Michler F-U, Michler BA, Förster C, Nöckler K, Mayer-Scholl A, Grobbel 

M, Aue A, Wittstatt U, König M, Wibbelt G. Disease investigations in free-ranging 
raccoons (Procyon lotor) from rural and urban settlements in Germany. 

Unpublished manuscript.  

91



          9. ACKNOWLEDGMENTS 

 
 

9. ACKNOWLEDGMENTS 
First of all, I would like to thank Dr. Gudrun Wibbelt for believing in me and giving me the opportunity to 

work in this project. Thank you, Gudrun for all your support, infinite patience, for being enthusiastically 

engaged with this project, for teaching me so many lessons during these 4 years, for being a role model 

for young women in science, for your contagious love for science, pathology and wildlife research, for your 

valuable critics and constructive discussions that allowed me to become a better scientist, and most 

importantly, thank you for changing my life with this PhD.  

I’m also thankful with Prof. Alex Greenwood for allowing me to work in his department and for his help, 

useful comments, and insights during the writing process of this thesis. I am also grateful with Prof. 

Heribert Hofer, director of the IZW for letting me work at this Institution and support. I would like to thank 

the German Academic Exchange Service and the Mexican Council of Science and Technology for their 

financial support during my time in Germany. To Stephanie Büchl (DAAD), Rocío Moreno and Samuel 

Manterola (CONACyT) for their kind support. 

I would also like to thank the crew of “Projekt Waschbär” especially to Frank-Uwe and Berit Michler, 

without their support this project would have not been possible. Thank you, Frank and Berit for sharing 

your passion and knowledge about raccoon ecology. Additionally, I thank the hunters of Müritz National 

Park for their disposition to collect raccoon carcasses and donate them to this project. 

I’m most grateful to Dr. Ulrich Wittstatt and Dr. Angelika Aue of the Landeslabor Berlin-Brandenburg for 

their enormous help with the Berlin raccoons, disposition, collaboration, and always kind treatment. Thank 

you so much for allowing me to work at your facilities. 

I thank dearly to my colleagues of the Wildlife Disease Department, to the entire “Patho” crew: Claudia 

Szentiks, thank you for your eternal smile and for always cheering me up; Marion Biering and Doris 

Krumnov, thank you my dear ladies for your lovely talks, German lessons, and for your rapid and always 

efficient technical assistance; Dagmar Viertel, thank you for your laugh, cheerful words, for lighting up the 

ELMI room with your jovial character and support with the electron microscopy; Zoltán Mezö, my dear 

friend I’ll be forever thankful for your friendship, help, awesome chats and teaching with the necropsies. To 

Katja Pohle, Nadine Jahn, Nicole Dinse and Karin Hönig, thank you all of you for the nice talks and for the 

technical assistance. To Kristin Mühldorfer, I thank you greatly for your enormous help and words of 

wisdom when I needed them the most, thank you also for being a role model for me during the first years 

of my project. To Mirjam Grobbel for her kind words of support and collaboration with the bacteriological 

analyses. To Gábor Czirják for the jokes, nice talks and for always share literature and knowledge with 

me. I am also grateful with the nice ladies in the library, Cornelia Greulich and Beate Peters-Mergner for 

their kind help with literature research. I also thank Mr. Krebs for his jovial attitude that welcomed me 

every morning. 

I am also very grateful to all the collaborators and co-authors in the manuscripts, especially to Dr. Matthias 

König and the Institute of Virology, Faculty of Veterinary Medicine, Justus-Liebig-Universität Gießen: 

Cristine Förster, Susi Schimid, Edmilson Ferreira de Oliveira, Heidrun Will, Sylvaine Jacobi, Kerstin 

92



          9. ACKNOWLEDGMENTS 

           

 
 

Göbler, Barbara Bank-Wolf, Tanja Lemmermeyer, Manuela Heiman, Joachim Lowitzer, Renate Neidhartm 

Sybille Herzog Sabine and Prof. Jürgen Thiel. Thank you so much for your support and for letting me 

became part of your institute during my time in Gießen. I also thank Dr. Lucca Rossi, his team and Dr. 

Samer Alasaad for their fantastic support, time invested and collaboration. Finally, I am also grateful with 

the Institute of Food Hygiene, Faculty of Veterinary Medicine, University of Leipzig, especially with Prof. 

Dr. Katharina Riehn and Dr. Ahmed Hamedy for their collaboration, support and constructive discussions 

during the Alaria alata project. 

Thank you to my friends that supported me during this time, especially to my fellow PhD students: Rafael 

Ortíz and Aines Castro, thank you guys for your friendship and support during my first years. Ximena 

Olarte and Olia Amelkina, thank you my dear friends for the nice chats, laughs, snowball fights and jokes, 

you two made these years more enjoyable and I’ll be forever grateful for that. To Kyriakos Tsangaras, 

thank you for all those nice talks, jokes, lessons and friendship. To Jundong Tian, my dear Jundong, thank 

you for sharing the office with me, for all those nice talks, and for your friendship, I will miss you dearly. To 

Alexander Hecht, dear Alex, every time we talked, I got a big life lesson from you, also thank you for 

“forcing me” to smile every time we meet in the hallway. Thank you also to Niccolo Alfano for making me 

laugh with your chats and jokes. Susanne Holtze, thank you for those talks of support while enjoying a 

delicious lentil soup, I really admire you. To Johanna Painer, thank you for being a constant friend in this 

journey, for your nice talks, and swimming lessons. Thank you also to the wonderful friends and 

colleagues I made during this time: Sebastian Menke, Simon Ghanem, Mayté Prieto, Sarah Benhaiem, 

Mark & Ina Büntjen, Katharina Schröder, David Lehmann, Marie-Louise Kampmann, Ines Lesniak, Caro 

Weh, Daniel Lewanzik, Sven Kühlman, Azza Abdelgawad, and Michael Blohm.  

I also thank my Mexican friends in Germany, Hortencia Flores and Hiromi González, thank you guys for 

your friendship and support. To Adriana Solís and Yussef Manzur, thank you guys for your friendship and 

valuable help during very chaotic times. To my dear long-time friends in Mexico, Alejandra Gómez, Angela 

Torres, Sofía Córdova, Luis Suárez, Myriam Sauceda, Alejandra Reyes and Berenice Rodríguez. I also 

thank to Dr. Jaime Hernández for the long-distance support, his advices, and cheerfulness. 

Most dearly, I would like to thank Luis Flores-Landaverde for his infinite love, patience, support, kind heart 

and for make everything better during the last 7 years. I would also like to thank to my dog “Pedrito” 

because he is awesome and he cheered me up, no matter what. 

This dissertation is dedicated to my beloved mother, María Luisa Solís and my two sisters, Iris & Aleida 

Rentería, I thank them for their infinite love, support, motivation and inspiration since the moment I was 

born. I hope they can be as proud of me as I am of them.  

 

 

 

 

 

93



  10. SELBSTSTÄNDIGKEITSERKLÄRUNG 
 

 
 

10. SELBSTSTÄNDIGKEITSERKLÄRUNG 

Ich erkläre, dass ich die vorliegende Dissertation selbständig, ohne unzulässige fremde Hilfe 

und nur unter Verwendung der angegebenen Literatur und Hilfsmittel angefertigt habe. 

 

Zaida Melina Rentería Solís 

Berlin, 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

94



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


