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ABSTRACT

Trichinella nativa is a member of the genus Trichinella, which includes nine different species
and three genotypes. Trichinella spp. are spread worldwide and they can cause a disease
called trichinellosis in both animals and humans.

In this thesis, the epidemiology of T. nativa and other Trichinella species in a boreal
environment was investigated. Unusual T. nativa infection in a domestic cat with clinical
signs was reported. Host responses induced by T. nativa and Trichinella spiralis were
compared in a selective host (rat) to identify the phase of the life cycle in which the selective
responses take place.

Of the 2483 carnivorous samples collected from Finland, 617 (24.8%) were positive for
Trichinella spp. Four endemic Trichinella species were identified using multiplex PCR: T.
spiralis, T. nativa, Trichinella britovi, and Trichinella pseudospiralis. Trichinella nativa was
shown to be the predominant Trichinella species (80.1%) in all investigated host species. Red
fox and raccoon dog were the most important reservoir animals when population size,
estimated prevalence of Trichinella infection, and infection intensity were taken into account.

Trichinella infection can cause clinical manifestations; a domestic cat had an ulcer below the
eyelid and a skin biopsy revealed one Trichinella sp. larva surrounded by inflammatory
reaction and granulation tissue. Enzyme-linked immunosorbent assay and Western blotting
showed a seropositive reaction against Trichinella spp. antigens in the cat’s serum. The
Trichinella sp. larva was identified as T. nativa by multiplex PCR. During the 1-year follow-
up, a subcutaneous mass started to cover the previous surgical site. A biopsy sample taken
from that area showed inflammatory cells and fibroblasts, with some fibrodysplasia.

To identify the phase of the life cycle in which the defense against Trichinella takes place,
rats were infected both per orally (p.o.) and intravenously (i.v.) with T. nativa and T. spiralis
larvae. After i.v. injection, 1.7% of the T. nativa NBL and 20% of the T. spiralis NBL
reached the muscle tissue of the rat (p<0.05). These results showed that the defense against
Trichinella did not solely localize to the enteral or parenteral phase. The different infectivity
of the two Trichinella species can also be partly explained by difference in reproductivity; T.
nativa females isolated from a mouse released more NBL than those isolated from a rat. In
contrast, T. spiralis females isolated from a mouse produced fewer NBL than those isolated
from a rat.

Trichinella nativa and T. spiralis induced similar gene expression changes in the intestinal
tissue of a selective host studied with whole-genome microarray on day five post infection
(p.1)., even though the parasite burden caused by T. spiralis was significantly higher than that
caused by T. nativa. When the two Trichinella-infected groups were pooled and compared
with control animals, microarray data of the infected animals indicated nonspecific damage
and an inflammatory response in the jejunal mucosa. Histopathological changes supported the
microarray data.



Trichinella spp. is highly prevalent in Finland; it is a risk for domestic animals and humans.
Even low infection intensity can cause clinical signs or symptoms.
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1. INTRODUCTION

Trichinella spp. belong to the genus Trichinella and phylum Nematoda, roundworms (Noble
et al., 1989). The genus is divided into nine separate species and three genotypes (Pozio et al.,
1992a; Pozio et al., 1992b; Nagano et al., 1999; Pozio et al., 2002a; Krivokapich et al., 2012).
Trichinella spp. are unique parasites with many incomparable characteristics; they are the
smallest human nematode parasites and also the largest of all intracellular parasites.
Trichinella resides intracellularly, in both enterocytes and skeletal striated muscles cells of a
host. Trichinella spp. males are between 0.62 mm to 1.58 mm long and 25 to 33 um wide;
females are about twice the size of the males. In male muscle larvae (ML), total length is 0.65
to 1.07 mm and width is 26 pum to 38 um; in female ML, total length is 0.71 mm to 1.09 mm
and width is 25 pum to 40 pum.

Adult Trichinella worms live and reproduce in the intestine of a host and the released
newborn larvae (NBL) invade into skeletal muscles (Villella JB., 1970; Despommier DD.,
1983). Trichinella was first discovered in 1835 (Owen, 1835). The curiosity of a young
medical student James Paget to solve what caused the “sandy diaphragm” of an Italian
bricklayer who had died of tuberculosis resulted in the discovery of Trichinella. Obviously,
Trichinella parasite had existed much earlier; ancient prohibitions to eat pork are likely
connected to Trichinella (Gould, 1970). The life cycle of Trichinella was discovered in 1850
when experimental infections were done by feeding infected human muscles to dogs
(Virchow M.R., 1859; Leuckart R., 1860; Gould, 1970). Trichinella nativa was proposed to
be a separate Trichinella species by Britov and Boev in 1972 (Britov and Boev 1972).

The importance of the Trichinella parasite is widely known. Trichinella causes a disease
called trichinellosis, which is a zoonosis and can be fatal in case of severe infection. This
disease is a public health threat because it affects human patients globally (Dupouy-Camet,
2000; Pozio, 2007; Gottstein et al., 2009). It is also an economic issue in food safety and
porcine animal production.

In Finland, human Trichinella cases are rare. The last reported domestic human infection was
in 1977, when bear meat infected three men in northern Finland (Salmi T., 1978). However,
the prevalence of Trichinella spp. in Finnish wild animals is very high (Oksanen et al., 1998;
Oivanen et al., 2002a). Trichinella-positive raccoon dogs and red foxes maintain the infection
pressure near farms. In addition, rats can be risk factors for pig infections (Schad et al., 1987,
Smith, H. J., and E. K. Kay, 1987; Leiby et al., 1990; Gamble et al., 1999; Oivanen et al.,
2000; Oivanen et al., 2002b).

In this thesis, the purpose was to clarify the role of T. nativa in Finnish wildlife and the
response it causes in a host. The focus was on T. nativa, which is the most common
Trichinella species in Finland. There is not much information about T. nativa; earlier studies
have focused mostly on Trichinella spiralis.
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2. LITERATURE REVIEW

2.1. Trichinella species and life cycle

Since Trichinella was first discovered in 1835 until the middle of the following century, it
was expected that all trichinellosis was caused by one species, T. spiralis (Owen, 1835).
Trichinella spiralis was thought to have low host specificity and be capable of infecting a lot
of different animal species and also humans. In the 1960s, it was noticed in Africa that
different T. spiralis strains had different infectivity in rats and pigs (Nelson G.S. and
Mukundi J., 1963). After that, experimental studies and molecular and biochemical methods
have been involved in the identification of different Trichinella species. At present, the genus
Trichinella includes nine different Trichinella species and three genotypes that are further
divided into capsulated (T. spiralis, T. nativa, Trichinella britovi, Trichinella murrelli,
Trichinella nelsoni, Trichinella patagoniensis, genotype T6, genotype T8, and genotype T9)
and uncapsulated (Trichinella pseudospiralis, Trichinella papuae, and Trichinella
zimbabwensis) ones (Pozio et al., 1992a; Pozio et al., 1992b; Nagano et al., 1999; Rombout et
al., 2001; Pozio et al., 2002; Krivokapich et al., 2012). Despite slight interspecific size
variation, there is no clear morphological difference between the species and genotypes; they
are commonly identified by molecular techniques (Zarlenga and La Rosa, 2000).

Trichinella is a specific nematode because it completes all the developmental stages in a
single host and the infective L1 larvae are maintained in the same host individual where they
are released. The life cycle is divided into enteral and parenteral phases (Villella JB., 1970;
Despommier DD., 1983). A host becomes infected by Trichinella by eating raw or
undercooked infected meat. In the enteral phase, the larvae are released from muscle tissue in
the stomach due to low pH and digestive enzymes. The larvae migrate to the small intestine
and penetrate intra-multicellularly into a row of columnar epithelial cells at the base of the
villus. They go through four moltings and, after about 30 hours, they are sexually mature
(Despommier DD., 1983). They mate, and after copulation the male worms die (Soulsby,
1982). Approximately from day five post infection (p.i.) onwards, the female worms start to
release NBL. The length of the time period in which NBL are released is from one to several
weeks and it depends on the host immunity and Trichinella species. The females are,
however, most productive during the first week of the reproductive period (Marti and Murrell,
1986). One Trichinella female can release as many as 500-1500 larvae, depending on both
the host species and Trichinella species and also the immune status of the infected host
(Pozio et al., 1992a; Pozio et al., 1992b; Capo and Despommier, 1996). Trichinella nativa
females isolated from the rat intestine produced fewer NBL in vitro during one day than T.
spiralis females (Pozio et al., 1992a). In addition, the site in the small intestine influences
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productivity; T. spiralis females grown in the jejunum produced more larvae than those in the
ileum (Sukhdeo, 1991).

In the parenteral phase, the NBL migrate to striated muscle via lymphatic and blood vessels
and actively penetrate into muscle cells. They modify the muscle cell into a nurse cell, which
helps the parasite to receive nutrients and export wastes (Despommier DD., 1983). Around
the nurse cells, a collagen capsule is formed for encapsulated Trichinella species
(Despommier DD., 1990; Bruschi and Murrell, 2002). Within the nurse cell, NBL develop to
the infective muscle-stage larvae without molting. This takes about 15 days. The ML can
survive for years in the host muscle [up to 40 years in humans (Fréscher et al., 1988) and
over 20 years, for example, in polar bears] and for weeks to some months in decaying tissues
of dead hosts (Despommier, 1975; Froscher et al., 1988; Kumar et al., 1990; Despommier et
al., 1991). The survival in carcasses is enabled by anerobic metabolism of the ML and
survival time depends on the temperature and moisture of the environment (Despommier,
1998). Some Trichinella species, T. nativa, T. britovi, and T6, can tolerate even low freezing
temperatures. Trichinella nativa and T6 can survive and stay infective for many years in
frozen carrion. Survival time depends on the host and Trichinella species; it is the longest in
the striated muscle of carnivores and is strongly reduced, for example, in swine and rodent
muscles (Kapel et al., 1999; Malakauskas and Kapel, 2003; Lacour et al., 2013). However,
also non-freezing tolerant T. spiralis can stay infective in horse for at least four weeks at -
18 °C (Hill et al., 2007a).

2.2. Trichinella epidemiology

2.2.1. Trichinella spp. worldwide

Trichinella spp. exist on all continents excluding Antarctica (Pozio and Murrell, 2006).
However, reliable information on the epidemiology of Trichinella spp. is not gathered
consistently; in many countries, reporting is founded on a voluntary basis, which results in
scattered information. In domestic animals, Trichinella spp. have been documented in 43
countries and in 66 countries in wild animals (Pozio, 2007). Human trichinellosis has been
documented globally in 55 countries (Pozio, 2007).

Some of the nine Trichinella species and three genotypes occur in wide geographical areas;
others only have a limited patchy distribution. It can be hypothesized that the incidence of
infection by different Trichinella species may be influenced by the ability of the ML to
survive in the carcass in the environment in question and also the host species and their
population density in certain areas. In total, Trichinella spp. have been found in more than
100 mammal species, seven avian species, and four reptile species as natural infections
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(Pozio, 2005; Lee et al., 2013). However, the most important reservoirs for Trichinella spp.
are carnivores and porcine omnivores (Pozio, 2005).

2.2.2. Sylvatic and domestic cycles

Most of the Trichinella species, apart from T. spiralis, exist predominantly in wild animals.
The transmission between wildlife hosts is called the sylvatic cycle; the domestic cycle
involves, for example, swine and horses. Trichinella infection can transmit from a sylvatic
environment to a domestic cycle when wild animals are in contact with domestic animals or
when domestic animals are fed, for example, undercooked feed of animal origin. Trichinella
infection can also be transmitted via synantrophic animals, which are animals that live close
to or in human habitation, like rats by swine herds or stables. The typical Trichinella species
in the domestic cycle is T. spiralis (Pozio, 2001; Pozio, 2007).

2.2.3. Trichinella species and Trichinella prevalence in Finland

The four Trichinella species that exist in Finland are T. spiralis, T. nativa, T. britovi, and T.
pseudospiralis; the most prevalent one is T. nativa (Kapel et al., 2001; Oivanen et al., 2002a).
Trichinella nativa is widespread in arctic and boreal areas; it can even survive in frozen
(-18°C) carnivore meat for five years (Dick and Pozio, 2001). The main hosts for T. nativa
are both terrestrial and marine carnivores (Forbes, 2000; Kapel, 2000). It reproduces poorly
in swine and rodents, so the risk for transmission from wild animals to domestic ones is low
(Pozio et al., 1992b; Kapel and Gamble, 2000; Kapel, 2001). In Finland, T. nativa exists in
wild carnivores, especially in raccoon dogs and red foxes (Oivanen et al., 2002a).

Trichinella spiralis, the domestic Trichinella species, is highly infective to swine and rats
(Leiby et al., 1990; Kapel and Gamble, 2000). It is cosmopolitan and is present in many
regions of the world. It is usually the cause of human infections. In Finland, T. spiralis has
been found more often in domestic animals but it has also been found, for instance, in
raccoon dogs and red foxes (Oivanen et al., 2002a).

Trichinella britovi is the most widespread sylvatic Trichinella species in temperate areas of
Europe and Asia (Pozio and Murrell, 2006). It has a moderate tolerance to freezing (Pozio et
al., 1992b) and can be found also in boreal areas; for example, in Finland, it has been
detected in the same host with T. nativa as a mixed infection (Oivanen et al., 2002a).
Trichinella britovi is prevalent in many sylvatic carnivores in Finland but it can also infect
pigs (Oksanen et al., 1998; Oivanen et al., 2002a).

Trichinella pseudospiralis is the only non-encapsulated Trichinella species in Finland. It can
infect both mammals and birds (Shaikenov B., 1980). In Finland, it has been found, for
example, in raccoon dogs (Oivanen et al., 2002a).
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All Trichinella species can exist as a single species or mixed infection, when infection with
two or more species results in the finding of ML of more than one species. According to a
Danish study in foxes, T. nativa dominated in mixed infection with T. spiralis; 64% of the
intestinal worms and 78 % of the ML were T. nativa (Webster and Kapel, 2005).

In Finland, the Trichinella prevalence in wildlife is very high, particularly in lynxes (Oksanen
et al., 1998; Oivanen et al., 2002a), raccoon dogs, red foxes and other carnivores (Freeman,
1964; Hirvela-Koski et al., 1985; Oivanen et al., 2002a). In certain areas, the prevalence was
even 70% in lynxes, 62% in red foxes, and 46% in raccoon dogs (Oivanen et al., 2002a). The
prevalence of Trichinella infection is higher in southern Finland than in northern Finland.
One explanation for this is the role of raccoon dogs as a reservoir of Trichinella spp.
(Oksanen et al., 1998); in southern Finland, the number of raccoon dogs is higher. In addition,
the prevalence of Trichinella has increased in Finland at the same time as the number of
raccoon dogs, during the 1960s and 1970s (Helle, 1991). In an experimental infection, the
raccoon dog has also been showed to be highly receptive to Trichinella (Nareaho et al., 2000).
In addition, it is the only host species in Finland that has been infected with all of the four
Trichinella species existing in Finland (Oivanen et al., 2002a). Another factor in the higher
Trichinella prevalence in southern Finland is that the density of possible hosts is, in general,
much higher in the south than in the north.

2.2.4. Trichinella infection in humans

All recognized Trichinella species and genotypes can infect humans. However, the
pathogenicity of T. spiralis in humans is higher than other Trichinella species because of the
more intense NBL production (Pozio et al., 1992b) and the stronger immune reaction they
induce in humans (Pozio et al., 1993; Bruschi et al., 1999). The lowest infection dose for
humans is not known. It has been estimated that from 100 to 300 T. spiralis larvae can cause
symptoms and from 1000 to 3000 larvae can cause severe disease (Dupoy-Camet and Bruschi,
2007). However, as Gottstein et al. (2009) pointed out, these estimations are not based on
scientific data.

The estimated incidence of Trichinella infections in humans worldwide is about 10,000 cases
per year, with an approximated mortality rate of 0-0.2% (Ranque et al., 2000; Dupouy-Camet
et al., 2002; Pozio, 2007; Khumjui et al., 2008; Dupouy-Camet et al., 2009; Murrell and
Pozio, 2011; Hall et al., 2012). Obviously, mortality varies depending on infection dose and
possibility of supportive therapy. However, because the symptoms of trichinellosis are non-
pathognomonic and, in many areas, the local doctors are not familiar with this disease and its
diagnostics, the incidence of trichinellosis is underreported in many countries.

The risk of trichinellosis is increased in areas where uninspected meat of different animal
origins is eaten raw or undercooked. For example, in Finland, where susceptible production
animals are under meat inspection and meat is usually eaten well cooked, trichinellosis in
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humans is very rare even though Trichinella spp. prevalence in wild animals is high (Pozio,
1998). The last reported human case in Finland was diagnosed in 1977; three men were
infected by Trichinella after eating bear meat (Salmi, 1978). Usually, the source of human
trichinellosis worldwide is the domestic pig, but in Europe, infection is mainly acquired from
horse or wild boar meat (Dupouy-Camet, 2000; Murrell and Pozio, 2011).

2.3. Host’s response to Trichinella infection

The host’s response to Trichinella infection is dependent on the host species, Trichinella
species, and also the infection dose (Wakelin and Goyal, 1996). Different combinations are
not absolutely comparable but the main features are similar. In addition, the antigens of
different developmental stages are not similar. This means that different amounts of various
antigens are released in different tissues of the body. This has been thought to be one reason
for the survival of larvae in the host (Ortega-Pierres et al., 1996).

2.3.1. Enteral phase

As in many gastrointestinal (GI) disorders and parasite infections, in Trichinella infection, the
noticeable features are changes in Gl physiology. The amounts of fluid in the gut lumen and
muscle contractility in the intestinal wall are increased (McDermott et al., 2003; Madden et
al., 2004). In addition, studies in mice and rats have demonstrated that T. spiralis infection
induces goblet cell hyperplasia and increases mucin secretion (Vermillion and Collins, 1988;
Vallance et al., 1997; Khan et al., 2001; Khan and Collins, 2006; Franssen et al., 2011).

When Trichinella worms enter the intestine and penetrate epithelial cells, they induce an
inflammation in the intestinal mucosa and activate the Thl type immune response. A Th2
type immune response dominates later when the production of NBL has started and is
responsible for the parasite’s expulsion (Ishikawa et al., 1998). Thus, the immune response of
the host during the intestinal phase of Trichinella infection is mixed Thl/Th2, but
predominantly the Th2 type. Thl is dominant in the beginning and Th2 later, after the
reproduction of the worms has started (Ishikawa et al., 1998).

Parasite-specific T cells are produced during the first 2-4 days of infection (Korenaga et al.,
1989). It is known that T cells mediate the host’s response to T. spiralis infection (Wakelin
and Wilson, 1979; Grencis et al., 1985; Bell et al., 1987; Korenaga et al., 1989; Ramaswamy
et al., 1994). They produce mucosal cytokines that affect almost all intestinal changes during
the Trichinella infection. These cytokines are, for example, interleukin 4 (IL-4) and IL-13,
which act via the signal transducer and activator of transcription factor 6 (Stat6) (Urban et al.,
2000; Kamal et al., 2001; Helmby and Grencis, 2002; McDermott et al., 2005), and IL-5. The
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activation of immune cells, especially T- cells, causes the above-mentioned changes, as well
as increases in muscle function and intestinal mucin production (Marzio et al., 1990;
Ishikawa et al., 1997).

The increased muscle function assists in expulsion of the worm from the gut (Vermillion and
Collins, 1988; Vallance et al., 1997) and has been reported following nematode infection
(Collins, 1996). The size and number of smooth muscle cells are also increased. It has been
noticed in Trichinella-infected rats that muscle contractility is increased in the jejunum but
reduced in the ileum (Marzio et al., 1990). This probably stimulates the propulsion of worms
in the lumen.

Luminal epithelial cells in the intestinal wall are the first cells in host defense Trichinella
worms deal with. One of the four types of epithelial cells is the goblet cell, which both grows
in size and increases in number after the entry of Trichinella worms into the intestine
(Garside et al., 1992). Goblet cells secrete mucins that are macromolecular components of
mucus. Mucus protects the intestinal mucosa from, for example, dehydration and mechanical
damage. It also provides a physical barrier between the intestinal epithelium and intestinal
contents (Miller, 1987). Mucus has an important role also in host defense against Trichinella;
it catches the worms and prevents their attachment to the intestinal epithelium (Appleton and
McGregor, 1984; Bell et al., 1984). It also inhibits the motility and feeding of parasites
(Miller, 1987). The second epithelial cell type, Paneth cells, is also reported to increase
during Trichinella infection (Kamal et al., 2001). They most likely have a role in innate
immunity.

In addition to goblet cell hyperplasia in the intestinal epithelium, T cells also regulate
mucosal mast cell (MMC) hyperplasia and activation. The number of intraepithelial MMCs is
highest approximately 14 days after the infection, when the adult worms are expelled from
the intestine. After eight weeks, the MMC frequency returns to normal levels (Friend et al.,
1996; Friend et al., 1998; Knight et al., 2004). According to mouse studies, MMC hyperplasia
is necessary for the expulsion of adult T. spiralis worms from the intestine (Ha et al., 1983).
Mast cells release their granule contents after activation and one function of these enzymes
probably is to make the passage of antibodies easier by increasing gut permeability
(Scudamore et al., 1995; Miller, 1996; Scudamore et al., 1998). Mast cells also have an
important role in rapid expulsion, which is a phenomenon in rats. It has been noticed that 90—
99% of T. spiralis first-stage larvae are expelled from the intestine during secondary infection
if there is mastocytosis in the intestine during a primary infection (Bell, 1998).

Nematode infections in the intestine cause an inflammation that makes the intestinal
environment hostile to the parasite and facilitates worm expulsion (Bell, 1998). In nematode
infections, the inflammation is sustained mainly by eosinophils and, in Trichinella infection,
the eosinophilia is coincident with the arrival of NBL in muscle tissue (Fabre et al., 2009b).
Blood and tissue eosinophilia is regulated by Th2 cells that produce, for example, IL-5
(Coffman et al., 1989). IL-5 increases both the production and differentiation of eosinophils
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in the bone marrow and also reduces the apoptosis of these cells (Gon et al., 1997; Bruschi et
al., 2008). It has been thought that IL-5 also increases the contractility of intestinal muscle
cells during Trichinella infection. This effect is probably indirect, via an increased number of
eosinophils and the release of mediators like leukotrienes and other products of arachidonic
acid metabolism (Vallance et al., 1999). The role of eosinophils is controversial; they induce
tissue damage in the host but it is not known if they are also protective against Trichinella or
not (Bruschi et al., 2008). When eosinophil-ablated mice were infected with T. spiralis,
Trichuris muris, or Schistosoma mansoni, it did not successfully reveal the importance of
eosinophils in the clearance of intestinal worms (Swartz et al., 2006; Fabre et al., 2009b;
Svensson et al.,, 2011). Recently, it has been suggested that eosinophils regulate local
immunity by stimulating the accumulation of Th2 cells and also by inhibiting the induction of
inducible nitric oxide synthase (iINOS) in macrophages and neutrophils. Thus, eosinophils
possibly support the growth and survival of the T. spiralis nematode (Gebreselassie et al.,
2012).

The host’s response against Trichinella at the intestinal level is seen histologically.
Trichinella infection causes architectural changes in the small intestine, for example, villus
atrophy and crypt hyperplasia (Garside et al., 1992). In addition to the increased number of
goblet cells and MMCs, intestinal samples taken from rats showed increased infiltration of
inflammatory cells, mainly eosinophils in the intestinal mucosa. In addition, the villi were
fused and contained small hemorrhages. The changes were most prominent in the duodenum
on day eight p.i. (Franssen et al., 2011).

2.3.2. Parenteral phase

When the NBL leave the small intestine, enter the circulation, and disseminate throughout the
host, the parenteral phase of the life cycle of Trichinella begins. The host’s response during
the parenteral phase has not been studied as much as the response during the enteral phase, so
the knowledge is not so detailed. The fine mechanisms of the myositis during Trichinella
infection has begun to be clarified only recently, and researchers have mainly focused on
infections caused by T. spiralis and T. pseudospiralis.

The enteral and parenteral phases are not separate and also overlap in time; the
immunological modification of the intestinal phase also influences the following muscular
phase. Interestingly, in per orally (p.o.) infected animals, the inflammation in muscle tissue is
higher compared with animals infected by intravenous (i.v.) injection of NBL (Fabre et al.,
2009a; Fabre et al., 2009b). This means that the host’s response during muscular infection is
partly regulated by the intestinal phase of infection.

When larvae reach muscle tissue, they initiate changes in the muscle cell that result in the
formation of a nurse cell and induce an inflammation (myositis) around the nurse cell. The
inflammation is not able to eliminate the parasite but causes the typical clinical signs of
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Trichinella infection. This process is slightly different in different Trichinella species; for
example, in T. pseudospiralis-infected mice, it is more diffuse and prolonged than in T.
spiralis-infected ones (Boonmars et al., 2005). The reason for this difference is not
understood. In addition, in raccoon dogs infected with T. nativa, the capsule of the nurse cell
was thicker and the inflammatory reaction around it more intense than in the ones infected
with T. spiralis (Sukura et al., 2002). Recently, using image analysis, it has been confirmed
that the inflammatory reaction induced by non-encapsulated species (T. pseudospiralis) is
lower than encapsulated species (T. spiralis and T. britovi), and T. spiralis induces a higher
inflammatory reaction compared with T. britovi (Bruschi et al., 2009). Trichinella nativa was
not included in that study.

It is known that T cells regulate the inflammation in muscle tissue and induce a mixed
cytokine response (IL-4, IL-5, IL-10, IL-13, and interferon gamma (IFN-y) (Li and Ko, 2001,
Morales et al., 2002; Beiting et al., 2006; Beiting et al., 2007). IL-10 is an influential
regulator and limits the inflammation during the acute phase of the muscle infection. In the
chronic phase, the Th2 response is induced and protects the infectious form of Trichinella
parasite.

The local inflammatory response around the T. spiralis nurse cell is limited (Beiting et al.,
2004). There is an infiltrate rich in macrophages (Karmanska et al., 1997b; Beiting et al.,
2004), which is also seen in the cytoplasm of the nurse cell (Karmanska et al., 1997a). In
addition to macrophages, CD4+ T cells, some CD8+ T cells, and rare B lymphocytes are seen
in the infiltrate (Beiting et al., 2004).

2.3.3. Humoral response

All stages of Trichinella can activate the humoral response of the host but studies have
focused mostly on the ML stage. There are three origins of antigens that can initiate the
humoral response: cuticular antigens that are components of the worm cuticle,
excretory/secretory (ES) antigens that are proteins produced by larvae, and somatic antigens
that are internal structures, mainly somatic cell membranes (Crandall and Crandall, 1972;
Dea-Ayuela and Bolas-Fernandez, 1999). The humoral response of the host can be
detectedby using, for example, enzyme-linked immunosorbent assay (ELISA) and Western
blotting.

The antibody response and the time point of seroconversion have been observed to be dose-
dependent in many host species, like rats, swine, horses, and foxes (Mgller et al., 2005;
Nockler et al., 2005; Hill et al., 2007b; Franssen et al., 2011). However, antibody levels
cannot be used to calculate the exact larvae per gram (Ipg) values in muscle tissue, because
the increase in specific antibodies is not proportional to ML doses (Salinas-Tobon Mdel et al.,
2007). In addition, the antibody response also depends on the animal and Trichinella species
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(Tomasovicova et al., 1991; Serrano et al., 1992; Soule et al., 1993; Reina et al., 1996; Mgaller
et al., 2005; Franssen et al., 2011).

Circulating antigens are detected in the plasma or urine early during T. spiralis infection; in
mice, this is as early as five or six days p.i. (Machnicka et al., 2001; Kolodziej-Sobocinska et
al., 2006). Th2 activation during Trichinella infection induces an increase in host serum
antibodies. These immunoglobulins (IgG, IgM, IgA, and IgE) recognize stage-specific
antigens of Trichinella and participate in host defense by reducing worm fecundity and
killing NBL (Appleton and Usack, 1993). Part of the antigens and antibodies are bound
together and form immune complexes. When Trichinella has reached muscle tissue, the
antigens and immune complexes are not detected any more, but specific antibodies remain in
the host blood for a very long time. In mice, antibodies have been detected until seven
months p.i. (Kolodziej-Sobocinska et al., 2006) and for several years in humans (Feldmeier et
al., 1987; Bruschi et al., 1990; Bruschi et al., 2005). Specific antibodies can usually be
identified starting from two or three weeks p.i.

2.4. Trichinella infection

2.4.1. Clinical signs

Clinical signs are best described in humans, being unspecific and related to the parasite cycle
in the host. The infection dose determines the severity of the disease (Schmitt et al., 1978). In
addition, the Trichinella species, host immunity, and general health all affect the severity of
the disease (Kim, 1991; Murrell and Bruschi, 1994).

The first symptoms during the enteral phase of trichinellosis are usually general discomfort,
headache, fever, and sometimes also abdominal pain and diarrhea (Murrell and Bruschi,
1994), resulting mainly from mucosal invasion of the ingested larvae. Usually, these
symptoms are present during the first week of infection and are gradually abated after that. It
is known also that immune complexes in the vascular system are associated with the
symptoms of trichinellosis at the beginning of the infection (Feldmeier et al., 1987).

During the parenteral phase (from week two to week six p.i.), when the larvae invade skeletal
muscle cells, damaging the cells, the symptoms are associated with inflammatory and allergic
responses of the host (Capo and Despommier, 1996). For example, myalgia, paralysis, and
periorbital or facial edema are seen (Ancelle et al., 1985; Ancelle et al., 1998). Possible
complications such as encephalitis or myocarditis are usually seen within the first two weeks.
Death is rare; in 1988, Ancelle et al. (1985) reported only five deaths in the past 25 years of
the over 6500 infections in Europe.
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When adult Trichinella worms stop releasing NBL and the larvae in muscle cells have
completed their development, the convalescent phase of trichinellosis begins. This means that
the signs of the disease have disappeared and the laboratory parameters return to normal
levels. Generally, this stage initiates between the sixth and eighth weeks p.i. (Dupouy-Camet
etal., 2002) .

There are slightly different patterns in the disease caused by different Trichinella species.
Symptoms relating to T. nativa infection are most prominent during the enteral phase. In
addition, the symptoms begin later than with T. spiralis infection. Interestingly, even though
T. nativa can cause the death of an individual, it usually causes almost no symptoms during
the parenteral phase (Pozio et al., 1992b; Murrell and Bruschi, 1994).

Usually, Trichinella spp. cause clinical signs in natural host animals only when the infection
dose is very large (Bruschi and Murrell, 2002). Clinical signs, when present, are similar to
those in human infections including Gl signs, weakness, and muscle stiffness (Bowman et al.,
1993).

2.4.2. Diagnosis

Early diagnosis of trichinellosis is difficult because there are no pathognomonic signs or
symptoms. In particular, during the enteral phase, the symptoms are easily misdiagnosed, for
example, as bacterial or viral food poisoning.

The most frequently observed but unspecific laboratory findings in human patients are
increased eosinophilia and leukocytosis in the blood sample, and increased levels of creatine
phosphokinase (CPK) and other muscle enzymes (lactate dehydrogenase and aldolase) in the
serum (Gould, 1970; Capo et al., 1998; Dupouy-Camet et al., 2002). Eosinophilia appears
even before the clinical signs and symptoms and can remain for up to three months. The
number of eosinophils correlates with the degree of myalgia (Ferraccioli et al., 1988).
Leucocytosis also appears early in Trichinella infection and diminishes simultaneously with
clinical signs and symptoms (Capo and Despommier, 1996). The level of muscle enzymes is
increased in 75-90% of infected people. The increase occurs between the second and fifth
weeks of infection and may stay high for over four months (Capo and Despommier, 1996;
Jongwutiwes et al., 1998). A correlation between the intensity of muscular pain and increased
CPK has been found (Ferraccioli et al., 1988).

The diagnosis can be confirmed by detection of the specific circulating antibodies. In animals,
the antibodies can be tested in the serum or in the meat juice upon ante- or postmortem
examination (Kapel et al., 1998; Mgller et al., 2005). The seroconversion usually occurs from
three to five weeks p.i. After the clinical symptoms have disappeared, the serum can still
remain positive for over one year (Kozar and Kozar, 1968). However, antibody levels do not
show a relationship with the severity of clinical disease (Boczon et al., 1981).
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Muscle biopsy is recommended especially when serology is unclear. It should be taken from
the predilection sites of Trichinella spp. to increase the sensitivity of the method. With
muscle biopsy, the diagnosis can be confirmed but a negative result cannot rule out low-level
infection (Murrell and Bruschi, 1994). The biopsy sample can be examined histologically or
through artificial digestion. Especially in human infections, it is important to identify the
source of Trichinella infection. Thus, other individuals exposed to Trichinella infection can
be found and treatment can be started as soon as possible. In addition, when Trichinella-
infected meat is identified, actions can be taken to prevent more infections. To improve the
knowledge on the occurrence of Trichinella spp., all infections should be identified to the
species or genotype level using molecular technique.

2.4.3. Treatment

In trichinellosis, the goal of treatment is to limit muscle invasion of Trichinella larvae and to
reduce muscle damage and general symptoms (Bruschi and Murrell, 2002). The drug of
choice would be effective against all developmental stages of Trichinella but unfortunately,
that kind of drug does not exist. According to present knowledge, the best choice in the
treatment of trichinellosis is the antihelminthics mebendazole and albendazole (Watt et al.,
2000) and glucocorticosteroids (prednisone) (Shimoni et al., 2007). However, in the literature,
there are no data that have been acquired by well-conducted case-control studies.

Antihelminthics are effective in the Gl stages of the parasite but the efficacy against ML is
dependent on the time between infection and treatment. When the treatment is delayed, the
larvae have time to reach muscle tissue and develop a collagen capsule, which makes the
larvae resistant to drugs (Pozio et al., 2001; Dupouy-Camet et al., 2002). Thus, to eliminate
the infection, antihelminthics must be used in less than one week after infection, at the stage
of Gl invasion. However, because the diagnosis of trichinellosis is challenging, this is rarely
possible.

The penetration of larvae into tissue causes cell damage and inflammation;
glucocorticosteroids are used to relieve the side effects of inflammation (Dupouy-Camet et al.,
2002). Because glucocorticosteroids can delay the expulsion of Trichinella from the intestine,
they must always be used in combination with antihelminthics (Dupouy-Camet et al., 2002).

In general, medical treatment is used only in human patients; animals are rarely treated for
trichinellosis.
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3. AIMS OF THE STUDY

The aims of this thesis were as follows:

1. To reveal the epidemiological role of T. nativa in boreal environment. (1)
2. To describe the unusual clinical manifestation of T. nativa in a domestic cat. (I1)

3. To compare host responses induced by T. nativa and T. spiralis in a selective host. (I,
V)
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4. MATERIALS AND METHODS

4.1. Epidemiological studies/natural infection

4.1.1. Sylvatic samples (1)

The samples in the epidemiological study (I) were carcasses of carnivorous animals that were
caught by volunteer hunters in Finland in 1999-2005. The hunters sent the animals for
investigation to the Finnish Food Safety Authority (Evira) or to the Department of Veterinary
Biosciences, Faculty of Veterinary Medicine, University of Helsinki, Finland. Lynx samples
were collected by the Finnish Game and Fisheries Research Institute. There were, in total,
2483 samples from nine animal species including 1010 red foxes (Vulpes vulpes), 662
raccoon dogs (Nyctereutes procyonoides), 402 lynxes (Felis lynx), 125 brown bears (Ursus
arctos), 102 wolves (Canis lupus), 75 pine martens (Martes martes), 53 badgers (Meles
meles), 31 otters (Lutra lutra), and 23 American minks (Mustela vision). Samples were
received from all national game management districts (GMDs) in Finland, except the
archipelago between Sweden and Finland.

4.1.2. Natural infection in a domestic cat (1)

In Study II, the case was an eight-year-old, neutered Domestic Shorthair cat. The cat had a
nonhealing ulcer on the skin below the left lower eyelid. The skin lesion was excised and sent
for histopathological examination, where one Trichinella sp. larva was found in the middle of
an inflammatory granulation tissue.

4.2. Experimental studies (111, 1V)

The animal experiments in studies Il and IV were approved by the appropriate authority
(license numbers ESAVI-2010-05072/Ym-23 [I11] and 17.11.2005 [1V]).
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4.2.1. Trichinella spiralis and Trichinella nativa

The Trichinella strains used in experimental infections (Il, 1V) were maintained and
passaged in mice. The T. spiralis strain was originally from a Finnish pig and the T. nativa
strain was from a Finnish raccoon dog.

4.2.2. Experimental animals

In both experimental infections (I1l, 1V), the mice and rats were obtained from Harlan
Netherlands (Horst, the Netherlands). The mice were female and of NMRI outbred strain and
the rats were male and of Wistar strain. The animals were kept at Evira under standard
conditions and fed a standard laboratory mouse and rat diet. The food and fresh water were
provided ad libitum. The condition of the animals was followed daily and the rats were
weighed weekly. During study IV, the rats were housed under artificial illumination with a
reversed light cycle of 12 h.

Trichinella-infected mice were used as a source of infective larvae (111, 1V). Trichinella
females for NBL production were also collected from mice (I11).

Rats were infected with T. spiralis (ISS559) and T. nativa (ISS558) in studies 11l and IV. In
study 11, the rats were divided into two groups, p.o. infection and i.v. infection. At the time
of infection, p.o. infected rats were nine weeks old and weighed between 248 and 297 g. Six
rats were infected with T. spiralis, six with T. nativa, and three served as the uninfected
control group. Six weeks after the infection, the rats were euthanized and the infection
intensity (Ipg) was determined.

In the i.v. infection group, six rats were infected with T. spiralis and six with T. nativa
through the tail vein (I11). The ages of the rats varied between 11 and 13 weeks and the
weights varied between 293 and 351 g at the time of infection. Lv. infected rats were
euthanized five weeks after infection and the Ipg was counted.

Rats, as well as mice, were also used as a source of Trichinella females for the NBL
production experiment (I11). Those rats were infected p.o. and euthanized on day six p.i.

In the microarray study (IV), the rats were four months old and weighed approximately 400 g
at the time of infection. The rats were infected p.o., six with T. spiralis, six with T. nativa,
and three served as controls; thus, altogether 15 rats were studied. Five days after the
infection, the rats were euthanized and samples were collected from their intestine.

Serum samples were taken from rats before the infection and at two weeks p.i. from the tail
vein (l11) and at the time of euthanasia, by cardiac puncture (I1, 1V).
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7.2.2.1. Anesthesia and euthanasia

Before anesthesia, the rats were always fasted overnight in both experimental studies. In
study I11, the rats were anesthetized before Trichinella NBLs were injected into their tail vein.
Anesthesia was induced by subcutaneous injection of fentanyl, 0.06 mg/kg, and fluanisone,
0.2 mg/kg (Hypnorm [0.2 ml/kg], Jansen, Oxford, UK). The anesthesia was terminated using
0.01 mg/kg naloxone (Naloxon B. Braun, B. Braun Melsungen AG, Melsungen, Germany)
s.C.

In study 1V, the samples were taken under terminal anesthesia, which was induced with 500
pg/kg medetomidine hydrochloride (Domitor, Orion Corporation, Espoo, Finland) and 25
mg/kg ketamine hydrochloride (Ketalar, Pfizer, Kent, UK) s.c.

All rats were euthanized with CO, under anesthesia, which was induced by fentanyl, 0.1
mg/kg, and fluanisone, 4 mg/kg (Hypnorm 0.4 ml/kg) in study Il and in study IV, as
described above.

4.2.3. Per oral infection

The rats were infected p.o. by serving Trichinella spp. in minced mouse meat (I, 1V). First,
Trichinella-infected mice were euthanized, skinned, and eviscerated, and the tail and distal
limbs were removed. Then a homogenous mass of the meat was made with a standard kitchen
blender. The infection intensity of the mouse meat (Ipg) was counted (Gamble et al., 2000)
and a sufficient amount of meat to achieve an infection dose of 2000 larvae/rat was given to
the rats.

4.2 4. Intravenous infection

In study Ill, the infection doses of Trichinella NBL were injected into rats’ tail vein under
general anesthesia in order to bypass the enteral phase of Trichinella infection and to
calculate the percentage of the NBL injected i.v. that reached muscle tissue. Due to technical
reasons, the infection doses varied from 4550 to 4960 NBL, which was taken into
consideration when the results were analyzed. In order to produce the infection doses, the rats
were infected p.o. with 2000 ML and euthanized on day six p.i. Adult Trichinella females
were collected for NBL production from the small intestine of the rats and cultured for two
days in a 96-well plate in Dulbecco’s modified Eagle’s medium at 10% CO, and 37°C in a
humid environment (Marti and Murrell 1986). The number of NBL in the infection dose was
approximated by counting the mean production of NBL (NBL/%) from the reproduction of 20
Trichinella females during two days. The target infection dose was 5000 NBL, so the number
of females needed to obtain that number of NBL was calculated and the corresponding
number of cultured wells, each containing one Trichinella female, was emptied. The females
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were then removed from the infection dose. Before injection into the bloodstream, the
infection doses were washed with saline to eliminate medium residues.

4.2.5. Newborn larvae production in vitro

To study and compare the larval production of two Trichinella species, Trichinella females
were cultured in a 96-well plate, as described earlier. Every female was placed in its own well
and the number of NBL produced was counted after 24 h. To determine how the host of
origin influences the reproductivity of Trichinella, the females were collected from both rats
and mice on day five p.i.

4.3. Artificial digestion

To assess the infection intensities (I11, 1V) of the infected animals and to identify Trichinella
spp. larvae (I, I1), artificial digestion of muscle tissue was performed with a magnetic stirrer
method (Gamble et al., 2000). In p.o. infected rats and mice, a total of 1 g sample of the well-
mixed meat was digested (I1I, 1V) and in i.v. infected rats, the amount of meat digested was
100 g. In the epidemiological study (I), 10 g samples were taken from predilection sites of
Trichinella in carnivores, e.g. the diaphragm, masticatory muscles, or forelimbs (Hermansson
1943; Kapel et al., 1994, 1995; Mikkonen et al., 2001) (I). For Trichinella species
identification, the larvae from positive samples were collected and stored in 70% ethanol at
-20°C or in 99% ethanol at 4°C (1). In study II, the digestion method was modified for small
samples and the 0.13 g muscle biopsy sample was digested in 1 ml volume for 40 min at
50°C, with vigorous shaking in a vortex mixer every five min to isolate Trichinella larvae in
the specimen.

Artificial digestion was performed at either Evira (I) or the Department of Veterinary
Biosciences, Faculty of Veterinary Medicine, University of Helsinki, Finland (1, 11, Ill, and
V).

4.4. DNA isolation and multiplex polymerase chain reaction

In study I, 3-10 Trichinella larvae stored in 70% ethanol were rehydrated in a decreasing
ethanol series (70%, 50%, 30%, 10%, 5%, and MilliQ-water [Millipore, Billerica,
Massachusetts, USA]). Larval DNA for species detection was isolated from two pools of the
larvae from each host animal (I). In total, 328 larval isolates were identified using multiplex
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polymerase chain reaction (PCR) according to a previously published protocol (Zarlenga et
al., 1999) with slight modifications. In study Il, the multiplex PCR was applied to identify the
one larva in the biopsy specimen.

4.5. Serological methods

4.5.1. Enzyme-linked immunosorbent assay

ELISA was used in studies Il and 11l to determine anti-Trichinella 1gG antibodies. Microtiter
plate wells were coated with crude larval homogenate of T. spiralis or T. nativa (Il), or ES
protein of T. spiralis (II, 11) (provided by the Witold Stefanski Institute of Parasitology,
Warsaw, Poland). The secondary antibody was a horseradish peroxidase-conjugated goat
anti-feline IgG (I1) or horseradish peroxidase (HRP)-labeled goat anti-rat 1gG (II1). Serum
samples from raccoon dogs infected with T. spiralis or T. nativa with HRP-labeled goat anti-
dog IgG (Il) as a secondary antibody were used as positive controls and the sera from a
young kitten and an uninfected raccoon dog served as negative controls (II). In study IlI,
negative controls were sera from uninfected control rats; two negative controls were placed in
each plate. Absorbance was measured at a wavelength of 450 nm.

4.5.2 Western blotting

In study 11, the Western blot technique was performed to confirm the specificity of the cat
antibodies towards Trichinella spp. The antigens used were crude extracts of T. spiralis, T.
nativa, T. britovi, and Toxocara cati. Proteins from the antigen preparation were separated in
an electric field by their molecular weight using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred to a nitrocellulose membrane. The proteins
recognized by the antibodies present in the cat serum samples were visualized using an HRP-
labeled secondary antibody and diaminobenzidine (DAB) as a chromogen.

4.6. Histopathology and immunohistochemical staining

To study histopathological changes in the rat intestine during Trichinella infection, tissue
sections of the duodenum (I11, 1V), jejunum (IV), and ileum (1V) were taken immediately
after euthanasia. In study Il, the sample was a skin biopsy specimen excised from a cat,
below the left lower eyelid. All samples were fixed in 10% neutral buffered formalin,
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routinely processed to paraffin blocks, cut at 4 um, and stained with hematoxylin and eosin.
MMCs were stained using toluidine blue (111).

The immunoreaction against Trichinella spp. was assessed with immunohistochemical
staining (IHC), where sera from the case cat and control cat were applied on histological
sections (I1). The sections were muscle samples from raccoon dogs with T. spiralis and T.
nativa larvae in them. Binding of the antibodies was detected with HRP-conjugated goat anti-
feline 1gG (1:100) and DAB.

After taking the histological samples, the rat’s intestinal tissue was screened for Trichinella
worms (I11). The intestine was cut longitudinally and incubated in Dulbecco’s modified
Eagle’s medium at 37°C for 1 h and, after that, the fluid was examined with a
stereomicroscope.

4.7. RNA isolation and microarray analysis

In study IV, a whole-genome microarray was used to analyze gene expression changes in the
rat jejunum during Trichinella infection. The whole intestine was removed immediately after
the rats were euthanized. The jejunum was opened and scrape samples from jejunal mucosa
were collected with a scalpel, frozen in liquid nitrogen, and stored at -80°C. The purpose of
the scrape samples was to harvest the most affected mucosa, excluding the outer submucosal
and muscular layers.

Before RNA isolation, the frozen scrape samples were quickly homogenized. Total RNA was
isolated according to the GenElute™ Mammalian Total RNA kit instructions (Sigma-Aldrich,
MO, USA) and the samples were quantified by ultraviolet spectrophotometry. The Agilent
2100 Bioanalyzer (Agilent Technologies Santa Clara, CA, USA) was used to assess RNA
integrity. Isolated RNA was stored at -80°C until further analyses.

The raw data from “Rat Genome 230 2.0 Arrays” were extracted with the default parameter
settings and data analysis was accomplished with the Anduril framework (Ovaska et al.,
2010). Plier (Affymetrix Inc., Santa Clara, California, USA) normalization was used to
normalize the expression values and the probes were re-annotated to Ensembl (Flicek et al.,
2012) gene identifiers using a custom CDF file (Dai et al., 2005) for Rat Genome 230 2.0
Array.

Genes were considered differentially expressed when they had at least a fold change of two in
either direction and a False Discovery Rate (FDR) < 0.001 when comparing all Trichinella-
infected animals with the controls. A fold change limit of two and FDR < 0.05 were used for
T. spiralis vs. control and T. nativa vs. control comparisons to show differential expression.
Fold change was calculated by taking the median expression value in the Trichinella and
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control groups and calculating the ratio between the groups. Differential expression between
the groups was tested using a t-test and the FDR multiple hypothesis correlation method
(Benjamini and Hochberg, 1995) was used to correct the p-values to reduce the number of
false positives.

The differentially expressed genes (DEGs) were annotated with the corresponding Gene
Ontology (GO) terms using the Ensembl database to interpret the list of genes. The enriched
GO terms in DEGs compared with the genome-wide reference set were computed. Fisher’s
exact test was used to perform GO enrichment analysis and the FDR was used to adjust all p-
values. The set of DEGs was also clustered founded on their GO annotations to find genes
that have GO terms alike (Ovaska et al., 2008).

Signaling Pathway Impact Analysis (SPIA) was used to conduct a pathway analysis for
DEGs to recognize signaling pathways that were affected by the changes in gene expression
(Tarca et al., 2009). The Ensembl database, version 68, was used to convert the Ensembl gene
identifiers to Entrez gene identifiers. By taking the median, given that the median absolute
deviation (MAD) of the expression values was less than or equal to one, expression values of
the Ensemble gene identifiers mapping to the same Entrez gene identifier were conjoined.

4.8. Statistical analyses

All statistical analyses in study | were conducted with the analytical software package SPSS
16.0 for Windows (SPSS Inc., Chigaco, Illinois, USA). Pearson chi-square tests were used
for cross-tabulated data. Associations between the variables were analyzed using Spearman’s
rho correlation test or a binary logistic regression procedure. Multivariate linear regression
analysis was used to analyze the role of different variables in the infection density of hosts. In
a single host species, the parasite burden (Ipg) of different Trichinella species was compared
using one-way analysis of variance (ANOVA).

Nonparametric matched pairs Wilcoxon test was used to compare Trichinella antibody levels
from a 2-week time point to termination and two-sample Wilcoxon test was used to compare
differences at each time point between species within infection routes (Il1). Two-sample
Wilcoxon test was also used to test the difference between infection rates after i.v. T. spiralis
and T. nativa infection, and the means and 95% confidence intervals (Cls) of infection rate,
calculated with logit-transformed original data. The number of larvae Trichinella females
produced in vitro was analyzed with pairwise t-tests with nonpooled standard deviation (SD)
and Holm p-value adjustment. Larval production, infection rate, and antibody analyses were
performed using the R 2.14.1 program (R Foundation for Statistical Computing, Vienna,
Austria). The random effects model using the STATA 12.1 statistical package (StataCorp LP,
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College Station, TX, USA) was used to evaluate weight changes over time after p.o. infection
with T. spiralis and T. nativa.

In study IV, hematological values were evaluated by one-way ANOVA (PASW Statistics 18)
followed by multiple comparisons between the groups with the Bonferroni post-hoc test.

32



5. RESULTS

5.1. Sylvatic Trichinella species in Finland (1)

5.1.1. Distribution in the country

Altogether, 617 animals (24.8%) of the 2483 examined animals were Trichinella-positive.
The GMDs were used to analyze the distribution of Trichinella prevalence in Finland. The
country is divided to 15 game administrative units, forming GMDs. The geographical
distribution of Trichinella spp. varied; the prevalence of Trichinella infection was
significantly higher in southern Finland than in the northern part of the country.

Molecular identification by multiplex PCR was performed for 328 larval isolates and 303 of
them yielded a specific reaction. Four endemic Trichinella species were identified: T. spiralis,
T. nativa, T. britovi, and T. pseudospiralis. The most prevalent Trichinella species was T.
nativa (80.1%), followed by T. spiralis (12.8%), T. britovi (6.0%), and T. pseudospiralis
(1.1%). In southern Finland, all four Trichinella species were found, but in northern Finland,
only T. spiralis and T. nativa were present (Fig. 1).
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Figure 1. Distribution of different Trichinella species in Finland.
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Most of the infections were single infections (93%); mixed infections were found in 7% of
infected animals. In mixed infection, all possible two-species combinations were found; the
most common one was T. nativa with T. britovi (41%). Mixed infections existed in four
animal species: raccoon dog, red fox, lynx, and wolf.

5.1.2. Prevalence in different hosts

The prevalence varied from 0% to 46% in different host species. In lynx, the prevalence of
Trichinella infection was 46%, followed by wolves (39%), raccoon dogs (28%), and red
foxes (19%). In pine martens, badgers, bears, and otters, the prevalence was less than 10%

(Fig. 2).
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lynx

bear
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Figure 2. Sample size with positive and negative results in different host species.

The prevalence in different and also in the same host species varied a lot between GMDs; for
example, from 0 to 62% in red fox and from 8 to 80% in raccoon dog. In addition, the
prevalence also varied within each GMDs. Thus, Trichinella spp. are not equally distributed
in the country. In all host species, the prevalence was higher in southern Finland; the three
northernmost GMDs had a Trichinella infection prevalence of only 6% (Fig. 3).

35



Prevalence

a0 %
2“* E
0% T - T

Morthemn Middle Southem

Figure 3. Finland divided to three vegetation zones shows a clear tendency of increasing Trichinella prevalence
from north to south in five host species; A) red fox, B) raccoon dog, C) wolf, D) brown bear, and E) lynx.

Original illustration: Jani Pellikka (unpublished).
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Different Trichinella species were also unevenly spread in the different host species. In the
lynx, red fox, and raccoon dog, all four Trichinella species were found. In all host species, T.
nativa was the most common species; it was found in 74% of the positive samples when both
single and mixed infections are taken into account. T. spiralis was the next prevalent (12%),
followed by T. britovi (6%) and T. pseudospiralis (1%). T. nativa was found in four of the
five Trichinella-positive bears. Interestingly, T. britovi was found more often in the lynx than
other Trichinella species and T. spiralis infection was three times more likely in the raccoon
dog than in the lynx (Fig. 4).

Bear
Wolf |.-.- | |

i ET. spiralis
Lynx | I @ T. nativa

. mT. britovi

Raccoon dog | I W T. pseudospiralis
Red fox :':':'| |
I ——
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Figure 4. Distribution of different Trichinella species in different host species.
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5.1.3. Infection intensity

Infection intensities varied between different host species varied (Fig. 5). In addition,
different Trichinella species had different infection intensities. When the red fox, raccoon
dog, and wolf were used as a host animal, linear regression analysis showed that infection
intensity was dependent on both the Trichinella species and host species. The Trichinella
species with the highest Ipg (median 488) was T. pseudospiralis, but only three cases were
examined. The highest individual Ipg (760) was in one raccoon dog, which had mixed
infection of T. nativa and T. britovi. When the population size of the host animals, the
estimated number of infected individuals, and infection intensities are taken into
consideration, raccoon dogs and red foxes are the most important reservoirs for Trichinella
species, and especially for T. nativa, in Finland.
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Figure 5. Box and whisker blot of overall Trichinella spp. intensity (larvae per gram, Ipg) in different host
species.
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5.2. Host response

5.2.1. Clinical findings

An otherwise healthy cat had an ulcer on the skin below the left lower eyelid (I1). It had been
treated with oral antibiotic and topical treatment with no response. The ulcer was 4 mm x 7
mm in size and crusted, and the conjunctiva was hyperemic and swollen.

After the ulcer was removed, the surgical site healed well. However, during the 1-year
follow-up, the cat began to scratch the eye again. It also squinted. The previous surgical site
was alopecic and a firm, 1 cm wide, subcutaneous mass was covering the entire lower eyelid
and part of the upper eyelid. There were no findings in ophthalmoscopic and fundic
examinations. Contrast computed tomography showed that the muscular mass did not
infiltrate the bone.

The rats and mice infected with T. spiralis and T. nativa during the experiments did not have
any detectable clinical signs with the infection doses used (I11, 1VV). However, the rats that
were infected p.o. gained less weight than controls during the first two weeks after infection

dn

5.2.2. Clinical chemistry and serology

In blood samples taken from the cat when the eyelid lesion recurred (Il), serum creatine
kinase activity was increased (1689 U/I; reference interval: 60-350 U/I). Other values of
clinical chemistry were within reference ranges. Tests for Feline leukemia virus (FeLV) and
Feline immunodeficiency virus (FIV) were negative.

In rats, the white blood cell count, and the numbers of neutrophil granulocytes and
lymphocytes differed significantly between the groups infected with T. spiralis or T. nativa
(V). The number of white blood cells was higher in T. spiralis-infected rats than in T. nativa-
infected rats on day five p.i.

The antibody levels of the animals were measured with ELISA in all studies (II, 11, 1V).
ELISA gave a strong positive reaction against Trichinella spp. in the serum of the case cat
(I1). To confirm the results of ELISA, Western blotting was used. The serum of the case cat
was positive for all the Trichinella species tested and the serum of the control cat gave no
reaction (I1). Cross reaction with T. cati was excluded.

In rats, anti-Trichinella antibody levels were studied by ELISA at two weeks p.i. and at the
time of termination (after five weeks in i.v. infected rats and after six weeks in p.o. infected
rats) (I111). Two weeks after the infection, the antibodies were significantly increased in p.o.
infected animals. At the termination sampling point, compared with the two-week samples,
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the rise in antibody levels was seen in both p.o. and i.v. infected rats in both T. nativa- and T.
spiralis-infected groups. There was, however, no statistically significant difference in
antibody levels between the two Trichinella species. The antibody titers were, altogether,
higher in p.o. infected than i.v. infected rats.

5.2.3. Trichinella spp. in rat
5.2.3.1. Enteral vs. parenteral defense (11, V)

Rats were infected both p.o. and i.v. with T. nativa and T. spiralis to investigate if the defense
against T. nativa was mounted in the enteral or parenteral phase (I11). The infection intensity
after both infection routes was compared. All the values are presented here with medians for
easier comparison

The difference in infection intensity was statistically significant in both the p.o. and i.v.
infected groups between the two Trichinella species. In p.o. infected rats, the infection
intensity of T. nativa was between 3 Ipg and 62 Ipg (median, 22) and the infection intensity of
T. spiralis was between 680 Ipg and 1760 Ipg (median, 1243). In i.v. infected rats, the Ipg
values of T. nativa were between 0.08 and 1.5 (median, 0.29) and with T. spiralis, the Ipg
values were between 3.9 and 8.7 (median, 5.2). The mean infection rate (the percentage of the
NBL injected i.v. that reached muscle tissue) of T. nativa and T. spiralis was 1.7% and 20%,
respectively (p<0.05) (l11).

In study 1V, the Ipg values in rats infected p.o. with T. nativa larvae were between 0 and 2
(median, 0) and with T. spiralis larvae, the Ipg values were between 306 and 612 (median,
590).

5.2.3.1.1. In vitro larval production (1)

The number of NBL produced during 24-h cultivation on day six p.i. was compared between
T. nativa and T. spiralis females isolated from a rat or a mouse intestine. Trichinella nativa
females isolated from a mouse produced more NBL (mean, 29; 95% ClI, 26-31; p<0.05) than
those that were isolated from a rat (mean, 23; 95% ClI, 21-24; p<0.05). In contrast, T. spiralis
females isolated from a mouse released fewer NBL (mean, 57; 95% CI, 51-62; p<0.05) than
those that were isolated from a rat (mean, 70; 95% CI, 65-75; p<0.05) (Fig. 6).
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Figure 6. Mean number of newborn larvae (NBL) released during 24-h cultivation by T. spiralis and T. nativa

females isolated from a rat or a mouse intestine on day six post infection.

5.2.3.2. Intestine mucosal gene expression (1V)

There was significant variation in gene expression values in the intestinal samples of both T.
nativa- and T. spiralis-infected rats, compared with controls. However, the changes were not
statistically different between T. nativa- and T. spiralis-infected groups, so these groups were
combined into a single Trichinella group. This combined Trichinella group was then
compared with controls and 551 overexpressed and 427 underexpressed genes were revealed,
with a g-value of <0.001 and a fold change of at least two.

In GO analysis, these 978 over- or underexpressed genes clustered into 37 groups that were
enriched in numerous “biological process” ontological categories. In the pathway analysis,
seven pathways had the combined p-value of total perturbation and the number of DEGs in
the pathway (pG) below 0.05. Based on the knowledge of Trichinella infection, four of the
seven pathways showed more biological interest than others. These four pathways were
“Extracellular matrix (ECM)-receptor interaction”, “Focal adhesion”, “Complement and
coagulation cascades”, and “Amoebiasis”. The three omitted pathways were related to
nonspecific epithelial damage or stress.
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5.2.4. Histopathology and immunohistochemical staining (I, 111, 1V)

The histopathological changes were quite similar in T. spiralis and T. nativa infections and
there was also no remarkable difference in their severity between the two Trichinella species
(11, 1V). Histopathological changes on day five after Trichinella infection were most severe
in the jejunum (1V). The epithelium of the villi was vacuolated and degenerated (Fig. 7.).
There was a moderate shortening and fusion of the villi and moderate infiltration of
inflammatory cells (eosinophils, neutrophils, and lymphocytes) in the lamina propria. In
addition, mild hyperemia and hemorrhage were seen in the tip of the villi. The number of
intraepithelial lymphocytes and goblet cells was marginally increased. Pathological changes
in the duodenum and ileum were mild or absent (I1V), as in the duodenal samples taken 6 six
weeks after infection (I11).

In the biopsy sample taken from the cat (I1), one cyst containing a Trichinella sp. larva was
seen. The cyst was surrounded by a tissue reaction that consisted mainly of spindle cells that
formed interlacing bundles. The cells were fibroblasts, which had an elongated
hyperchromatic nucleus, small nucleolus, and scant eosinophilic cytoplasm. The cell
boundaries were indistinct and mitotic figures were rare. Among the spindle cells,
inflammatory cells (lymphocytes, histiocytes, plasma cells, and neutrophils) were also seen.
The epidermis covering the lesion was ulcerated.

A new biopsy sample was taken when the clinical signs recurred. In that sample, the
fibroblasts were arranged irregularly and there were moderate anisocytosis and anisokaryosis
in them. Mitotic figures were rare and some leucocytes were seen all over the lesion.

In IHC staining, the Trichinella larva and the interior of the capsule were stained strongly
positively (I1). From the biopsy taken from the biceps femoris muscle, one Trichinella larva
was isolated, which was identified as T. nativa using multiplex PCR (lI).
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Figure 7. Inflammatory changes in rat intestine on day five after Trichinella infection (A) compared to control
rats (B). Villi are fused, and there are hyperemia and hemorrhage in the tip of the villi. Number of inflammatory

cells in lamina propria is increased.
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6. DISCUSSION

6.1. Trichinella species in Finland

A large wildlife sample set showed Trichinella spp. to be common in Finland; 24.8% of all
examined wild animals were Trichinella-positive. Trichinella prevalence in Finland is
uniquely high in Europe and both domestic and sylvatic cycles exist (Pozio, 1998). One
reason for this may be the less powerful human influence on the natural ecosystem (Pozio,
1998); in southern Europe, there are, on average, 147 inhabitants per km? and in Finland,
there are 18 inhabitants per km?. When wild animals live near human habitats, their feeding
behavior is different. They prefer, for example, rubbish dumps instead of animal carcasses or
preys (Pozio, 1998). In Sweden and Norway, Trichinella spp. are found in wildlife but the
prevalence is lower. In Sweden, during the period of 1983-2003, the prevalence in carnivores
varied between 0.05% (lynx) and 16.7% (arctic fox) (Pozio et al., 2004). In Norway, 4.8% of
red foxes were positive for Trichinella (Davidson et al., 2006). In addition, domestic
trichinellosis is rare in Sweden and Norway. Denmark is regarded as a Trichinella-free
country, with no domestic cycle and a very rare sylvatic cycle; the prevalence in red foxes
was only 0.1% in 1996 (Enemark et al., 2000). In central Europe, Trichinella prevalence in
wildlife is also low. In Germany, the prevalence in raccoon dogs is 5% and in red foxes it
ranges from 0.08%-0.22% (Littman et al., 2006). In southern Europe, particularly in Spain,
trichinellosis is a public health threat; human outbreaks occur every year due to the
consumption of pork products (Rodriguez de las Parras et al., 2004). However, the prevalence
in red foxes is only 3% (Perez-Martin et al., 2000). In the European Union (EU), domestic
trichinellosis is present, besides Finland, for example in Spain, Romania and Bulgaria (Pozio,
1998; Cuperlovic et al., 2005; Blaga et al., 2009).

In Finland, Trichinella has an obvious north-to-south gradient of increasing prevalence (Fig.
1). A similar north-to-south gradient of increasing prevalence has also been recognized for
Toxoplasma gondii distribution in Finland (Jokelainen et al., 2010). In addition, a study
performed in Norway, which has a similar climate to Finland, showed the latitude
dependence of Trichinella prevalence; it was higher in red foxes in the southeastern part of
the country than in the north (Davidson et al., 2006). The more moderate climate in the
southern part of Finland also has an influence on wildlife density. Thus, one explanation for
the higher Trichinella prevalence in southern Finland is the population density of the hosts,
which is higher in the south compared with the northern part of the country. Thus, when
animals die they are more likely to be eaten by another wild scavenger carnivore before
decomposition, which facilitates the diffusion of Trichinella infection (Oivanen et al., 2002b).
In addition, road Kills increase the number of animal deaths and the carcasses to be eaten
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(Fig. 8). There are higher road density and heavier traffic in southern Finland due to the
distribution of inhabitants in the country.

Figure 8. Carcass of a raccoon dog on a road side scavenged by a red fox (photo: Jari Kostet).

There are many host species of Trichinella that are prevalent in southern Finland. The red fox
has been considered to be an important reservoir host for Trichinella. It is widely distributed
and adapted to both rural and urban surroundings. The diet of red foxes mainly involves meat,
which favors the transmission of meat-borne parasites like Trichinella. In addition,
Trichinella spp. are commonly found in raccoon dogs. The raccoon dog is an excellent host
for Trichinella (Nareaho et al., 2000) and its population has been considered to be a risk
factor for Trichinella infection (Oksanen et al., 1998; Pannwitz et al., 2010). The same was
seen in our study; the combined Trichinella prevalence in red fox and raccoon dog was
positively correlated with the population density of raccoon dog in a certain area. Raccoon
dogs spread to Finland from the western regions of the former Soviet Union during the 1960s
and 1970s and the Trichinella prevalence in Finnish wildlife has increased concurrently with
the colonization of that carnivore (Oksanen et al., 1998). The lower density of raccoon dogs
in Lapland may partly explain the lower prevalence of T. nativa and other Trichinella species
in northern Finland. In Norway, however, where the uneven distribution pattern of
Trichinella infection also exists, raccoon dog is not present (Davidson et al., 2006).

In addition to the difference in Trichinella prevalence along the north-south gradient, the
prevalence in a given animal species varied a lot between GMDs and also within each GMD.
In red foxes, the prevalence varied from 0 to 62% and in raccoon dogs, it varied from 0 to
55% between different GMDs. There were certain municipalities with a higher Trichinella
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prevalence than in the areas around them. We obtained the samples from volunteer hunters
and it is possible that they had used raccoon dog or red fox carcasses as bait. This could
influence the local Trichinella prevalence by carnivore-carnivore transmission, as was seen in
Russia (Pozio et al., 2001). Wolf carcasses were left in forests, which led to a prevalence of
Trichinella infection in the wolves in that area of as high as 97.5%. The patchy distribution
within GMDs may explain the varying prevalence reported, for example, earlier from Finland
(Rislakki, 1956; Freeman, 1964; Hirvela-Koski et al., 1985; Oivanen et al., 2002a). Care must
be taken before any nation-level conclusions are made based on the results of Trichinella
prevalence in certain areas. The large number of animals studied increases the reliability of
the results.

Trichinella nativa is the most prevalent Trichinella species in Finnish wildlife; 80.1% of the
positive animals were infected with T. nativa. In addition, in all studied host species, it was
the most common Trichinella species. Trichinella britovi is common in wildlife in central and
southern Europe (Pozio, 2001). In southeastern France, 2.7% of red foxes were positive for
Trichinella and all the positive cases were identified as T. britovi (Aoun et al., 2012).
Trichinella nativa and T. britovi live in similar ecological niches; they are both widespread in
sylvatic carnivores (La Rosa et al., 1992). It has been speculated that in the north, T. britovi is
replaced by the freezing-resistant species T. nativa (Oivanen et al., 2002a; Pozio and Murrell,
2006). This has been shown also in other countries: T. nativa is the dominant Trichinella
species in the Palearctic and Arctic (Shaikenov, 1992; Handeland et al., 1995; Pozio et al.,
1998; Pozio and Murrell, 2006). In certain host species, T. nativa can tolerate low
temperatures and, thus, the cold climate in Finland may favor T. nativa; even at -18°C, the
ML can remain alive in carnivores for years (Kapel et al., 1999) and are infective when the
carcass is eaten by a new host. However, the complete life cycle of Trichinella takes place at
the body temperature of a live animal; only transmission to scavengers is dependent on
climate conditions.

Trichinella nativa exists in the entire Finland but the prevalence is significantly higher in the
southern part of the country. The same is true with the other three Finnish Trichinella species.
Our data also showed that T. spiralis had its reservoir in wildlife. Trichinella spiralis was
found in the wolf, red fox, raccoon dog, and lynx. The identification of T. spiralis-infected
red fox way up in Lapland was a surprise (I). It is probably the first isolation of the species so
far north (Pozio and Murrell, 2006), in an area with no known domestic outbreaks.
Trichinella britovi was found in the badger, wolf, raccoon dog, and red fox, but relatively
more often in the lynx (Fig. 4).
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6.2. Infection intensity

The infection intensity of Trichinella was dependent on both the Trichinella species and the
host species. In raccoon dogs, the infection intensity was high with all Trichinella species,
which indicates that the raccoon dog is an adaptive host for Trichinella spp. This is in
accordance with earlier studies; all Trichinella species reproduce in raccoon dogs and infect
them well (Né&reaho et al., 2000; Oivanen et al., 2002a; Malakauskas et al., 2007). Raccoon
dogs are commonly found in both sylvatic and domestic environments in Finland. This
further stresses the importance of the raccoon dog as a reservoir for Trichinella. When the
population size of the host animals, the estimated number of infected individuals, and
infection intensities are taken into consideration, raccoon dogs and red foxes are the most
important reservoirs for Trichinella species in Finland. The population size of red foxes is
between 88,000 and 190,000 and that of raccoon dogs is between 138,000 and 278,000.
When estimated prevalence was calculated based on the number of infected individuals, there
were 1.3-1.5 times more infected raccoon dogs than red foxes in Finland. In addition, when
the different weights of the raccoon dog (6 kg) and red fox (5.5 kg) and different infection
intensities (100.3 vs. 26.4 Ipg, respectively) are taken into account, the raccoon dog
population in Finland carries a 5.4-6.3 times heavier Trichinella spp. burden than the red fox.

6.3. Trichinella nativa in rats

In the rat, the infection intensity with different Trichinella species varies a lot; the rat is a
selective host for Trichinella (Nelson and Mukundi, 1963; Pozio et al., 1992b; Malakauskas
et al., 2001; Mikkonen et al., 2005). It is known that T. nativa, compared with T. spiralis, has
a limited infectivity in rats (Pozio et al., 1992a; Malakauskas et al., 2001; Mikkonen et al.,
2005). This was seen also in our study; the median Ipg value in rats after p.o. infection with
an equal dose of T. nativa and T. spiralis was 22 and 1243, respectively (I11), and in study IV,
the median Ipg value in T. nativa-infected rats was 0 and in T. spiralis-infected rats it was
590. When the enteral phase of the infection was bypassed and Trichinella larvae were
injected i.v., the median Ipg was 0.29 for T. nativa and 5.2 for T. spiralis. When the
differences in ML production after p.o. and i.v. infection were compared between T. nativa-
and T. spiralis-infected rats, it seemed that the enteral phase had a greater influence on the
reduction of ML production than the parenteral phase. However, these results showed that the
species-specific defense against T. nativa by a host occurred in both the enteral and parenteral
phases.
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In a previous study, rats were also infected i.v. with T. spiralis NBL, in order to demonstrate
that only some of the NBL reached muscle tissue (Dennis et al., 1970). The results showed
that 66% of the T. spiralis larvae injected i.v. were found in muscles. In our study, the
infection rates were lower. Our Trichinella worms and also the rats were genetically different
than those in the experiment of Dennis et al., which may have influenced the results. In
addition, due to technical reasons, the infection doses were injected into the rats’ tail veins an
hour after the doses were prepared. This may have had an effect on the viability of the NBL.
However, when nine-hour-old T. spiralis NBL were injected i.v. into the retro-orbital venous
plexus of a mouse, 80% of the NBL were recovered as ML (Wranicz et al., 1999). The doses
in our study were all handled correspondingly and were, thus, comparable.

There can be numerous reasons why some animal species, for example, the raccoon dog is an
excellent host for several Trichinella species and why the rat is a selective host for T. nativa.
It may be that T. nativa can release fewer NBL in a selective host, survives poorly in the gut
lumen, or maybe it cannot invade into the intestinal epithelial cells as effectively as in an
adaptive host. After the enteral phase, the defense of the host can also be directed towards the
NBL or ML of T. nativa. Based on our results, the defense occurs in both the enteral and
parenteral phases of the life cycle, so any of the previous reasons can be the explanation.
When Trichinella enters, for example, the raccoon dog, one or more of these reasons favor
the survival and reproduction of the parasite and Trichinella is capable of causing high
infection intensity.

To compare the reproduction of T. nativa with T. spiralis, we isolated T. nativa and T.
spiralis females from rat and mouse intestines on day six p.i. and cultured them in a 96-well
plate for one day. The reproduction capacity of T. nativa was lower in those isolated from rats
than those isolated from mice. The opposite was revealed for T. spiralis. This means that
something in the gut of a selective host affects the Trichinella female’s capacity to produce
NBL. This explains, to some extent, the lower infectivity of T. nativa in rats, and is in
accordance with earlier results (Pozio et al., 1992b). Trichinella pseudospiralis also produces
fewer NBL in rats but it can cause a reasonable high Ipg in rat muscle tissue (Pozio et al.,
1992b). This is why the low production of NBL cannot explain the lower infectivity of T.
nativa in rats entirely. In addition, all the Trichinella females in our study were collected on
day six p.i., so the different reproduction periods of the two different Trichinella species are
not taken into account here.

Because the enteral phase was more important in host defense against Trichinella than the
parenteral phase, we wanted to examine more thoroughly the host response during that phase.
We infected rats with T. nativa and T. spiralis and analyzed gene expression changes in the
jejunum on day five p.i. (IV). Interestingly, there was a significant difference in gene
expression profile between Trichinella-infected rats and control rats but no difference
between T. nativa- and T. spiralis-infected rats. The histopathology supported these results;
the histological changes were similar in both T. nativa- and T. spiralis-infected groups and
there was also no difference in the severity of the changes.

48



It is known that Trichinella infection causes inflammatory changes in the intestine and that
the changes are heaviest during the enteral phase of infection (Despommier DD., 1983;
Bruschi and Murrell, 2002). Pathological changes were most severe in the jejunum; there was
moderate infiltration of inflammatory cells (eosinophils, neutrophils, and lymphocytes) in the
lamina propria, moderately shortened and fused villi with epithelial degeneration and
vacuolation, and modest hyperemia and hemorrhage in the superficial lamina propria. In
addition, the number of goblet cells was increased. In the duodenal and ileal samples, the
pathological changes were mild. Eosinophilic inflammation and also the goblet cells are
known to facilitate worm expulsion (Vallance et al., 1999).

In study I11, our samples were taken from the duodenum on day 40 p.i. and no inflammatory
changes were seen any more. Franssen et al. (2011) had similar findings; on day 42 after T.
spiralis infection, there were no abnormalities seen in the rat duodenal samples, even though
inflammatory changes were seen 8 days p.i. In our study, the only finding was an increase in
the number of MMCs, which are considered to be important in the protective immunity in T.
spiralis infection (Ha et al., 1983; Grencis et al., 1993; Suzuki et al., 2008). MMCs have been
detected in the rat jejunum 30 days post T. spiralis infection (Fernandez-Blanco et al., 2011).
In our study, the number of mast cells was similar in both T. nativa- and T. spiralis-infected
rats, so the mast cells are considered to be important also during T. nativa infection in rats.

The rats in our experimental studies were without noticeable clinical signs, except that the
infected rats gained less weight than controls during the first two weeks after infection. This
could be due to diarrhea or reduced food intake (Auli and Fernandez, 2005). The rats did not
show diarrhea and the intake of food was free. Our histological results showed that both
Trichinella species induced a similar inflammatory reaction in the small intestine. It is
possible that this inflammation reduced the absorption of nutrients in the intestine, causing
weight loss. Trichinella can also induce nausea during the intestinal phase of infection, which
can reduce appetite and, thus, the amount of food the rats eat. However, in our study, the
intake of food was not monitored. In earlier studies, the body weight of the rats was reduced
only when the infection dose was higher than 4000 larvae (Franssen et al., 2011). Our study
showed that the effect on body weight can also be seen with a lower infection dose of 2000
larvae.

The data from microarray analysis indicated an inflammatory response and nonspecific
damage in the mucosa of the rat jejunum. Because there was no significant difference in gene
expression profile between T. nativa- and T. spiralis-infected rats, we combined them into
one Trichinella infected group to examine the effects of infection in general. When this group
was compared with controls, the difference was statistically different. We focused on
differentially expressed genes and performed pathway analysis on them using SPIA (Tarca et
al., 2009). Pathways that were biologically relevant and involved in host-parasite interaction
were chosen for further examination. As a result, we suggested four pathways that were
linked to Trichinella infection: “ECM-receptor interaction”, “Focal adhesion”, “Complement
and coagulation cascades”, and “Amoebiasis”.
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In these pathways, no specific gene expression changes were found. The changes were
mostly related to innate immunity and inflammatory reaction which were seen also in
histological samples. Innate immunity has an important role in a host’s response to
Trichinella. In our samples, the monocyte receptor CD14 and Toll-like receptors (TLR) were
upregulated. Both of them mediate the immune response in innate immunity against microbes.
TLR2 and TLR4 are upregulated in the rat jejunum during Hymenolepis diminuta infection
(Kosik-Bogacka et al., 2012). In our samples, the upregulation of TLR4 was seen, but there
was no overexpression of TLR2.

In addition, complement cascade-related genes C1, C8, and decay accelerating factor (DAF)
were activated. The complement cascade is also linked to innate immunity. A previous study
has demonstrated that complement factors C3, C8, and C9 cannot bind to Trichinella cuticle
(Néreaho et al., 2009). In this study, C8 was downregulated, which supports the earlier results.
DAF inhibits complement activation on cell surfaces (Jokiranta et al., 1995) and was
upregulated in our study. This probably means that during Trichinella infection, the cells are
more protected from the activation of complement.

6.4. Trichinella nativa in a domestic cat

Trichinella spiralis has been associated with domestic species and other Trichinella species,
including T. nativa are thought to exist in wildlife (Kozar et al., 1965; Kapel et al., 1998;
Murrell and Pozio, 2000). However, we found T. nativa in a Finnish domestic cat. Even
though T. nativa is only slightly infective in swine, it can occur in domestic companion
animals like cats and dogs (Lindberg et al., 1991).

Cats have been found to be susceptible hosts for Trichinella. Experimental feline studies have
been performed but few natural infections have been reported (Schad et al., 1967; Gretillat
and Vassiliades, 1968; Garkavi, 1973; Holzworth and Georgi, 1974; Bowman et al., 1993;
Moisan et al., 1998; Ribicich et al., 2013).

Usually, Trichinella does not cause any clinical signs in cats or other animals unless they are
infected with a very high infection dose (Bruschi and Murrell, 2002). Based on experimental
infections, cats are reported to have only mild GI disturbances during Trichinella infection
(Bowman et al., 1993). In a severe infection with a high infection dose, weakness, discomfort,
and death have been reported (Bowman et al., 1993; Ribicich et al., 2013).

Interestingly, the cat in our study had an ulcer below the left eye and in the center of the
lesion, one T. nativa larva was found in a biopsy sample. Even though the ulcer lesion was
removed, the lesion still disturbed the cat postoperatively; it squinted and scratched the eye.
A firm subcutaneous mass was beginning to grow in the periocular area. In contrast
computed tomography, it was seen that the mass did not infiltrate the bone. Because it is
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known that cats are susceptible to developing sarcomas secondary to chronic inflammation
(Jelinek, 2003), biopsies were taken from the periocular mass of the cat. The
histopathological findings were consistent with granulation tissue, inflammation, and
fibrodysplasia. However, the marked proliferation of fibrous spindle cells and infiltrative
growth of the lesion maintained low-grade fibrosarcoma as a differential diagnosis.

Trichinella infection is thought to act as a co-carcinogen. When T. spiralis and chemical
carcinogens were inoculated simultaneously into rats, tumor formation was more frequent
than in rats that received either of these agents alone (Gawish, 1975). In contrast, (Wang et al.,
2009) Trichinella is also thought to be an anti-tumor agent (Wang et al., 2009); for example,
it produces an anti-tumor protein that induces apoptosis (Wang et al., 2013).

In cats, Trichinella infection has been reported concurrent with neoplastic disease (Moisan et
al., 1998) and the same phenomenon has also been seen in humans (Cheung et al., 1997;
Cvorovic et al., 2005; Kristek et al., 2005). The cause for this is speculative but the most
obvious reason might be the chronic inflammation induced by Trichinella spp. larva. After
vaccination, cats are prone to develop sarcomas that are called injection site sarcomas (ISS)
(Jelinek, 2003). They are thought to develop because of the irritation and inflammation
induced by the vaccine (Jelinek, 2003). One non-vaccinated cat developed sarcoma after
meloxicam injection (Munday et al., 2011), and ISS has also been found next to non-
absorbable sutures (Buracco et al., 2002) and an implanted microchip (Daly et al., 2008). It
has been speculated that even an injection through the skin can cause inflammation if, for
example, hair is introduced into the subcutis (Munday et al., 2011). If even a stick of a needle
can cause enough inflammation to result in the growth of cancer, it is easy to believe that
Trichinella larvae can cause the same response.

Feline retroviruses are known to be associated with certain neoplasias in cats (Poli et al.,
1994; Callanan et al., 1996). However, according to previous studies, these viruses do not
stimulate ISS development (Ellis et al., 1996; Kidney et al., 2001). In humans, the
malignancy induced by Trichinella has been linked to immunodeficiency of the patient
(Segelman, 1975; Cheung et al., 1997). To analyze the possibility of simultaneous viral
infections and the role of immunodeficiency in this case, the cat was tested for FeLV and FIV
with negative outcome.
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/. CONCLUSIONS

Sylvatic Trichinella infection is highly prevalent in Finnish wildlife and T. nativa is the most
common Trichinella species. The prevalence is so high that Trichinella infection is a risk for
domestic animals but also for humans. Trichinella infection can manifest in many ways
including also a preneoplastic pattern in cats.

In the southern part of Finland, the prevalence of Trichinella infection is significantly higher
than in the northern part. However, the prevalence in a given animal species and in a given
GMD is patchy. Trichinella species are not equally distributed in different host species; T.
britovi is more often found in the lynx than in other animal species. However, T. nativa is the
most abundant Trichinella species among all investigated host species. The most abundant
host species are the raccoon dog and red fox. The population density of raccoon dogs in a
certain area is positively correlated with the prevalence of Trichinella infection in both
raccoon dogs and red foxes. The raccoon dog carries the highest biomass of T. nativa among
Finnish fauna.

In the host, the defense against T. nativa and T. spiralis occurs during both the enteral and
parenteral phases. Trichinella infection alters heavily the gene expression and histology of
the rat intestine, but there is no significant difference in mucosal gene expression response or
intestinal histology between T. nativa- and T. spiralis-infected rats in the early phase of
infection.

The reproduction of Trichinella females is influenced by the host animal in which Trichinella
has reached the adult stage. Trichinella nativa females isolated from the rat intestine produce
fewer NBL than T. nativa females isolated from the mouse intestine. The opposite is true for
T. spiralis.

52



ACKNOWLEDGEMENTS

This work was carried out at the Section of Veterinary Pathology and Parasitology,
Department of Veterinary Biosciences, Faculty of Veterinary Medicine, University of
Helsinki, Finland, between 2006 and 2013. During these years, numerous people helped me
and | am grateful to them all. | have been supported by a personal grant from the Finnish
Veterinary Science Foundation, which is sincerely acknowledged.

| would like to warmly thank my supervisors Professor Antti Sukura and Docent Anu
Néreaho for imparting their scientific knowledge and for their support throughout this work. |
am grateful to Antti for introducing me the world of Trichinella spp. and encouraging me to
carry on with my studies. | also thank Antti for understanding my passion for pathology and
giving me an opportunity to conduct diagnostic work during these years, even though this
possibly has delayed this thesis a little. I would like to thank Anu for being an excellent
example to me; always being friendly, efficient and calm, whatever has happened, even at
four a clock in the morning. | would dare to say that during these years we have become
friends. We will have a lot of funny memories to remember when we are old(er).

| would also like to sincerely thank Dr. Edoardo Pozio and Dr. Karsten Nockler for pre-
examining the thesis and providing valuable constructive comments.

| am very grateful to all my co-authors for their input to the studies and manuscripts. |1 am
especially grateful to Jere Lindén. His knowledge of microarray, statistics, and experimental
animal work has been invaluable. Thank you also, Jere, for helping me with my endless
computer problems. | would also like to thank Seppo Saari for all his help, inspiring ideas and
fun company; particularly in the early stage of this project.

Special thanks to skilful and joyful pathology laboratory personnel (Kati, Krista, Pirkko).
You have always been very flexible and ready to help with my samples. I also owe thanks to
Raili, Anssi and the other laboratory animal technicians in Evira for taking good care of the
animals and helping me with many tasks.

I would like to thank the entire current and former staff of the veterinary pathology and
parasitology section for creating such a friendly and pleasant atmosphere in which to work
and for sharing the ups and downs of work and life. Our “coffee group” has brought me a lot
of fun and relaxing moments in our working days. Thank you for all the laughs!

I very warmly thank all my friends outside of work for keeping me sane. Pia, Anne and Hetti,
our monthly meetings have been very important for me for almost 20 years. Our funny
moments and profound conversations about life have given me a lot of strength. | also thank
with all my heart my best friend Veera, who is like a sister to me. |1 am especially lucky to
have such a loyal friend. Thank you for all the unforgettable moments during sunny and also

53



rainy days both in work and during free time. Thank you for sticking by me throughout these
years!

My heartfelt thanks also go to my mother and Rami for all their support and for always
believing in me. | would like to thank my parents-in-law for always being interested in me
and my work. And thank you all, my mother above all, with all the help during these years,
especially with the kids.

Finally, | owe my deepest gratitude to my family: my husband Matti and children Wiljam and
Eliel. The last year in particular has been very tough for the whole family. As 4-year-old
Wiljam said in the kindergarten: “My mom is doing a thesis and it is always being done in the
nighttime”. Matti, thank you for taking care of the kids and giving up many of your own
plans while I have been working. I really appreciate your support and encouragement during
these years. Wiljam and Eliel, thank you for giving all this true meaning... and helping me
expand my patience onto the new levels. | hope this work inspires you two to find your own
places in the world and to do things you will be fascinated by.

Helsinki, December 2013

Niina

54



REFERENCES

Ancelle, T., J. Dupouy-Camet, M. E. Bougnoux, V. Fourestie, H. Petit, G. Mougeot, J. P.
Nozais, and J. Lapierre. 1988. Two outbreaks of trichinosis caused by horsemeat in France in
1985. Am. J. Epidemiol. 127: 1302-1311.

Ancelle, T., J. Dupouy-Camet, J. C. Desenclos, E. Maillot, S. Savage-Houze, F. Charlet, J.
Drucker, and A. Moren. 1998. A multifocal outbreak of trichinellosis linked to horse meat
imported from North America to France in 1993. Am. J. Trop. Med. Hyg. 59: 615-619.

Aoun, O., S. A. Lacour, A. Levieuge, J. L. Marie, I. Vallee, and B. Davoust. 2012. Screening
for Trichinella britovi infection in red fox (Vulpes vulpes) and wild boar (Sus scrofa) in
southeastern France. J. Wildl. Dis. 48: 223-225.

Appleton, J. A., and D. D. McGregor. 1984. Rapid expulsion of Trichinella spiralis in
suckling rats. Science. 226: 70-72.

Appleton, J. A., and L. Usack. 1993. Identification of potential antigenic targets for rapid
expulsion of Trichinella spiralis. Mol. Biochem. Parasitol. 58: 53-62.

Auli, M., and E. Fernandez. 2005. Characterization of functional and morphological changes
in a rat model of colitis induced by Trichinella spiralis. Dig. Dis. Sci. 50: 1432-1443.

Beiting, D. P., S. K. Bliss, D. H. Schlafer, V. L. Roberts, and J. A. Appleton. 2004.
Interleukin-10 limits local and body cavity inflammation during infection with muscle-stage
Trichinella spiralis. Infect. Immun. 72: 3129-3137.

Beiting, D. P., L. F. Gagliardo, M. Hesse, S. K. Bliss, D. Meskill, and J. A. Appleton. 2007.
Coordinated control of immunity to muscle stage Trichinella spiralis by IL-10, regulatory T
cells, and TGF-beta. J. Immunol. 178: 1039-1047.

Beiting, D. P., P. W. Park, and J. A. Appleton. 2006. Synthesis of syndecan-1 by skeletal
muscle cells is an early response to infection with Trichinella spiralis but is not essential for
nurse cell development. Infect. Immun. 74: 1941-1943.

Bell, R. G. 1998. The generation and expression of immunity to Trichinella spiralis in
laboratory rodents. Adv. Parasitol. 41: 149-217.

Bell, R. G., L. S. Adams, and R. W. Ogden. 1984. Intestinal mucus trapping in the rapid
expulsion of Trichinella spiralis by rats: Induction and expression analyzed by quantitative
worm recovery. Infect. Immun. 45: 267-272.

Bell, R. G., M. Korenaga, and C. H. Wang. 1987. Characterization of a cell population in

thoracic duct lymph that adoptively transfers rejection of adult Trichinella spiralis to normal
rats. Immunology. 61: 221-227.

55



Blaga, R., C. Gherman, V. Cozma, A. Zocevic, E. Pozio, and P. Boireau. 2009. Trichinella
species circulating among wild and domestic animals in Romania. Vet. Parasitol. 159: 218-
221.

Boczon, K., J. Winiecka, W. Kociecka, E. Hadas, and I. Andrezejewska. 1981. The
diagnostic value of enzymatic and immunological tests in human trichinellosis. Tropenmed.
Parasitol. 32: 109-114.

Boonmars, T., Z. Wu, I. Nagano, and Y. Takahashi. 2005. Trichinella pseudospiralis
infection is characterized by more continuous and diffuse myopathy than T. spiralis infection.
Parasitol. Res. 97: 13-20.

Bowman, D. D., R. A. Darigrand, M. K. Frongillo, S. C. Barr, J. A. Flanders, and L. G.
Carbone. 1993. Treatment of experimentally induced trichinosis in dogs and cats. Am. J. Vet.
Res. 54: 1303-1305.

Bruschi, F., M. Korenaga, and N. Watanabe. 2008. Eosinophils and Trichinella infection:
Toxic for the parasite and the host? Trends Parasitol. 24: 462-467.

Bruschi, F., M. T. Locci, W. Cabaj, B. Moskwa, B. Castagna, W. Kociecka, and M. Masetti.
2005. Persistence of reactivity against the 45 k da glycoprotein in late trichinellosis patients.
Vet. Parasitol. 132: 115-118.

Bruschi, F., G. Marucci, E. Pozio, and M. Masetti. 2009. Evaluation of inflammatory
responses against muscle larvae of different Trichinella species by an image analysis system.
Vet. Parasitol. 159: 258-262.

Bruschi, F., and K. D. Murrell. 2002. New aspects of human trichinellosis: The impact of
new Trichinella species. Postgrad. Med. J. 78: 15-22.

Bruschi, F., E. Pozio, N. Watanabe, M. A. Gomez-Morales, M. Ito, Y. Huang, and R. Binachi.
1999. Anaphylactic response to parasite antigens: IgE and 1gG1 independently induce death
in Trichinella-infected mice. Int. Arch. Allergy Immunol. 119: 291-296.

Bruschi, F., C. Tassi, and E. Pozio. 1990. Parasite-specific antibody response in Trichinella
sp. 3 human infection: A one year follow-up. Am. J. Trop. Med. Hyg. 43: 186-193.

Buracco, P., M. Martano, E. Morello, and A. Ratto. 2002. Vaccine-associated-like
fibrosarcoma at the site of a deep nonabsorbable suture in a cat. Vet. J. 163: 105-107.

Callanan, J. J., B. A. Jones, J. Irvine, B. J. Willett, I. A. McCandlish, and O. Jarrett. 1996.
Histologic classification and immunophenotype of lymphosarcomas in cats with naturally and
experimentally acquired feline immunodeficiency virus infections. Vet. Pathol. 33: 264-272.

Capo, V., and D. D. Despommier. 1996. Clinical aspects of infection with Trichinella spp.
Clin. Microbiol. Rev. 9: 47-54.

56



Capo, V. A, D. D. Despommier, and R. I. Polvere. 1998. Trichinella spiralis: Vascular
endothelial growth factor is up-regulated within the nurse cell during the early phase of its
formation. J. Parasitol. 84: 209-214.

Cheung, L. K., R. W. Yeung, S. Y. Leung, and N. Samman. 1997. Trichinosis associated with
carcinoma of the tongue: Case report. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod.
84: 32-34.

Coffman, R. L., B. W. Seymour, S. Hudak, J. Jackson, and D. Rennick. 1989. Antibody to
interleukin-5 inhibits helminth-induced eosinophilia in mice. Science. 245: 308-310.

Collins, S. M. 1996. The immunomodulation of enteric neuromuscular function: Implications
for motility and inflammatory disorders. Gastroenterology. 111: 1683-1699.

Crandall, R. B., and C. A. Crandall. 1972. Trichinella spiralis: Immunologic response to
infection in mice. Exp. Parasitol. 31: 378-398.

Cuperlovic, K., M. Djordjevic, and S. Pavlovic. 2005. Re-emergence of trichinellosis in
southeastern Europe duo to political and economic changes. Vet. Parasitol. 132: 159-166.

Cvorovic, L., Z. Milutinovic, and M. Kiurski. 2005. Trichinella spiralis and laryngeal
carcinoma: A case report. Eur. Arch. Otorhinolaryngol. 262: 456-458.

Daly, M. K., C. F. Saba, S. S. Crochik, E. W. Howerth, C. E. Kosarek, K. K. Cornell, R. E.
Roberts, and N. C. Northrup. 2008. Fibrosarcoma adjacent to the site of microchip
implantation in a cat. J. Feline Med. Surg. 10: 202-205.

Davidson, R. K., B. Gjerde, T. Vikoren, A. Lillehaug, and K. Handeland. 2006. Prevalence of
Trichinella larvae and extra-intestinal nematodes in norwegian red foxes (Vulpes vulpes). Vet.
Parasitol. 136: 307-316.

Dea-Ayuela, M. A., and F. Bolas-Fernandez. 1999. Trichinella antigens: A review. Vet. Res.
30: 559-571.

Dennis, D. T., D. D. Despommier, and N. Davis. 1970. Infectivity of the newborn larva of
Trichinella spiralis in the rat. J. Parasitol. 56: 974-977.

Despommier DD. 1990. Trichinella spiralis: The worm that would be virus. Parasitology
Today. 6: 193-196.

Despommier DD. 1983. Biology. Pages 75-151 in Trichinella and Trichinosis. Campbell WC,
ed. Plenum Press, New York, N.Y. USA.

Despommier, D. 1975. Adaptive changes in muscle fibers infected with Trichinella spiralis.
Am. J. Pathol. 78: 477-496.

Despommier, D., W. F. Symmans, and R. Dell. 1991. Changes in nurse cell nuclei during
synchronous infection with Trichinella spiralis. J. Parasitol. 77: 290-295.

57



Despommier, D. D. 1998. How does Trichinella spiralis make itself at home ? Parasit. Today.
14: 318-323.

Dick, T. A., and E. Pozio. 2001. Trichinella spp. and trichinellosis. Pages 380-396 in
Parasitic diseases of wild mammals.W. M. Samuel, M. J. Pybus, and A. A. Kocan eds. 2nd ed.
lowa State University Press, Ames, IA.

Dupoy-Camet, J. and Bruschi, F. 2007. Management and diagnosis of human trichinellosis.
Pages 37-68 in FAO/WHO/OIE guidelines for the surveillance, management, prevention and
control of trichinellosis. Dupoy-Camet J. & Murrell K.D., eds, World Organisation for
Animal Health Press, Paris, France

Dupouy-Camet, J., W. Kociecka, F. Bruschi, F. Bolas-Fernandez, and E. Pozio. 2002.
Opinion on the diagnosis and treatment of human trichinellosis. Expert Opin Pharmacother. 3:
1117-1130.

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

Dupouy-Camet, J., S. Lecam, H. Talabani, and T. Ancelle. 2009. Trichinellosis acquired in
senegal from warthog ham, march 2009. Euro Surveill. 14: 19220.

Ellis, J. A., M. L. Jackson, R. C. Bartsch, L. G. McGill, K. M. Martin, B. R. Trask, and D. M.
Haines. 1996. Use of immunohistochemistry and polymerase chain reaction for detection of
oncornaviruses in formalin-fixed, paraffin-embedded fibrosarcomas from cats. J. Am. Vet.
Med. Assoc. 209: 767-771.

Enemark, H. L., H. Bjorn, S. A. Henriksen, and B. Nielsen. 2000. Screening for infection of
Trichinella in red fox (Vulpes vulpes) in denmark. Vet. Parasitol. 88: 229-237.

Fabre, M. V., D. P. Beiting, S. K. Bliss, and J. A. Appleton. 2009a. Immunity to Trichinella
spiralis muscle infection. Vet. Parasitol. 159: 245-248.

Fabre, V., D. P. Beiting, S. K. Bliss, N. G. Gebreselassie, L. F. Gagliardo, N. A. Lee, J. J. Lee,
and J. A. Appleton. 2009b. Eosinophil deficiency compromises parasite survival in chronic
nematode infection. J. Immunol. 182: 1577-1583.

Feldmeier, H., H. Fischer, and G. Blaumeiser. 1987. Kinetics of humoral response during the
acute and the convalescent phase of human trichinosis. Zentralbl. Bakteriol. Mikrobiol. Hyg.
[A]. 264: 221-234.

Fernandez-Blanco, J. A., S. Barbosa, F. Sanchez de Medina, V. Martinez, and P. Vergara.
2011. Persistent epithelial barrier alterations in a rat model of postinfectious gut dysfunction.
Neurogastroenterol. Motil. 23: €523-33.

Ferraccioli, G. F., M. Mercadanti, F. Salaffi, F. Bruschi, M. Melissari, and E. Pozio. 1988.

Prospective rheumatological study of muscle and joint symptoms during Trichinella nelsoni
infection. Q. J. Med. 69: 973-984.

58



Forbes, L. B. 2000. The occurrence and ecology of Trichinella in marine mammals. Vet.
Parasitol. 93: 321-334.

Franssen, F. F., M. Fonville, K. Takumi, I. Vallee, A. Grasset, M. A. Koedam et al. 2011.
Antibody response against Trichinella spiralis in experimentally infected rats is dose
dependent. Vet. Res. 42: 113-9716-42-113.

Freeman RS. 1964. Leved heisimato ja trikiini luonnonvaraisissa ketuissa suomessa. (broad
fish tapeworm and trichina worm in wild red foxes in finland). Suom El&inl&akaril. 7-8: 279-
283.

Friend, D. S., N. Ghildyal, K. F. Austen, M. F. Gurish, R. Matsumoto, and R. L. Stevens.
1996. Mast cells that reside at different locations in the jejunum of mice infected with
Trichinella spiralis exhibit sequential changes in their granule ultrastructure and chymase
phenotype. J. Cell Biol. 135: 279-290.

Friend, D. S., N. Ghildyal, M. F. Gurish, J. Hunt, X. Hu, K. F. Austen et al. 1998. Reversible
expression of tryptases and chymases in the jejunal mast cells of mice infected with
Trichinella spiralis. J. Immunol. 160: 5537-5545.

Froscher W, Gullotta F, Saathoff M, Tackmann W. 1988. Chronic trichinosis. clinical, bioptic,
serological and electromyographic observations. Eur. Neurol. 28: 221-226.

Gamble, H. R., A. S. Bessonov, K. Cuperlovic, A. A. Gajadhar, F. van Knapen, K. Nockler,
H. Schenone, and X. Zhu. 2000. International commission on trichinellosis:
Recommendations on methods for the control of Trichinella in domestic and wild animals
intended for human consumption. Vet. Parasitol. 93: 393-408.

Gamble, H. R., R. C. Brady, L. L. Bulaga, C. L. Berthoud, W. G. Smith, L. A. Detweiler, L.
E. Miller, and E. A. Lautner. 1999. Prevalence and risk association for Trichinella infection
in domestic pigs in the northeastern united states. Vet. Parasitol. 82: 59-69.

Garkavi, B. L. 1973. [Trichinella pseudospiralis infestation of swine and cats]. Veterinariia. 9:
64-65.

Garside, P., R. K. Grencis, and A. M. Mowat. 1992. T lymphocyte dependent enteropathy in
murine Trichinella spiralis infection. Parasite Immunol. 14: 217-225.

Gawish, N. 1975. Parasites and cancer. Egypt. J. Bilharz. 2: 131-136.

Gebreselassie, N. G., A. R. Moorhead, V. Fabre, L. F. Gagliardo, N. A. Lee, J. J. Lee, and J.
A. Appleton. 2012. Eosinophils preserve parasitic nematode larvae by regulating local
immunity. J. Immunol. 188: 417-425.

Gon, S., S. Saito, Y. Takeda, H. Miyata, K. Takatsu, and F. Sendo. 1997. Apoptosis and in

vivo distribution and clearance of eosinophils in normal and Trichinella spiralis-infected rats.
J. Leukoc. Biol. 62: 309-317.

59



Gottstein, B., E. Pozio, and K. Nockler. 2009. Epidemiology, diagnosis, treatment, and
control of trichinellosis. Clin. Microbiol. Rev. 22: 127-145.

Gould, S. E. 1970. Trichinosis in man and animals. Gould S. E., ed. Springfield, lllinois,
USA., C C Thomas.

Grencis, R. K., K. J. Else, J. F. Huntley, and S. I. Nishikawa. 1993. The in vivo role of stem
cell factor (c-kit ligand) on mastocytosis and host protective immunity to the intestinal
nematode Trichinella spiralis in mice. Parasite Immunol. 15: 55-59.

Grencis, R. K., J. Riedlinger, and D. Wakelin. 1985. L3T4-positive T lymphoblasts are
responsible for transfer of immunity to Trichinella spiralis in mice. Immunology. 56: 213-
218.

Gretillat, S., and G. Vassiliades. 1968. [Comparative receptivity of the domestic cat and pig
to the west african strain of Trichinella spiralis (Owen, 1835) ]. C. R. Acad. Sci. Hebd.
Seances. Acad. Sci. D. 266: 1139-1141.

Ha, T. Y., N. D. Reed, and P. K. Crowle. 1983. Delayed expulsion of adult Trichinella
spiralis by mast cell-deficient W/Wv mice. Infect. Immun. 41: 445-447.

Hall, R. L., A. Lindsay, C. Hammond, S. P. Montgomery, P. P. Wilkins, A. J. da Silva, .
McAuliffe, M. de Almeida, H. Bishop, B. Mathison, B. Sun, R. Largusa, and J. L. Jones.
2012. Outbreak of human trichinellosis in Northern California caused by Trichinella murrelli.
Am. J. Trop. Med. Hyg. 87: 297-302.

Handeland, K., T. Slettbakk, and O. Helle. 1995. Freeze-resistant Trichinella (Trichinella
nativa) established on the Scandinavian peninsula. Acta Vet. Scand. 36: 149-151.

Helle E, K. K. 1991. Distribution history and present status of the raccoon dog in Finland.
Holarc Ecol. 14: 278-286.

Helmby, H., and R. K. Grencis. 2002. I1L-18 regulates intestinal mastocytosis and Th2
cytokine production independently of IFN-gamma during Trichinella spiralis infection. J.
Immunol. 169: 2553-2560.

Hill, D. E., L. Forbes, A. A. Gajadhar, and H. R. Gamble. 2007a. Viability and infectivity of
Trichinella spiralis muscle larvae in frozen horse tissue. Vet. Parasitol. 146: 102-106.

Hill, D. E., L. Forbes, M. Kramer, A. Gajadhar, and H. R. Gamble. 2007b. Larval viability
and serological response in horses with long-term Trichinella spiralis infection. Vet. Parasitol.
146: 107-116.

Hirvela-Koski, V., M. Aho, K. Asplund, M. Hatakka, and J. Hirn. 1985. Trichinella spiralis

in wild animals, cats, mice, rats and farmed fur animals in Finland. Nord. Vet. Med. 37: 234-
242.

60



Holzworth, J., and J. R. Georgi. 1974. Trichinosis in a cat. J. Am. Vet. Med. Assoc. 165: 186-
191.

Ishikawa, N., P. K. Goyal, Y. R. Mahida, K. F. Li, and D. Wakelin. 1998. Early cytokine
responses during intestinal parasitic infections. Immunology. 93: 257-263.

Ishikawa, N., D. Wakelin, and Y. R. Mahida. 1997. Role of T helper 2 cells in intestinal
goblet cell hyperplasia in mice infected with Trichinella spiralis. Gastroenterology. 113: 542-
549.

Jelinek, F. 2003. Postinflammatory sarcoma in cats. Exp. Toxicol. Pathol. 55: 167-172.

Jokelainen, P., A. Nareaho, S. Knaapi, A. Oksanen, U. Rikula, and A. Sukura. 2010.
Toxoplasma gondii in wild cervids and sheep in finland: North-south gradient in
seroprevalence. Vet. Parasitol. 171: 331-336.

Jokiranta, T. S., L. Jokipii, and S. Meri. 1995. Complement resistance of parasites. Scand. J.
Immunol. 42: 9-20.

Jongwutiwes, S., N. Chantachum, P. Kraivichian, P. Siriyasatien, C. Putaporntip, A.
Tamburrini, G. La Rosa, C. Sreesunpasirikul, P. Yingyourd, and E. Pozio. 1998. First
outbreak of human trichinellosis caused by Trichinella pseudospiralis. Clin. Infect. Dis. 26:
111-115.

Kamal, M., D. Wakelin, A. J. Ouellette, A. Smith, D. K. Podolsky, and Y. R. Mahida. 2001.
Mucosal T cells regulate paneth and intermediate cell numbers in the small intestine of T.
spiralis-infected mice. Clin. Exp. Immunol. 126: 117-125.

Kapel, C. M. 2001. Sylvatic and domestic Trichinella spp. in wild boars; infectivity, muscle
larvae distribution, and antibody response. J. Parasitol. 87: 309-314.

Kapel, C. M. 2000. Host diversity and biological characteristics of the Trichinella genotypes
and their effect on transmission. Vet. Parasitol. 93: 263-278.

Kapel, C. M., and H. R. Gamble. 2000. Infectivity, persistence, and antibody response to
domestic and sylvatic Trichinella spp. in experimentally infected pigs. Int. J. Parasitol. 30:
215-221.

Kapel, C. M., L. Oivanen, G. La Rosa, T. Mikkonen, and E. Pozio. 2001. Evaluation of two
PCR-based techniques for molecular epidemiology in Finland, a high-endemic area with four
sympatric Trichinella species. Parasite. 8: S39-43.

Kapel, C. M., E. Pozio, L. Sacchi, and P. Prestrud. 1999. Freeze tolerance, morphology, and

RAPD-PCR identification of Trichinella nativa in naturally infected arctic foxes. J. Parasitol.
85: 144-147.

61



Kapel, C. M., P. Webster, P. Lind, E. Pozio, S. A. Henriksen, K. D. Murrell et al. 1998.
Trichinella spiralis, T. britovi, and T. nativa: Infectivity, larval distribution in muscle, and
antibody response after experimental infection of pigs. Parasitol. Res. 84: 264-271.

Karmanska, K., M. Houszka, A. Widyma, and E. Stefaniak. 1997a. The cells observed inside
capsules of larvae in the course of experimental trichinellosis in mice. Wiad. Parazytol. 43:
251-256.

Karmanska, K., M. Houszka, A. Widyma, and E. Stefaniak. 1997b. Macrophages during
infection with Trichinella spiralis in mice. Wiad. Parazytol. 43: 245-249.

Khan, W. I., P. Blennerhasset, C. Ma, K. I. Matthaei, and S. M. Collins. 2001. Stat6
dependent goblet cell hyperplasia during intestinal nematode infection. Parasite Immunol. 23:
39-42.

Khan, W. 1., and S. M. Collins. 2006. Gut motor function: Immunological control in enteric
infection and inflammation. Clin. Exp. Immunol. 143: 389-397.

Khumjui, C., P. Choomkasien, P. Dekumyoy, T. Kusolsuk, W. Kongkaew, M. Chalamaat,
and J. L. Jones. 2008. Outbreak of trichinellosis caused by Trichinella papuae, thailand, 2006.
Emerg. Infect. Dis. 14: 1913-1915.

Kidney, B. A., J. A. Ellis, D. M. Haines, and M. L. Jackson. 2001. Comparison of
endogenous feline leukemia virus RNA content in feline vaccine and nonvaccine site-
associated sarcomas. Am. J. Vet. Res. 62: 1990-1994.

Kim, C. W. 1991. The significance of changing trends in trichinellosis. Southeast Asian J.
Trop. Med. Public Health. 22 Suppl: 316-320.

Knight, P. A., A. D. Pemberton, K. A. Robertson, D. J. Roy, S. H. Wright, and H. R. Miller.
2004. Expression profiling reveals novel innate and inflammatory responses in the jejunal
epithelial compartment during infection with Trichinella spiralis. Infect. Immun. 72: 6076-
6086.

Kolodziej-Sobocinska, M., E. Dvoroznakova, and E. Dziemian. 2006. Trichinella spiralis:
Macrophage activity and antibody response in chronic murine infection. Exp. Parasitol. 112:
52-62.

Korenaga, M., C. H. Wang, R. G. Bell, D. Zhu, and A. Ahmad. 1989. Intestinal immunity to
Trichinella spiralis is a property of OX8- OX22- T-helper cells that are generated in the
intestine. Immunology. 66: 588-594.

Kosik-Bogacka, D. 1., A. Wojtkowiak-Giera, A. Kolasa, R. Salamatin, P. P. Jagodzinski, and
E. Wandurska-Nowak. 2012. Hymenolepis diminuta: Analysis of the expression of toll-like
receptor genes (TLR2 and TLR4) in the small and large intestines of rats. Exp. Parasitol. 130:
261-266.

62



Kozar, Z., and M. Kozar. 1968. Dynamics and persistence of antibodies in trichinellosis.
Wiad. Parazytol. 14: 171-185.

Kozar, Z., A. Ramisz, and M. Kozar. 1965. Incidence of Trichinella spiralis in some
domestic and wild living animals in poland. Wiad. Parazytol. 11: 285-298.

Kristek, J., K. Marjanovic, B. Dmitrovic, Z. Krajinovic, and K. Sakic. 2005. Trichinella
spiralis and breast carcinoma--a case report. Coll. Antropol. 29: 775-777.

Krivokapich, S. J., E. Pozio, G. M. Gatti, C. L. Prous, M. Ribicich, G. Marucci, G. La Rosa,
and V. Confalonieri. 2012. Trichinella patagoniensis n. sp. (Nematoda), a new encapsulated
species infecting carnivorous mammals in South America. Int. J. Parasitol. 42: 903-910.

Kumar, V., E. Pozio, J. de Borchgrave, J. Mortelmans, and W. De Meurichy. 1990.
Characterization of a Trichinella isolate from polar bear. Ann. Soc. Belg. Med. Trop. 70:
131-135.

La Rosa, G., E. Pozio, P. Rossi, and K. D. Murrell. 1992. Allozyme analysis of Trichinella
isolates from various host species and geographical regions. J. Parasitol. 78: 641-646.

Lacour, S. A., A. Heckmann, P. Mace, A. Grasset-Chevillot, G. Zanella, I. Vallee et al. 2013.
Freeze-tolerance of Trichinella muscle larvae in experimentally infected wild boars. Vet.
Parasitol. 194: 175-178.

Lee, S.R., S. H. Yoo, H. S. Kim, S. H. Lee, and M. Seo. 2013. Trichinosis caused by
ingestion of raw soft-shelled turtle meat in korea. Korean J. Parasitol. 51: 219-221.

Leiby, D. A., C. H. Duffy, K. D. Murrell, and G. A. Schad. 1990. Trichinella spiralis in an
agricultural ecosystem: Transmission in the rat population. J. Parasitol. 76: 360-364.

Leuckart R. 1860. On the mature condition of Trichina spiralis. Q J Microsc Sci. 8: 168-171.

Li, C. K., and R. C. Ko. 2001. Inflammatory response during the muscle phase of Trichinella
spiralis and T. pseudospiralis infections. Parasitol. Res. 87: 708-714.

Lindberg R., Bornstein S., Landerholm A. and Zakrisson G. 1991. Canine trichinosis with
signs of neuromuscular disease. Journal of Small Animal Practice. 32: 194-197.

Littman, M., K. Nockler, and J. Hallauer. 2006. Cluster of trichinellosis cases in
Mecklenburg-Vorpommern, Germany. Euro Surveill. 11: E060518.1.

Machnicka, B., D. Prokopowicz, E. Dziemian, and M. Kolodziej-Sobociniska. 2001.
Detection of Trichinella spiralis antigens in urine of men and animals. Wiad. Parazytol. 47:
217-225.

Madden, K. B., K. A. Yeung, A. Zhao, W. C. Gause, F. D. Finkelman, I. M. Katona, J. F. Jr.

Urban, and T. Shea-Donohue. 2004. Enteric nematodes induce stereotypic STAT6-dependent
alterations in intestinal epithelial cell function. J. Immunol. 172: 5616-5621.

63



Malakauskas, A., and C. M. Kapel. 2003. Tolerance to low temperatures of domestic and
sylvatic Trichinella spp. in rat muscle tissue. J. Parasitol. 89: 744-748.

Malakauskas, A., C. M. Kapel, and P. Webster. 2001. Infectivity, persistence and serological
response of nine Trichinella genotypes in rats. Parasite. 8: S216-22.

Malakauskas, A., V. Paulauskas, T. Jarvis, P. Keidans, C. Eddi, and C. M. Kapel. 2007.
Molecular epidemiology of Trichinella spp. in three baltic countries: Lithuania, Latvia, and
Estonia. Parasitol. Res. 100: 687-693.

Marti, H. P., and K. D. Murrell. 1986. Trichinella spiralis: Antifecundity and antinewborn
larvae immunity in swine. Exp. Parasitol. 62: 370-375.

Marzio, L., P. Blennerhassett, S. Chiverton, D. L. Vermillion, J. Langer, and S. M. Collins.
1990. Altered smooth muscle function in worm-free gut regions of Trichinella-infected rats.
Am. J. Physiol. 259: G306-13.

McDermott, J. R., R. E. Bartram, P. A. Knight, H. R. Miller, D. R. Garrod, and R. K. Grencis.
2003. Mast cells disrupt epithelial barrier function during enteric nematode infection. Proc.
Natl. Acad. Sci. U. S. A. 100: 7761-7766.

McDermott, J. R., N. E. Humphreys, S. P. Forman, D. D. Donaldson, and R. K. Grencis.
2005. Intraepithelial NK cell-derived 1L-13 induces intestinal pathology associated with
nematode infection. J. Immunol. 175: 3207-3213.

Mikkonen, T., J. Valkama, H. Wihiman, and A. Sukura. 2005. Spatial variation of Trichinella
prevalence in rats in finnish waste disposal sites. J. Parasitol. 91: 210-213.

Miller, H. R. 1996. Mucosal mast cells and the allergic response against nematode parasites.
Vet. Immunol. Immunopathol. 54: 331-336.

Miller, H. R. 1987. Gastrointestinal mucus, a medium for survival and for elimination of
parasitic nematodes and protozoa. Parasitology. 94 Suppl: S77-100.

Moisan, P. G., M. D. Lorenz, P. C. Stromberg, and H. A. Simmons. 1998. Concurrent
trichinosis and oral squamous cell carcinoma in a cat. J. Vet. Diagn. Invest. 10: 199-202.

Mgiller, L. N., E. Petersen, H. R. Gamble, and C. M. O. Kapel. 2005. Comparison of two
antigens for demonstration of Trichinella spp. antibodies in blood and muscle fluid of foxes,
pigs and wild boars. Veterinary Parasitology. 115: 81-84.

Morales, M. A., R. Mele, M. Sanchez, D. Sacchini, M. De Giacomo, and E. Pozio. 2002.
Increased CD8(+)-T-cell expression and a type 2 cytokine pattern during the muscular phase
of Trichinella infection in humans. Infect. Immun. 70: 233-239.

Munday, J. S., K. Banyay, D. Aberdein, and A. F. French. 2011. Development of an injection

site sarcoma shortly after meloxicam injection in an unvaccinated cat. J. Feline Med. Surg. 13:
988-991.

64



Murrell, K. D., and F. Bruschi. 1994. Clinical trichinellosis. Prog. Clin. Parasitol. 4: 117-150.

Murrell, K. D., and E. Pozio. 2000. Trichinellosis: The zoonosis that won't go quietly. Int. J.
Parasitol. 30: 1339-1349.

Murrell, K.D., and E. Pozio. 2011. Worldwide occurrence and impact of human trichinellosis,
1986-2009. Emerg. Infect. Dis. 17: 2194-2202.

Nagano, I., Z. Wu, A. Matsuo, E. Pozio, and Y. Takahashi. 1999. Identification of Trichinella
isolates by polymerase chain reaction--restriction fragment length polymorphism of the
mitochondrial cytochrome c-oxidase subunit I gene. Int. J. Parasitol. 29: 1113-1120.

Nelson G.S. and Mukundi J. 1963. A strain of Trichinella spiralis from Kenya of low
infectivity to rats and domestic pigs. Journal of Helminthology. 28: 329-338.

Noble, E. R., G. A. Noble, G. A. Schad, and A. J. Maclnnes. 1989. Pages 574 in Parasitology.
the Biology of Animal Parasites. 6th eds. Lea & Fabiger, Philadelphia, USA.

Néreaho, A., S. Saari, S. Meri, and A. Sukura. 2009. Complement membrane attack complex
formation and infectivity of Trichinella spiralis and T. nativa in rats. Vet. Parasitol. 159: 263-
267.

Néreaho, A., S. Sankari, T. Mikkonen, L. Oivanen, and A. Sukura. 2000. Clinical features of
experimental trichinellosis in the raccoon dog (Nyctereutes procyonoides). Vet. Parasitol. 91:
79-91.

Nockler, K., F. J. Serrano, P. Boireau, C. M. Kapel, and E. Pozio. 2005. Experimental studies
in pigs on Trichinella detection in different diagnostic matrices. Vet. Parasitol. 132: 85-90.

Oivanen, L., C. M. Kapel, E. Pozio, G. La Rosa, T. Mikkonen, and A. Sukura. 2002a.
Associations between Trichinella species and host species in finland. J. Parasitol. 88: 84-88.

Oivanen, L., T. Mikkonen, L. Haltia, H. Karhula, H. Saloniemi, and A. Sukura. 2002b.
Persistence of Trichinella spiralis in rat carcasses experimentally mixed in different feed.
Acta Vet. Scand. 43: 203-210.

Oivanen, L., T. Mikkonen, and A. Sukura. 2000. An outbreak of trichinellosis in farmed wild
boar in finland. APMIS. 108: 814-818.

Oksanen, A., E. Lindgren, and P. Tunkkari. 1998. Epidemiology of trichinellosis in lynx in
finland. J. Helminthol. 72: 47-53.

Ortega-Pierres, M. G., L. Yepez-Mulia, W. Homan, H. R. Gamble, P. L. Lim, Y. Takahashi,
D. I. Wassom, and J. A. Appleton. 1996. Workshop on a detailed characterization of
Trichinella spiralis antigens: A platform for future studies on antigens and antibodies to this
parasite. Parasite Immunol. 18: 273-284.

65



Owen, R. 1835. Description of a microscopic entozoon infesting the muscles of the human
body. Trans. Zoolog. Soc. Lond. 1: 315-323.

Pannwitz, G., A. Mayer-Scholl, A. Balicka-Ramisz, and K. Néckler. 2010. Increased
prevalence of Trichinella spp., Northeastern Germany, 2008. Emerg. Infect. Dis. 16: 936-942.

Perez-Martin, J. E., F. J. Serrano, D. Reina, J. A. Mora, and I. Navarrete. 2000. Sylvatic
trichinellosis in Southwestern Spain. J. Wildl. Dis. 36: 531-534.

Poli, A., F. Abramo, F. Baldinotti, M. Pistello, L. Da Prato, and M. Bendinelli. 1994.
Malignant lymphoma associated with experimentally induced feline immunodeficiency virus
infection. J. Comp. Pathol. 110: 319-328.

Pozio, E. 2007. World distribution of Trichinella spp. infections in animals and humans. Vet.
Parasitol. 149: 3-21.

Pozio, E. 2005. The broad spectrum of Trichinella hosts: From cold- to warm-blooded
animals. Vet. Parasitol. 132: 3-11.

Pozio, E. 2001. New patterns of Trichinella infection. Vet. Parasitol. 98: 133-148.

Pozio, E. 1998. Trichinellosis in the european union: Epidemiology, ecology and economic
impact. Parasitology Today. 14: 35-38.

Pozio, E., A. Casulli, V. V. Bologov, G. Marucci, and G. La Rosa. 2001. Hunting practices
increase the prevalence of Trichinella infection in wolves from european russia. J. Parasitol.
87:1498-1501.

Pozio, E., D. Christensson, M. Steen, G. Marucci, G. La Rosa, C. Brojer et al. 2004.
Trichinella pseudospiralis foci in Sweden. Vet. Parasitol. 125: 335-342.

Pozio, E., and K. Darwin Murrell. 2006. Systematics and epidemiology of Trichinella. Adv.
Parasitol. 63: 367-439.

Pozio, E., C. M. Foggin, G. Marucci, G. La Rosa, L. Sacchi, S. Corona, P. Rossa, and S.
Mukaratirwa. 2002. Trichinella zimbabwensis n.sp. (Nematoda), a new non-encapsulated
species from crocodiles (Crocodylus niloticus) in Zimbabwe also infecting mammals. Int. J.
Parasitol. 32: 1787-1799.

Pozio, E., G. La Rosa, K. D. Murrell, and J. R. Lichtenfels. 1992a. Taxonomic revision of the
genus Trichinella. J. Parasitol. 78: 654-659.

Pozio, E., G. La Rosa, P. Rossi, and K. D. Murrell. 1992b. Biological characterization of
Trichinella isolates from various host species and geographical regions. J. Parasitol. 78: 647-
653.

Pozio, E., I. Miller, T. Jarvis, C. M. Kapel, and G. La Rosa. 1998. Distribution of sylvatic
species of Trichinella in Estonia according to climate zones. J. Parasitol. 84: 193-195.

66



Pozio, E., D. Sacchini, L. Sacchi, A. Tamburrini, and F. Alberici. 2001. Failure of
mebendazole in the treatment of humans with Trichinella spiralis infection at the stage of
encapsulating larvae. Clin. Infect. Dis. 32: 638-642.

Pozio, E., P. Varese, M. A. Morales, G. P. Croppo, D. Pelliccia, and F. Bruschi. 1993.
Comparison of human trichinellosis caused by Trichinella spiralis and by Trichinella britovi.
Am. J. Trop. Med. Hyg. 48: 568-575.

Ramaswamy, K., R. E. Goodman, and R. G. Bell. 1994. Cytokine profile of protective anti-
Trichinella spiralis CD4+ OX22- and non-protective CD4+ OX22+ thoracic duct cells in rats:
Secretion of IL-4 alone does not determine protective capacity. Parasite Immunol. 16: 435-
445,

Ranque, S., B. Faugere, E. Pozio, G. La Rosa, A. Tamburrini, J. F. Pellissier, and P. Brouqui.
2000. Trichinella pseudospiralis outbreak in France. Emerg. Infect. Dis. 6: 543-547.

Reina, D., M. C. Munoz-Ojeda, F. Serrano, J. M. Molina, and I. Navarrete. 1996.
Experimental trichinellosis in goats. Vet. Parasitol. 62: 125-132.

Ribicich, M., S. Krivokapich, M. Pasqualetti, C. L. Gonzalez Prous, G. M. Gatti, E. Falzoni,
T. Aronowicz, P. Arbusti, F. Farifia, and A. Rosa. 2013. Experimental infection with
Trichinella T12 in domestic cats. Vet. Parasitol. 194: 168-170.

Rislakki, V. 1956. Trikineista ja niiden esiintymisestd suomessa. [on the insidence of
trichinae in finland]. Suom Elainlaékaril. 62: 382-395.

Rodriguez de las Parras, E., M. Rodriguez-Ferrer, J. Nieto-Martinez, F. M. Ubeira, and T.
Garate-Ormaechea. 2004. Trichinellosis outbreaks in Spain (1990-2001). Enferm. Infecc.
Microbiol. Clin. 22: 70-76.

Rombout, Y. B., S. Bosch, and J. W. Van Der Giessen. 2001. Detection and identification of
eight Trichinella genotypes by reverse line blot hybridization. J. Clin. Microbiol. 39: 642-646.

Salinas-Tobon Mdel, R., A. Navarrete-Leon, B. E. Mendez-Loredo, D. Esquivel-Aguirre, D.
M. Martinez-Abrajan, and J. Hernandez-Sanchez. 2007. Trichinella spiralis: Strong antibody
response to a 49 kDa newborn larva antigen in infected rats. Exp. Parasitol. 115: 160-167.

Salmi T. 1978. Vaarallinen trikiini. miljoonien ihmisten sairaus olisi voitu valttaa pelkin
ennakkotoimin [dangerous Trichinella. sickness of millions of people could have been
avoided just by precautions]. Helsingin Sanomat. (Jan 11): 2.

Schad, G. A,, C. H. Duffy, D. A. Leiby, K. D. Murrell, and E. W. Zirkle. 1987. Trichinella
spiralis in an agricultural ecosystem: Transmission under natural and experimentally
modified on-farm conditions. J. Parasitol. 73: 95-102.

Schad, G. A., S. Nundy, A. B. Chowdhury, and A. K. Bandyopadhyay. 1967. Trichinella

spiralis in India. 11. characteristics of a strain isolated from a civet cat in Calcutta. Trans. R.
Soc. Trop. Med. Hyg. 61: 249-258.

67



Schmitt, N., J. M. Saville, J. A. Greenway, P. L. Stovell, L. Friis, and L. Hole. 1978. Sylvatic
trichinosis in British Columbia: Potential threat to human health from an independent cycle.
Public Health Rep. 93: 189-193.

Scudamore, C. L., M. A. Jepson, B. H. Hirst, and H. R. Miller. 1998. The rat mucosal mast
cell chymase, RMCP-I1, alters epithelial cell monolayer permeability in association with
altered distribution of the tight junction proteins ZO-1 and occludin. Eur. J. Cell Biol. 75:
321-330.

Scudamore, C. L., E. M. Thornton, L. McMillan, G. F. Newlands, and H. R. Miller. 1995.
Release of the mucosal mast cell granule chymase, rat mast cell protease-11, during
anaphylaxis is associated with the rapid development of paracellular permeability to
macromolecules in rat jejunum. J. Exp. Med. 182: 1871-1881.

Segelman, A. E. 1975. Letter: Alternate explanation for trichinosis associated with oral
carcinoma. J. Oral Surg. 33: 328.

Serrano, F., E. Perez, D. Reina, and I. Navarrete. 1992. Trichinella strain, pig race and other
parasitic infections as factors in the reliability of ELISA for the detection of swine
trichinellosis. Parasitology. 105: 111-115.

Shaikenov B. 1980. Spontaneous infection of birds with Trichinella pseudospiralis Garkavi,
1972. Folia Parasitologica. 27: 227-280.

Shaikenov, B. S. 1992. Ecological border of distribution of Trichinella nativa britov et boev,
1972 and T. nelsoni britov et boev, 1972. Wiad. Parazytol. 38: 85-91.

Shimoni, Z., Z. Klein, P. Weiner, M. V. Assous, and P. Froom. 2007. The use of prednisone
in the treatment of trichinellosis. Isr. Med. Assoc. J. 9: 537-539.

Smith, H. J., and E. K. Kay. 1987. Role of rats in the transmission of Trichinella spiralis
spiralis to swine. Canadian Veterinary Journal. 28: 604-604.

Soule, C., J. Dupouy-Camet, P. Georges, J. J. Fontaine, T. Ancelle, A. Delvigne, C. Perret,
and C. Collobert. 1993. [Biological and parasitic variations in horses infested and reinfested
by Trichinella spiralis]. Vet. Res. 24: 21-31.

Soulsby, E. J. L. 1982. Helminths, arthropods and protozoa of domesticated animals. 7th ed.
London, Bailliere Tindall.

Sukhdeo, M. V. 1991. The relationship between intestinal location and fecundity in adult
Trichinella spiralis. Int. J. Parasitol. 21: 855-858.

Sukura, A., A. Nareaho, T. Mikkonen, M. Niemi, and L. Oivanen. 2002. Trichinella nativa

and T. spiralis induce distinguishable histopathologic and humoral responses in the raccoon
dog (Nyctereutes procyonoides). Vet. Pathol. 39: 257-265.

68



Suzuki, T., T. Sasaki, H. Takagi, K. Sato, and K. Ueda. 2008. The effectors responsible for
gastrointestinal nematode parasites, Trichinella spiralis, expulsion in rats. Parasitol. Res. 103:
1289-1295.

Svensson, M., L. Bell, M. C. Little, M. DeSchoolmeester, R. M. Locksley, and K. J. Else.
2011. Accumulation of eosinophils in intestine-draining mesenteric lymph nodes occurs after
Trichuris muris infection. Parasite Immunol. 33: 1-11.

Swartz, J. M., K. D. Dyer, A. W. Cheever, T. Ramalingam, L. Pesnicak, J. B. Domachowske,
J.J. Lee, N. A. Lee, P. S. Foster, T. A. Wynn, and H. F. Rosenberg. 2006. Schistosoma
mansoni infection in eosinophil lineage-ablated mice. Blood. 108: 2420-2427.

Tarca, A.L., S. Draghici, P. Khatri, S.S. Hassan, P. Mittal, J.S. Kim, C.J. Kim, J.P. Kusanovic
and R. Romero. 2009. A novel signaling pathway impact analysis. Bioinformatics. 25: 75-82.

Tomasovicova, O., J. Corba, K. Havasiova, M. Rybos, and A. Stefancikova. 1991.
Experimental Trichinella spiralis infection in sheep. Vet. Parasitol. 40: 119-126.

Urban, J. F.,Jr, L. Schopf, S. C. Morris, T. Orekhova, K. B. Madden, C. J. Betts, H. R.
Gamble, C. Byrd, D. Donaldson, K. Else, and F. D. Finkelman. 2000. Stat6 signaling
promotes protective immunity against Trichinella spiralis through a mast cell- and T cell-
dependent mechanism. J. Immunol. 164: 2046-2052.

Vallance, B. A., P. A. Blennerhassett, and S. M. Collins. 1997. Increased intestinal muscle
contractility and worm expulsion in nematode-infected mice. Am. J. Physiol. 272: G321-7.

Vallance, B. A., P. A. Blennerhassett, Y. Deng, K. I. Matthaei, I. G. Young, and S. M.
Collins. 1999. IL-5 contributes to worm expulsion and muscle hypercontractility in a primary
T. spiralis infection. Am. J. Physiol. 277: G400-8.

Vermillion, D. L., and S. M. Collins. 1988. Increased responsiveness of jejunal longitudinal
muscle in Trichinella-infected rats. Am. J. Physiol. 254: G124-9.

Villella JB. 1970. Life Cycle and Morphology. Pages 19-60 in Trichinosis in Man and
Animals. Gould SE, ed. Charles C. Thomas, Springfield, 1llinois USA.

Virchow M.R. 1859. Recherches sur le développement du Trichina spiralis. Comptes Rendus
Hebdomadaires Des Séances De 1’ Académie Des Sciences. 49: 660-662.

Wakelin, D., and P. K. Goyal. 1996. Trichinella isolates: Parasite variability and host
responses. Int. J. Parasitol. 26: 471-481.

Wakelin, D., and M. M. Wilson. 1979. T and B cells in the transfer of immunity against
Trichinella spiralis in mice. Immunology. 37: 103-109.

Wang, X. L., B. Q. Fu, S. J. Yang, X. P. Wu, G. Z. Cui, M. F. Liu, Y. Zhao, Y. L. Yu, X. Y.

Liu, H. K. Deng, Q. J. Chen, and M. Y. Liu. 2009. Trichinella spiralis--a potential anti-tumor
agent. Vet. Parasitol. 159: 249-252.

69



Wang, X. L., M. Y. Liu, S. M. Sun, X. L. Liu, L. Yu, X. R. Wang, L. X. Chu, B. Rosenthal,
H. N. Chi, P. Boireau, F. Wang, Y. Zhao, and X. P. Wu. 2013. An anti-tumor protein
produced by Trichinella spiralis induces apoptosis in human hepatoma H7402 cells. Vet.
Parasitol. 194: 186-188.

Watt, G., S. Saisorn, K. Jongsakul, Y. Sakolvaree, and W. Chaicumpa. 2000. Blinded,
placebo-controlled trial of antiparasitic drugs for trichinosis myositis. J. Infect. Dis. 182: 371-
374.

Webster, P., and C. M. Kapel. 2005. Intestinal establishment and reproduction of adult
Trichinella spp. in single and mixed species infections in foxes (Vulpes vulpes). Vet. Parasitol.
130: 245-253.

Wranicz, M. J., W. Cabaj, and B. Moskwa. 1999. Trichinella spiralis: The infectivity of
synchronous newborn larvae of different ages inoculated intraocularly. Parasitol. Res. 85:
290-292.

Zarlenga, D. S., M. B. Chute, A. Martin, and C. M. Kapel. 1999. A multiplex PCR for
unequivocal differentiation of all encapsulated and non-encapsulated genotypes of
Trichinella. Int. J. Parasitol. 29: 1859-1867.

Zarlenga, D. S., and G. La Rosa. 2000. Molecular and biochemical methods for parasite
differentiation within the genus Trichinella. Vet. Parasitol. 93: 279-292.

70



71



