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1. INTRODUCTION

Unlike human schistosomes (genus Schistosoma) that occur in tropical and subtropical areas,
bird schistosomes are cosmopolitan and can be found even in cold areas of northern Europe
(Thors and Linder 2001; Larsen et al. 2004; Aldhoun ef al. 2009; Soleng and Mehl 2010). It
was generally accepted that human infections caused by bird schistosomes do not result in
severe health disorders and, therefore, they attracted less attention comparing with infections
by Schistosoma spp. In the past, human infections by avian schistosomes were mostly
associated with skin symptoms, however, recent results suggest that also other health
disorders might occur (Hordk and Koléafova 2011).

Although, bird schistosomes can mature only in the specific bird host, their infective larval
stage (cercaria) posses an ability to invade skin of mammals, including humans. In humans,
repeated exposures to cercariae lead to development of skin inflammatory reaction called
cercarial dermatitis or “swimmer’s itch” which is a disease considered to emerge all over the
world (Horak and Kolafova 2001; Horak and Kolarova 2005; Horak and Kolarova 2011).

The most intensively studied genus Trichobilharzia includes parasites, adults of which inhabit
either visceral or nasal areas of their bird hosts (Blair and Ottesen 1979). The present thesis
focuses on species Trichobilharzia regenti. In comparison with other species of the genus, T.
regenti exhibits an unusual mode of behavior within the definitive host (Hordk et al. 1999).
After penetration into the skin, schistosomula are able to invade peripheral nerves and
continue via the central nervous system (CNS) to the nasal cavity of the birds. Study on
experimentally infected mice revealed that schistosomula are able to migrate also into the
CNS of non-specific mammalian host. During CNS involvement, the infections of both
specific and non-specific hosts can result in leg paralysis, balance and orientation disorders
and even death (Horék et al. 1999; Kolatova et al. 2001).

Objective of the introduction is to summarize knowledge about immuno-pathogenic effect of
bird schistosome Trichobilharzia regenti. The first two parts deal with the life cycle of bird
schistosomes and the process of skin penetration of the definitive host by schistosome larvae
(cercariae). Further, interactions of mammalian immune system and bird schistosomes in
comparison with human schistosomes of the genus Schistosoma are discussed. Pathogenic
effect of helmith neuroinfections with emphasis on 7. regenti schistosomula is characterized
in section 1.6. The last part shortly outlines the potential of schistosomes in modulation of

immune response to prevent autoimmune diseases development.
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1.1. Life cycle

In the life cycle of bird schistosomes of the genus Trichobilharzia, water snails and waterfowl
are employed as intermediate and definitive hosts, respectively. The development in snails
ends by production of free swimming cercariae; in definitive hosts the parasites mature and
lay eggs. The eggs of visceral Trichobilharzia species are deposited in capillaries of the target
organs, then pass through tissue to lumen of the intestine and, subsequently, leave the host
with feces; when they come into water, miracidia hatch from the eggs and actively search for
intermediate hosts (snails) (Horak ef al. 2002). In case of the nasal species T. regenti, the eggs
are deposited in the nasal mucosa, where they mature and miracidia hatch directly within the
host tissue (i.e. without water-contact stimulus) (Horak et al. 1998).

Miracidia of the genus Trichobilharzia usually have a narrow specificity towards the
intermediate hosts in which miracidium penetrates and multiplies via two generations of
sporocysts to thousands fork-tailed infective larvae (cercariae). Leaving the snail, cercariae
start to search for the skin of vertebrate hosts; they swim with positive phototactic and
geonegative orientation, and react sensitively to physical and chemical stimuli, e.g. shadow,
water turbulence, warmth and duck-foot skin lipids - cholesterol and ceramides (Feiler and
Haas 1988a; Feiler and Haas 1988b). After initial contact with the hosts, the penetration of 7.
ocellata cercariae into the host skin is mainly stimulated by fatty acids (Haas and van de
Roemer 1998).

In the skin of definitive host (birds), schistosomula move through the skin layers towards their
definitive location and, therefore, require again an information for their orientation. The
studies on visceral schistosomes showed that schistosomula use negative photo-orientation to
move away from the light source towards darker locations (Grabe and Haas 2004a). The other
stimulus involved in navigation of visceral schistosomula is represented by concentration
gradient of chemicals, such as D-glucose and L-arginine (Grabe and Haas 2004b).
Unfortunately, data about the orientation of nasal species 7. regenti are not complete and
published at present.

After escaping the skin, further development in a host body depends on the biology of
particular schistosome species. Parasites find specific routes for migration through the host
body in order to reach the site of their final localization. Schistosomula of visceral
Trichobilharzia species enter the blood vessels and continue their migration into the lungs of

avian definitive host (Bourns et al. 1973) as well as experimental mammalian hosts (Olivier
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1953; Haas and Pietsch 1991). The worms persist several days in the host lungs, and then they
migrate via blood vessels to the place of final location in the intestinal-hepatic area.
Frequently in the veins and tissue of the gut, parasites develop to adult worms and lay eggs
(Bourns et al. 1973). The eggs are released from the host intestine with feces (for a review see
Horék et al. 2002). The passage of schistosomula through the host body may cause tissue
injury and trigger inflammatory reaction in different tissues, and the eggs represent
pathogenic agent causing enteritis of the definitive hosts (van Bolhuis et al. 2004).

The small group of nasal schistosomes is represented by species, adult worms of which occur
in the nasal tissue of their definitive host. Location in the nasal area has been documented for
nine species till present; one mammalian species represented by Schistosoma nasale and eight
species of the genus Trichobilharzia — T. nasicola, T. rodhaini, T. spinulata, T. aureliani, T.
duboisi, T. australis, T. arcuata, T. regenti (Hordk et al. 1998). The life cycle of nasal
Trichobilharzia species has not been completely described yet, except for 7. regenti.
Transformed schistosomula of 7. regenti seek after the peripheral nerves, and migrate
through/along them into the spinal cord. Then the parasites continue migration through the
brain to the nasal area of the definitive host, where they mature and lay eggs (Hordk et al.
1999; Hradkova and Hordk 2002). Penetrating cercariae and migrating schistosomula
represent important pathogenic agents causing skin inflammatory reaction, and injury and
immune reactions in the host CNS, respectively (Kolafova et al. 2001; Hradkovéa and Horak,
2002; Koutilova et al. 2004a; Koutilova et al. 2004b). Similarly to other schistosomes, the
eggs of T. regenti trigger inflammatory reaction in adjacent tissue in the nasal area (Chanova
and Horak 2007).

Except for compatible hosts (waterfowl), bird schistosomes are able to infect non-compatible
mammalian hosts. However, the parasites never mature and complete their development in

mammals and they die at some point after the infection.
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Fig.1. Life cycle of T. regenti

1.2. Invasion of the host skin

Cercariae of bird schistosomes actively find and penetrate skin of their definitive hosts.
However, they are also able to invade skin of mammals, including human skin. After being
released from the snail intermediate hosts, bird schistosome cercariae tend to cling to the
water surface in a resting posture. They react sensitively to minor shadow stimuli and start to
swim with negative phototactic orientation from the water surface toward the definitive host
(Feiler and Haas 1988a).

After attachment to duck or human skin, cercariae perform leech-like creeping behavior in
order to find out a suitable penetration site (Haas and van de Roemer 1998). In contrast to
human schistosomes of S. mansoni cercariae of which penetrate into smooth skin areas, bird
schistosome cercariae prefer wrinkles and hair follicles as suitable entry sites (Haas and
Haeberlein 2009). Study on S. mansoni and S. japonicum revealed differences in speed of
their migration through the mammalian skin (Wang et al. 2005). Migration from the
epidermis into the dermis was significantly quicker in S. japonicum than S. mansoni, and S.

Jjaponicum did not stay in the skin of experimental mice longer than a day (He et al. 2002;



Wang et al. 2005). Similarly, 7. szidati cercariae invade the human skin with a higher
efficiency than S. mansoni. They are able to find the entry sites much faster than cercariae of
S. mansoni and also their penetration through the skin is more rapid (Haas and Haeberlein
2009).

Cercarial penetration of the skin is stimulated by fatty acids (Haas and van de Roemer 1998).
According to study of Haas and Haeberlein (2009), 7. szidati cercariae respond to linolenic
acid more sensitively if compared with S. mansoni. This feature seems to represent an
adaptation to invade the duck skin with a lower content of free fatty acids than human skin
(Haas and Haeberlein 2009). Therefore, human skin rich in surface lipids is likely more
attractive for bird schistosome cercariae than duck-foot skin (Haas and van de Roemer 1998).
Penetration through the skin is supported and facilitated by a number of proteolytic enzymes
released from cercarial circum- and post-acetabular glands immediately after attaching the
host skin. In case of bird schistosomes, secretion of the glands is stimulated mainly by fatty
acids and also by ceramides and cholesterol (Haas and Haeberlein 2009). These secretions
account for about one-third of the cercarial body mass (Harrop and Wilson 1993) and contain
many of potentially antigenic proteins. The most important penetration enzyme of S. mansoni
is probably serine protease, elastase (Salter et al. 2000). Nevertheless, similarly as for S.
Jjaponicum Mikes et al. (2005), Kasny et al. (2007) and Dvortak et al. (2008) did not find any
elastase activity in the secretions of 7. szidati and T. regenti cercariae. However, cathepsin B-
like activity was detected in the three species mentioned above. This enzyme from cercarial
penetration glands is considered to be the main component in penetration process (Mike$ et
al. 2005; Kasny et al. 2007; Dvoték et al. 2008). The same type of enzymes could be the
reason for similar speed of S. japonicum and Trichobilharzia cercariae (Haas and Haeberlein
2009). Cathepsin B identified in extracts of 7. regenti schistosomula is believed to facilitate
migration of the parasite through the nervous tissue due to its ability to degrade myelin basic
protein (Dvotak et al. 2005).

Fatty acids seem to stimulate not only penetration into the host skin, but also transformation
of the tegument as a part of parasite immune evasion (Haas and van de Roemer 1998).
Penetration of larvae into the host skin is accompanied by cercaria/schistosomulum
transformation with reconstruction of the tegumental surface. Transformation starts with the
loss of'tail, a process supported by a sphincter muscle in the cercarial hindbody (Haas and van

de Roemer 1998), then cercariae shed glycocalyx and start to form a surface double



membrane. Creation of a new surface is accompanied by disappearance of lectin and antibody

targets on the surface of schistosomula (Horak ef al. 1998).

1.3. Cercarial dermatitis

In humans, the skin infection leads to development of inflammatory reaction known as
swimmer’s itch or cercarial dermatitis. Cercarial dermatitis can occur in any location all over
the world where people come in contact with water bodies containing snails infected by bird
schistosomes (Brant and Loker 2009). During the past several years the infections with bird
schistosomes have been documented in new regions, e.g. in the southwest of the United States
(Brant and Loker 2009), central Chile (Valdovinos and Balboa 2008) and the United
Kingdom (Fraser ef al. 2009). Cercarial dermatitis is regarded to be a re-emerging infection
(Horak a Kolarova 2011), nevertheless, the incidence of cercarial dermatitis is still unknown.
In Iceland, cercarial dermatitis has been reported several times since the first confirmation in
1997 (Skirnisson et al., 2009). Schets et al. (2008) reported about cases of presumptive
cercarial dermatitis in freshwater lakes in the Netherlands that occurred each summer from
2000 to 2008 (Schets and de Roda Husman 2005, Schets ef al. 2008). Also in France (Vuong
et al. 2002) and Switzerland (Chamon ef al. 1998) cercarial dermatitis seems to occur more
frequently during the last years. Caumes et al. (2003) reported about many cases of cercarial
dermatitis developed after swimming in Lake Annecy in France and Fraser et al. (2009)
brought short report about cercarial dermatitis which manifested after bathing in a freshwater
loch in eastern Scotland. The northernmost cases of cercarial dermatitis in Europe originate
from Norway, where an increasing number of cases has been recorded since the first report in
1980 (Soleng and Mehl 2010).

Risk of the onset of cercarial dermatitis increases with the number of water exposures.
Higher incidence of the infection is connected with bathing in shallow water which is a
typical habitat for water snails and, therefore, a place where cercariae tend to accumulate
(Verbrugge et al. 2004). Penetration of cercariae into the skin may lead to immediate
prickling sensation that lasts for about 1 hour (Chamot et al. 1998). Severity and intensity of
cercarial dermatitis depends on various factors including the number and duration of
exposures to the cercariae, and host immune status, i.e., history of cercarial dermatitis, and
individual susceptibility to the infection by the cercariae (Chamot et al. 1998). After primary

infection, the skin reaction is inapparent or mild with small and transient macules or
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maculopapules which develop after 5-14 days (Chamot ef al. 1998). The main phase of the
disease occurs after repeated infections and results in a strong inflammatory reaction against
the parasites (Augustine and Weller 1949) when the skin disease manifests by maculo-papulo-
vesicular eruptions accompanied by intensive itching and, occasionally, by erythema, fever,
local lymph node swelling, oedema; massive infections may also cause nausea and diarrhea
(for a review see Hordk et al. 2002). Skin lesions always develop only on parts of the body
that were in contact with cercariae, including the parts under swimming suits (Kolafova et al.
1989).

Diagnosis of cercarial dermatitis is based on anamnestic data and clinical findings (Meinking
et al. 2003). Some work has been done using serological tests for confirmation of the
diagnosis (Bechtold et al. 1997). Nevertheless, the immunological tests are not routinely

available and laboratory confirmation of causative agents of the dermatitis remains difficult.
1.4. Host immune response

Clinical pattern of cercarial dermatitis is linked with histopathological reactions to the
infection. Ramaswamy et al. (1997) observed that inflammation is one of the earliest signs of
the host response against human schistosomes in the skin of immunized animals.
Histopathological study showed a low number of infiltrating neutrophils and mononuclear
cells in the skin of naive mice infected with S. mansoni. In contrast, more severe cellular
reaction was observed in the mouse skin after repeated infections with S. mansoni
(Ramaswamy et al. 1997). Similarly as for human schistosomes, infections of mice with the
bird schistosomes 7. szidati (T. ocellata) and T. regenti initiate development of skin immune
reaction (Bahgat et al. 2001; Koutilova et al. 2004a). Moreover, repeated infections with bird
schistosomes have less harmful impact on hosts, whereas pathogenic effect of repeated
infection with human schistosomes often leads to dead of experimental animals. Therefore,
bird schistosomes represent useful model which enable study of the skin immune response
against repeated infections (Mountford and Trottein 2004).

Primary mouse infections with 7 regenti lead to an acute inflammatory reaction with oedema,
vasodilatation and tissue infiltration by neutrophils, macrophages, mast cells, MHC II antigen
presenting cells (APCs) and a weak infiltration by CD4" lymphocytes; repeated infections
cause substantially elevated infiltration of all cells mentioned above (Koutilova ef al. 2004a;

Kouftilova et al. 2004b). Immunohistochemical staining showed that, within the first 48 h p.i.,
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proliferation of CD4+ lymphocytes and macrophages was restricted only on the site of
penetration of 7. regenti cercariae into the mouse skin; 8 d.p.i. it was possible to detect
increased tissue infiltration by CD4+ lymphocytes and macrophages around the penetration
site (L. Lichtenbergova, unpublished).

Repeated infections of mice led to massive infiltration of the skin by CD4+ lymphocytes and
macrophages. 6 h post the last infection, an increased proliferation of both types of the cells
was detected mainly around the penetration site of 7. regenti cercariae, whereas within the
next days the entire tissue area was infiltrated by a high number of these cells (L.
Lichtenbergova, unpublished) (Fig.2, 3). CD4" cells, number of which significantly increases
in the skin after challenge infections, are potential source of IL-4 associated with Th2
response (Koufilové et al. 2004a). Skin immune response to the infection lead to capture and
elimination of the majority of larvae in the skin. Decline in the number of parasites able to
escape from the skin and migrate further to the CNS is much faster in repeatedly infected
animals (Koufilova ef al., 2004a). Massive influx of the cells to the area around parasites
potentially inhibits their movement through the skin, and thereby delays their migration

(Kumar and Ramaswamy, 1999).
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Fig. 2. CD4+ lymphocyte infiltrates in the skin of mice experimentally infected with 7.

regenti. Cercariac invaded the skin; they initiated influx of CD4+ lymphocytes (arrowhead) and
development of lesion in the site of penetration. Mouse skin: A — skin tissue of non-infected mouse;
skin tissue of re-infected mouse: B — 6h after the 4™infection; C —24h after the 4™ infection; D — 4 days
after the 4™ infection. Arrows indicate the site of penetration of cercariae. In all cases, unspecific
reaction with the skin surface was detected. Rat anti-mouse CD4+, purified antibody (AbD Serotec),
Anti-rat IgG, FITC conjugated antibody (Abcam). Scale bar = 50 um.
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Fig. 3. Accumulation of macrophages in the skin of 7. regenti re-infected mice. Penetration
of cercariae led to macrophage infiltration (arrowhead) of the mouse skin: A — skin tissue of non-
infected mouse; skin tissue of re-infected mouse: B — 6h after the 4™ infection; C — 24h after the 4™
infection; D — 4 days after the 4™ infection. Arrows indicate the site of penetration of cercariae. In all
cases, unspecific reaction with the skin surface was detected. Rat anti-mouse F4/80, purified antibody
(Biolegend), Anti-rat IgG, FITC conjugated antibody (Abcam). Scale bar = 50 pm.

Entry of inflammatory cells (lymphocytes and neutrophils) from systemic circulation into the
skin is facilitated by cytokine-induced expression of adhesion molecules, especially
intercellular adhesion molecule-1 (ICAM-1), on the surface of endothelial cells (Steeber and
Tedder 2000). Binding and subsequent migration through the endothelium is mediated
predominantly by the LFA-1/ICAM-1 interactions (Steeber and Tedder 2000). Ramaswamy et
al. (1997) detected an increased expression of ICAM-1 in the dermis and hypodermis of
immune mice (repeatedly infected or vaccinated by S. mansoni). The highest expression of
ICAM-1 was observed on cutaneous cells around S. mansoni schistosomula, where extensive
cellular reaction occurred. Expression of ICAM-1 was also detected on epidermal cells around
the migratory trails of schistosomula, and endothelial cells lining the capillaries in the dermis
and hypodermis of immune mice (Ramaswamy et al. 1997). In contrast, ICAM-1 expression
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was low or absent on cutaneous cells adjacent to S. mansoni schistosomula in the skin of
naive mice (Ramaswamy et al. 1997). It is possible that the low or none ICAM-1 expression
in the skin of naive mice may contribute to the diminished cutaneous inflammatory reaction
against the parasite (Ramaswamy et al. 1997).

Trichobilharzia regenti primo-infection leads to the development of inflammatory reaction in
the murine skin within 1-6 h after exposure (Koufilové et al. 2004a). The inflammation is
accompanied by a transient release of acute phase cytokines (IL-1f and IL-6) and steadily
increasing amounts of [L-12 which correlates with higher Thl-associated IFN-y production by
cells from skin-draining lymph nodes (Koufilova et al. 2004a). INF-y and IL-12 promote Th1
cell differentiation, whereas IL-6 is cytokine associated with Th2 polarization (Brunet et al.
1998) and it is detected as one of the first cytokines after 7. regenti infection (Koufilova et al.
2004a). Similarly, the study of Hogg et al. (2003) on S. mansoni illustrates rapid host immune
response to parasite penetration with production of acute—phase cytokines, such as IL-1 and
IL-6. In the early phase of re-infection with 7. regenti cercariae, infiltration of mouse skin
with inflammatory cells was also accompanied by oedema caused by local vascular
permeability that was initiated by histamine produced by activated mast cells and basophils
(Koufilova et al. 2004a). Degranulation of mast cells and basophils with release of histamine
and IL-4 is realized after the binding of IgE-antigen complex via high affinity receptors FceRI
on the cell surface (Falcone et al. 2000; Kawakami and Galli 2002). Histamine has been
previously described as a potent effector of both Thl and Th2 responses as well as
immunoglobulin synthesis (Banu and Watanabe 1999; Jutel et al. 2001). Repeated infections
evoke dominant production of Th2-type cytokines, and the first and most abundant cytokine
detected after repeated infections in the skin is IL-6, which can initiate Th2-type polarization
via induction of IL-4 (Rincon ef al. 1997). Within 1 hour after the penetration of 7. regenti
cercariae a massive upregulation of IL-4 and IL-10 can be observed, and the level of these
cytokines declines after 48 h. This upregulation during 7. regenti infection is accompanied by
release of histamine and proliferation of mast cells (Koufilova ef al. 2004a). IL-4 plays also a
crucial role in the development of Th2-type immune responses to S. mansoni antigens and
regulation of immunoglobulin isotype switching to IgE (Falcone ef al. 1996).

Helminths are considered to be the most effective and reliable inducers of IgE and Th2
responses, although this ability can be restricted to a specific developmental stage of the
parasitic worms (Bell 1996, Pritchard et al. 1997). For example, implantation of different
developmental stages of the nematode Brugia malayi into mice showed that the presence of

15



adult worms induced IL-4 production, whereas microfilariae promoted production of IFN-y
(Lawrence et al. 1994). Similarly, infections of mice with S. mansoni lead to a development
of Th2 response elicited by the eggs, whereas schistosomulum stage induces a Thl-like
response (Falcone et al. 1996). It is of interest that cercariae of the bird schistosome 7. regenti
induce a mixed Thl/Th2 response in mice after primary infection, but after repeated
infections cercarial penetration into the skin leads to the development of Th2 polarized
immune response which is a probable cause of parasite elimination (Koufilova et al. 2004a).
A possible explanation can be found in the ability of E/S products of both human and bird
schistosome cercariae to induce mast cell and basophil degranulation, and production of IL-4
(Machado ef al. 1996; Koutilova et al. 2004a; Lichtenbergova et al. 2008).

Domination of Th-2 polarization of the immune response after repeated 7. regenti infections
was confirmed by detection of antigen-specific antibody levels. Increase of Th2-associated
antigen-specific IgG1 and IgE antibodies was demonstrated in sera of mice repeatedly
infected with 7. regenti (Lichtenbergova et al. 2008). Similarly as in the study of Koufilova et
al. (2004a), the elevated levels of antigen-specific IgG1 and IgG2b antibodies after the T.
regenti primary infection indicated development of a mixed Th1/Th2 antibody response,
whereas repeated infections induced increase of IgG1 antibody level, and the level of Thl-
associated IgG2b antibody declined (Lichtenbergova et al. 2008).

During T. regenti primary infection, IgM response against glycan structures of cercariae and
their E/S products was observed. This indicates that the early antibody response is directed
against the components of highly antigenic cercarial glycocalyx as well as against
glycoproteins contained in excretory/secretory (E/S) products of the circum- and post-
acetabular glands of cercariae (Lichtenbergova et al. 2008). It seems that helminth glycans
generally drive anti-inflammatory responses and promote Th2-type responses (Thomas and
Harn 2003).

Examination of the mouse skin biopsies showed an elevated histamine production detected
within 1 h after 7. regenti re-infection which correlated with an increase in number of
degranulating mast cells and elevated levels of serum IgE in re-infected mice (Koufilova et al.
2004a). Mast cells together with basophils are the major source of granule-stored histamine
(Jutel et al. 2002) and are considered to be important effector cells in Th2-associated allergic
reactions (Kawakami and Galli 2002) as well as in immune responses associated with Th2
cells and IgE production during helminth infections (Bell 1996). Both cells can be rapidly
recruited to the sites of infection and draining lymph nodes where they produce IL-4 and/or
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IL-13 (Cadman and Lawrence 2010). Re-infection with 7. regenti was also accompanied by
increase in IL-4 released from mast cells in the mouse skin. It is suggested that the production
of histamine and IL-4 immediately after the last infection of re-infected mice was realized via
IgE-dependent mast cell degranulation (Koufilova ef al. 2004a).

Like mast cells, basophils possess high-affinity IgE surface receptors FceRI that, after
antigen-specific cross-link, induce production and release of mediators such as histamine and
IL-4 (Turner and Kinet 1999). In contrast to mast cells and eosinophils, basophils are not
found in healthy tissues, but their level in the tissue rapidly increases during inflammatory
reaction (Falcone et al. 2001). Basophil migration into the sites of inflammation is facilitated
by several resident cells which release factors initiating adhesion to the microvascular
endothelium, transendothelial migration and finally locomotion through the tissues (Gibbs
2005). Basophils may play a crucial role in modulation of the immune response to helminth
infections associated with elevated levels of IgE due to their ability to rapidly produce and
release cytokines (IL-4 and IL-13) involved in Th2 responses (Falcone ef al. 2000; Gibbs et
al. 2000). In mice infected by Nippostrongylus brasiliensis or human filarial infections
basophils have been identified as the main source of IL-4 production (Min et al. 2004; Mitre
et al. 2004). Stimulation of basophils from uninfected (parasite naive) individuals with S.
mansoni egg antigens (Falcone et al. 1996; Haisch et al. 2001) and extracts from
metacestodes of Echinococcus multilocularis (Aumiiller et al. 2004) led to basophil
degranulation and secretion of histamine, IL-4 and IL-13. Similarly, stimulation of basophils
from healthy (non-sensitized) humans by homogenate of cercariae and excretory/secretory
(E/S) products of T. regenti cercariac revealed that these antigens induce basophil
degranulation and release of IL-4 (Lichtenbergova et al. 2008). The antigens stimulated
basophil release of IL-4 in a dose-dependent manner, and antigens from E/S products were
more potent inducers of IL-4 release than cercarial homogenate (Lichtenbergova et al. 2008).
Elevated levels of skin mast cells (Koufilova et al. 2004a) and high titres of IgE in 7. regenti
repeatedly infected mice (Lichtenbergova et al. 2008) showed that the cells of mast
cell/basophil lineage play an important role in the development of Th2 responses during

Trichobilharzia infections.
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1.5. Mechanisms of schistosome immune response evasion

1.5.1. Schistosomulum transformation

After penetration into the host skin, cercariae transform to schistosomula by getting rid of
tails, releasing E/S products and rebuilding their surface (Samuelson and Caulfield 1985). E/S
products of human as well as bird schistosome cercariae, mainly the products released by the
transforming larvae, are rich in components of the glycocalyx and secretions of the circum-
and post-acetabular glands (Samuelson and Caulfield 1982; Mikes et al. 2005). Although
substantial part of the glycocalyx is removed by cercariae during their penetration (Samuelson
and Caulfield 1982), some of the glycocalyx components remain on the surface of
schistosomula for some time after the transformation (Samuelson and Caulfield 1982; Wang
et al. 2005). Loss of residual glycocalyx is accompanied by decrease in antibody binding and
complement fixation (Samuelson et al. 1980). Glycocalyx represents the major moiety on
cercarial surface, and is likely the major component responsible for complement activation
(Samuelson and Caulfield 1986). Proteases secreted by transforming schistosomula of S.
mansoni play a role in shedding of the glycocalyx, and also are able to cleave C3b component
of the human complement system. Cleavage of C3b molecules bound on schistosomulum
surface prevents activation of the complement system and opsonization of the parasite
(Marikovsky et al. 1988). Therefore, shedding of the glycocalyx might represent an important
evasion strategy (Abath and Werhauser 1996).

Tegument of schistosomes is a dynamic host-interactive layer involved in nutrition, immune
evasion and modulation, excretion, osmoregulation, sensory reception and signal transduction
(Jones et al. 2004). Tegument is represented by a syncytium of fused cells surrounding the
entire worm (van Hellemond et al. 2006). Electron micrograph analysis of the tegument
transformation revealed large quantities of vacuoles which rapidly appear in the tegument
during the first hours of cercarial transformation (Hockley and McLaren 1973). These
vacuoles had a double bilayer membrane and contained additional membraneous content.
Many of the vacuoles fused with the outer membrane of the tegument and their membraneous
content became spread out over the surface of the worm. Therefore, it seems that these
membraneous vacuoles are involved in formation of the double bilayer of the outer
tegumental membrane (Hockley and McLaren 1973). Second type of membraneous bodies,
elongate or discoid bodies, was observed in large numbers in the tegument, and these discoid

bodies appeared 3 h following schistosome transformation when the double-bilayer
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membrane has been formed (Hockley and McLaren 1973). Localization of glucose transport
protein SGTP4 in tegumental multilamellar bodies and discoid bodies as well as the surface
lipid bilayers suggest that these bodies are involved in the biogenesis of the tegumental
surface (Jiang et al. 1996). Hockley (1973) observed elongated bodies and membraneous
vesicles also in the tegument of the adult male of S. mansoni. Electron microscopy
examination of the adult tegument showed presence of elongated bodies (100 to 150 nm in
length, 20 to 30 nm in width) in the area close to the tegumental outer membrane (Gobert et
al. 2003). Within the tegumental matrix, large spherical bodies (150-200 nm in diameter)
were observed. Further, small spherical vesicles (75 to 150 nm in diameter) closely associated
with the base of infolding of the surface membrane were detected (Gobert ef al. 2003). Both
bodies are probably synthesized in Golgi region of the subtegumental cells and continuously
transported to the tegument by cytoplasmic channels (bridges) (Wilson and Barnes 1974).

Two lipid bilayers form the surface membrane with many pits and invaginations that enlarge
the surface of schistosomes (Gobert ef al. 2003) and may facilitate nutritional uptake or
prevent host immune response by internalizing antibodies (Skelly and Wilson 2006).
Dynamic changes of the tegument may help the parasite to avoid immune-mediated damage
by reducing antigenicity of the worm outer surface (Skelly and Wilson 2006). Continual
shedding of the surface, particularly of the damaged areas, could lead to removal of immune
complexes formed on the external membrane of schistosomes (Abath and Werhauser 1996).
This syncytial tegument is a successful adaptation to parasitism that enables parasite survival

in the hostile internal environment of their hosts (Mulvenna ef al. 2010).

1.5.2. Other evasion mechanisms

Parasites of the family Schistosomatidae possess several successful adaptations for survival in
the hostile internal environment of their hosts. Generally, parasites use mainly these
mechanisms of immune evasion: 1) modification of the host immune response by parasite
molecules or by changes of host effector cell regulation, 2) antigenic variation - fast changes
of antigen expression in order to avoid any efficient host immune response, or antigen
mimicry - expression of surface epitopes identical or similar to host molecules, 3) acquisition
of host products onto the tegument to mask its foreign origin (Salzet et al. 2000; Loukas et al
2001). Characterization and description of the escape mechanisms is not the aim of the thesis,
but these mechanisms are closely related to the development of the host immune response

and, therefore, some of these evasion strategies are described below.
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During the penetration into the host, cercariae release (except for penetration enzymes) many
molecules serving for different purposes; one of these molecules is a phospholipid identified
as lysophosphatidylserine (Kusel et al. 2007) which stimulates innate immune responses in
peripheral blood mononuclear cells of naive hosts, and leads to maturation of dendritic cells
by interaction with Toll-like receptor 2 (Van der Kleij et al. 2002). Fully matured dendritic
cells are capable to induce Th2 response and production of IL-10 (Van der Kleij ef al. 2002).
In addition, lysophosphatidylserine can also act as a detergent and thus, it may probably react
with membranes of the host effector cells and stimulate their lysis; and thus it may play a role
in immune evasion (Kusel et al. 2007).

Other molecules employed in stimulation of IL-10 production are eicosanoids. Eicosanoids
are synthesized from arachidonic acid that may be derived from lipids of the host skin (Fusco
et al. 1986). Eicosanoids are not only produced by cercariae; prostaglandin E; (PGE,) can be
synthesized from free fatty acids by skin schistosomula of S.mansoni (Salafsky and Fusco
1987). Moreover, secretory products of S. mansoni schistosomula contain a factor that can
potentially induce PGE, production in human keratinocytes (Ramaswamy et al. 2000).
Schistosomes may use eicosanoids as immunomodulators of the host immune response
(Salafsky and Fusco 1987). Cercariae of 7. ocellata and S. mansoni secrete similar types and
amounts of eicosanoids produced via arachidonic acid, and the eicosanoids from both
parasites have similar inhibitory effect on superoxide production by human neutrophils
(Nevhutalu et al. 1993). PGE; is known as a potent stimulator of IL-10 from keratinocytes
(Enk and Katz 1992), macrophages, dendritic cells or even Bl lymphocytes (Jenkins et al.
2005). Also CD4+ cells being present in a high number after multiple exposures to 7. regenti
(Koutilova et al. 2004a) or S. mansoni (Jenkins et al. 2005) represent likely source of IL-10 in
the skin (Jenkins er al. 2005). IL-10 has wide-ranging regulatory effects upon antigen
presentation, co-stimulation and the development of acquired T-cell responses (Moor et al.
2001), and, therefore, plays an important role in regulation of schistosome-induced dermal
inflammation (Hogg et al. 2003).

During cutaneous infections, skin-penetrating pathogens (in)directly activate Langerhans cells
to migrate to the skin-draining lymph nodes (Arnoldi and Moll 1998; Wu et al. 2000).
Nevertheless, study on mouse models showed that schistosomula of S. mansoni activate
Langerhans cells, but inhibit their migration from the epidermis to the skin lymph nodes
(Angeli et al. 2001). This inhibition is directly mediated by excreted/secreted lipophilic
factors, particularly by prostaglandin D, (PGD,), produced by cercariae (Angeli et al. 2001).
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PGD, has multiple effects on the immune system; it enhances release of mediators by
eosinophils and mast cells, reduces production of superoxide in neutrophils, and suppresses T
cell mitogenesis (Raible ef al. 1992; Kanamori et al. 1997). During inflammatory reaction,
PGD, may control migration of antigen presenting cells (APCs) from the site of antigen
capture to the lymph nodes. In the skin, particularly in the epidermis, PGD, belongs to the
major arachidonic acid metabolites produced. Study on S. mansoni revealed enzyme
responsible for PGD, synthesis which was excreted by cercariae during penetration through
host skin (Angeli et al. 2001). PGD, synthase was later identified as 28kDa glutathione-S-
transferase (termed Sm28GST) (Hervé et al. 2003). Sm28GST and its product PGD; play a
crucial role in Langerhans cell homeostasis and regulation of the immune response during the
early phases of schistosome infection (Mountford and Trottein 2004). Sm28GST is also
important for parasite survival, because it actively participates in detoxification of parasite-
and host-derived products; Sm28GST may neutralize immune attack by inhibiting lipid
peroxidation and removing hydroxyalkenals produced (Taylor 1988).

One of the immune evasion strategies described in human schistosomes is the binding of host
proteins onto the schistosomulum surface tegument in order to mask it against the host
immune response. Studies on human schistosomes showed that these molecules include
immunoglobulins (Loukas et al. 2001), f2-microglobulin (Loukas ef al. 2001), blood group
antigens (Goldring et al. 1976), MHC products (Sher et al. 1978), and a number of
complement components (Horta et al. 1991; Inal and Schifferli 2002; Deng et al. 2003).
Binding of antibodies is mostly realized via their Fc domain that makes them unavailable for
subsequent immune interaction, e.g., with complement components or immune effector cells
(Loukas et al. 2001).

Paramyosin was identified as a schistosome Fc-receptor (Loukas et al. 2001). McIntosh ef al.
(2006) confirmed that paramyosin of S. mansoni is an Fc-receptor for IgG, but exhibits a low
affinity. Non-filamentous membrane-bound form of paramyosin was detected in the
tegumental outer layer of S. mansoni (Matsumoto et al. 1988; Loukas ef al. 2001; Deng et al.
2003). In S. japonicum, paramyosin was immunolocalized using electron microscopy on the
surface of lung schistosomula and adult worms (Gobert ef al. 1997; Gobert 1998). Due to the
ability of paramyosin to modulate host immune response by inhibition of C1, paramyosin is a
promising vaccine candidate against schistosomiasis (Laclette et al. 1992). Fc-binding is not
exclusively realized by paramyosin, but other parasite proteins probably play a role in the
binding of IgG (Mclntosh et al. 2006). Glycoprotein secreted from S. mansoni eggs termed
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IL-4-inducing principle of S. mansoni eggs (IPSE) binds human IgE in a non-specific manner,
involving both Fc and Fab regions (Schramm et al. 2003). Metabolically active schistosomes
secrete proteases which may also cleave antibodies that bind to the worm surface. The cleaved
Fc fragments may remain associated with the membrane, they get into the body of parasite, or
due to the low affinity binding, they are released to the host circulation (Mclntosh et al.
20006). Extracts of S. mansoni schistosomula possess ability to cleave Fc-region of host IgE,
and thus prevent its interaction with FceRII present on a number of host inflammatory cells
including monocytes, eosinophils, platelets and B cells (Pleass et al. 2000). Similarly,
recombinant cathepsin D aspartic protease of S. japonicum can cleave human IgG (Verity et
al. 2001). 28kDa serine protease, detected in a soluble form in circum- and post-acetabular
glands of S. mansoni cercariae, can inhibit complement attack by cleavage of C3, C3b and C9
complement molecules (Marikovsky et al. 1990). The same protease is expressed on the
surface membrane of schistosomulum; therefore, this enzyme is likely involved in
transformation processes and parasite protection against host immune response (Marikovsky
et al. 1990). It seems that binding and cleavage of host effector molecules is important for
schistosomes as immune evasion mechanism as well as nutrient supply and tegumental repair
mechanism (Mclntosh et al. 2006).

Another successful strategy of schistosome immune evasion is the formation of serpine-
enzyme complexes. Serpins are serine protease inhibitors produced by mammalian hosts
which are able to inactivate proteolytic activity from endogenous as well as exogenous
sources, e.g. of parasites (Travis and Salvesen 1983). Interestingly, parasite proteases in a
serpin-enzyme complex become non-immunogenic. Schistosomes thus may exploit formation
of these complexes to render their proteases invisible to the host immune system (Modha et
al. 1996).

In case of avian schistosomes, the immune evasion mechanisms have not been studied in
details. A precise study of surface antigens and other molecules involved in masking

processes could bring new data clarifying failure of bird schistosomes in mammalian host.

1.6. CNS infections

Neuroinfections caused by parasitic worms are known from all parts of the world. Most of the
neurotropic helminths appear in the central nervous system (CNS), where they usually occur

in the subarachnoid space. The pathways from the site of worm entry (gastrointestinal tract or
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skin) to the host the CNS differ from species to species (for a review see Katchanov and
Nawa 2010). The CNS involvement occurs either accidentally during atypical migration of
parasites or during infections by helminths with innate neurotropic behavior. For example,
Angiostrongylus cantonensis is considered to be a neurotropic helminth with obligatory
intracerebral migration which requires a passage through the subarachnoidal space for
completion of its life cycle in the definitive host - rat (Mackerras and Sandars 1954; Jindrak
1968; Prociv et al. 2000). Another known parasitic helminth with obligatory migration
through the host CNS is the bird schistosome Trichobilharzia regenti (Horak et al. 1999).
Parasitic worms can invade the CNS via the systemic circulation, via the Batson’s
paravertebral venous plexus or they penetrate the blood brain barrier (BBB) in parenchymal
microvessels or blood-cerebral spinal barrier in choroid plexus. Another entry site is
represented by connective tissues of the skull and invertebral foramina (Katchanov and Nawa
2010). Haematogenous spread to the CNS can be used by e.g. Taenia, Echinococcus,
Strongyloides, Angiostrongylus and Toxocara. After ingestion of the eggs or larvae, the
parasites penetrate the intestinal wall, reach the portal vein and then they enter in the systemic
circulation. In case of Strongyloides stercoralis, the infective filariform larvae penetrate the
skin and directly invade into the subcutaneous venous system (Katchanov and Nawa 2010).
Human schistosomes may reach the CNS at any time from the moment when egg laying starts
(Pittella 1997). Two ways have been postulated for the CNS invasion by schistosome eggs
(Nascimento-Carvalho and Moreno-Carvalho 2005). During the first type of entry route into
the CNS, eggs passage is realized through the valveless vertebral venous plexus of Batson
(Batson 1940; Pittella and Lana-Peixoto 1981; Scrimgeour and Gajdusek 1985). The eggs
deposited in the inferior mesenteric veins are carried by blood flow through rectal portocaval
anastomoses into deep iliacal veins. These veins communicate with the Batson’s plexus
through the lumbar and lateral sacral veins (van der Kuip et al. 1999). The pressure around
zero in the Batson’s plexus facilitates a retrograde transport to the spinal venous system and
thereby making the CNS invasion by schistosome eggs possible. Furthermore, the internal
part of Batson’s plexus, the epidural vertebral venous plexus, communicates with the occipital
and basilar venous sinuses and, therefore, represents a venous route for schistosome eggs to
enter the brain (Katchanov and Nawa 2010). This route is probably utilised by Schistosoma
Jjaponicum and S. haematobium, but not by S. mansoni. This may be explained by the size of
S. japonicum eggs which are smaller (70-100 pm long by 55-64 um wide) in comparison with
S. mansoni (114-180 pum long by 45-70 um wide) eggs and shape of S. haematobium which
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bear a terminal spine, whereas, S. mansoni eggs have a prominent lateral spine. Therefore,
combination of these features leads to trapping of S. mansoni eggs in the spinal venous plexus
(Bruijning 1964). The second way how human schistosomes reach CNS could be represented
by the in situ deposition of eggs after anomalous migration of adult worms (Pittella 1997;
Artal et al. 20006).

Direct penetration into the CNS is common for Spirometra spp. larvae (sparganum), adults of
the lung parasite Paragonimus spp. and larvae of Gnathostoma spp. These parasites reach the
organ through connective tissue of the neural foramina of the skull base and intervertebral
foramina of the spine along the cranial and spinal nerves, and vessels (Katchanov and Nawa
2010). Peripheral nerves as an alternative route to the CNS were observed in experimental rat
angiostrongylosis (Jindrak 1968) as well as in human angiostrongylosis (Clouston et al.
1990); it is suggested that the human infection can be associated with radiculomyelopathy
(Wood et al. 2001). In case of T. regenti infection, schistosomula migrate mostly through or
along peripheral nerves, further reach the spinal cord by the spinal roots and continue to the
brain (Hradkova and Horak, 2002; Lichtenbergova et al. 2011); similar type of migration was
also reported for Gnathostoma (Herman and Chiodini 2009).

This direct invasion is realized mechanically by active movements of the parasites and it is
also facilitated by parasite products which are released into the surrounding environment. It
has been observed, that some helminth larvae release proteases that degrade extracellular
matrix and macromolecules and, presumably, participate on histolysis (McKerrow 1988;
Hotez et al. 1990). Cysteine proteases detected in secretions of Paragonimus westermani (Na
et al. 2006) and Gnathostoma binucleatum (Caballero-Garcia et al. 2005) were found to play
a key role in the invasion and migration through the host tissue. Similarly, in case of T.
regenti, predominant cysteine protease identified in migratory schistosomula degrades myelin
basic protein, and it is believed to be an adaptation of the parasites for migration through the

CNS (Dvortik et al. 2005).

1.6.1. Pathogenesis and disease manifestation

Migration of relatively large worms and release of their E/S products usually evoke directly
and/or indirectly pathological changes in the host CNS. Severity of the nervous tissue damage
and subsequent clinical syndromes differs from species to species. One of the most health
threatening helminthic neuroinfection is caused by Baylisascaris procyonis, the common

roundworm of raccoons (Sorvillo ef al. 2002). In humans, the larvae tend to invade the CNS
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and eyes, and the infection has been associated with human fatal eosinophilic
meningoencephalitis (reviewed in Gavin et al. 2005). Severe clinical manifestation of B.
procyonis infection in humans and other paratenic hosts results from mechanical damage of
the nervous tissue by migratory larvae which continue to grow and release a large amount of
antigenic components (Kazacos 2001). In addition, the CNS damage can be also caused by
severe host inflammatory reaction against B. procyonis, accompanied by release of toxic
proteins by eosinophils (Kazacos 2001; Moertel 2001).

Radicular pain and paresthesias of the trunk and extremities and, less frequently, paresis or
paralysis belong to the observed clinical symptomes in another helminthic infection -
gnathostomosis (Rusnak and Lucey 1993; Re and Gluckman 2003). The untreated CNS
infection with Gnathostoma spp. may be fatal (Herman and Chiodini 2009). Clinical
symptoms are related to the mechanical damage of nervous tissue associated with larval
migration within cranial or peripheral nerves to the spinal cord (Rusnak and Lucey 1993; Re
and Gluckman 2003). Direct invasion into the nervous tissue can result in radiculitis,
radiculomyelitis, meningeal inflammation or encephalitis, and damage of cerebral vasculature
can cause subarachnoid haemorrhages (Schmutzhard 1988; Rusnak and Lucey 1993; Re and
Gluckman 2003). The severe damage of the CNS is due to direct mechanical and toxin-
mediated destruction of the nervous tissue and its vascular structures, as well as by local host
inflammatory response to the parasites and their products (Rusnak and Lucey 1993; Herman
and Chiodini 2009). In comparison with Angiostrongylus, Gnathostoma larvae are more
invasive and cause more frequent focal neurological pathologies. Although Angiostrongylus is
a neurotropic parasite, the infections are rarely fatal (Herman and Chiodini 2009). Clinical
spectrum in angiostrongylosis can range from mild disease to meningitis or, less frequently,
encephalitis (Slom et al. 2002). Natural course of the disease often results in spontaneous
resolution of symptoms after a few weeks, although the symptoms like headache and
paresthesias can persist for weeks or months (Slom et al. 2002).

Clinical presentation of neurocysticercosis is variable and depends on the number, size, and
location of tapeworm cysts within the CNS, and on the host immune response (Hawk ef al.
2005). The most common clinical symptom of neurocysticercosis is the late-onset of epilepsy
(Burneo et al. 2009); seizures occur in over of 70% of patients with neurocysticercosis
(Shandera and Kass 2006). Patients may also suffer from headache associated with
intracranial hypertension which is most commonly caused by hydrocephalus related to
granular ependymitis, arachnoiditis or ventricular cysts (Burneo et al. 2009). When
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symptomatic, neuroschistosomiasis is one of the most severe presentations of schistosomal
infections (Ferrari 2004). Pathogenesis depends basically on the presence of schistosome eggs
in the nervous tissue and on the host immune response (Ferrari 2004). When the eggs are
deposited in the nervous tissue, similarly as in other organs and tissues, the miracidium
secretes antigenic molecules that leave the egg through the pores of the shell, and thus triggers

cell-mediated granulomatous reaction around the eggs (Ferrari et al. 2008).

1.6.2. Immune response in CNS

The CNS response to inflammatory insults differs from that of other organs. The organ is
equipped by cellular barriers that maintain the CNS homeostasis for proper electrical activity
and communication of neurons and hamper infiltration of immune cells; therefore, CNS was
considered to be immunologically privileged organ. However, recent results revealed that
there is an efficient immuno-surveillance and the immune cells are able to overcome the BBB
under certain circumstances (Allan and Rothwell 2003; Engelhardt 2008). Besides immune
cells also resident nervous cells participate in the immune processes in the nervous tissue.
Neurons, astrocytes and microglia are able to produce a great repertoire of immune and
inflammatory molecules, including cytokines, chemokines and their receptors, complement
molecules and their inhibitors, coagulating factors, proteases and protease inhibitors (McGeer
and McGeer 2001).

Microglial cells are resident phagocytic immune cells in CNS, which are activated in response
to infection, inflammation and injury. Together with macrophages, microglia form the first
line of defense (Kreutzberg 1996; Streit 2002; Chavarria and Alcocer-Varela 2004). Based on
histological and immunophenotypic characteristics microglia can be subdivided into two
major classes: a stable pool of cells residing in parenchyma, and cell population termed
pericytes or perivascular macrophages located within BBB (Hickey and Kimura 1988; Ford et
al. 1995). Microglia are sensitive to changes in the CNS microenvironment and rapidly
become activated by systemic inflammation (Kreutzberg 1996). The process of microglia
activation involves both morphological changes with hypertrophy and proliferation, and
functional differentiation with increased expression of MHC molecules. In the CNS of healthy
humans, expression of MHC class II molecules is restricted to some microglia. Upregulation
of MHC class II and adhesion molecules, such as leukocyte function-associated molecule 1
(LFA-1; CDl11a) and intercellular adhesion molecule 1 (ICAM-1; CD54), occurs early after

microglia activation in response to the most CNS injuries (Kreutzberg 1996). Activated
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microglia are capable to secret a wide range of different immune regulating peptides such as
cytokines and chemokines. But they also produce non-specific inflammatory mediators, e.g.,
reactive oxygen species and nitric oxide. In the final phase of activation microglia become
phagocytic and, therefore, the also serve as latent scavenger cells of the CNS (reviewed in
Aloisi et al. 2000). During Toxoplasma gondii infection of mice, microglia are major
producers of IFN-y within the CNS and trigger an activation of glial cells to control the
parasite in the early stage of infection (Suzuki et al. 2005). Therefore, microglia are the most
important cells in prevention against 7. gondii tachyzoite proliferation in the brain (Rock et
al. 2004). Similarly, microglia and macrophages are responsible for schistosomula destruction
and elimination in the CNS during 7. regenti experimental infections of mice (Lichtenbergova
etal.2011).

Under normal conditions, astrocytes are more important than microglia in the processes
providing normal functions of nerve cell. Astrocytes play a role in neurotransmitter
regulation, electrical transmission, ion homeostasis, BBB maintenance, and production of
extracellular matrix molecules destined for the basal lamina and perineuronal net (Chen and
Swanson 2003; reviewed in Fitch and Silver 2008). By their foot processes, astrocytes protect
CNS vascular endothelial cells and thus support integrity of BBB (Allt and Lawrenson 1997).
Astrocytes are also activated by inflammation, although with some delay compared with
microglia response. After the CNS injury, astrocytes become hypertrophied and ramified, they
increase production of glial fibrillary acidic protein (GFAP), proliferate and migrate to the site
of injury (Norenberg 1994). They play the main role in separation of the damaged areas from
the healthy tissue by formation of glial scars, and thus protect the fragile nervous tissue from
further destruction (Fitch et al. 1999; Myer et al. 2006). Formation of glial scar by astrocytic
processes that surrounded adjacent inflammatory infiltrate was observed in the brain of
human patients infected by Taenia solium metacestodes (Alvarez et al. 2002). Presence of the
parasites was accompanied by astrocytic activation and increased expression of GFAP
(Alvarez et al. 2002). Similar activation of astrocytes was detected in the brain of Toxocara-
infected mice (Othman et al. 2010) as well as in the spinal cord and brain of the mice infected
by T. regenti (Lichtenbergova et al. 2011).

The CNS injury initiates a series of cellular and molecular events. Following the damage, the
endothelial cells express selective adhesion molecules that attract circulating cells
participating further in the inflammatory response (Nordal and Wong 2004). Studies on
animal models revealed that activated T cells are delivered to the CNS intravenously, and in

27



contrast to resting T cells, they are able to cross an intact BBB and play a role in immune
surveillance (Perry ef al. 1997). ICAM-1 is an important molecule participating in immune-
mediated cell-cell adhesive interactions (Springer 1994); it is predominantly involved in
lymphocyte adhesion and migration through the CNS endothelium (Male et al. 1994;
Greenwood et al. 1995). ICAM-1 increases expression on the luminal surface of endothelial
cells is associated with release of proinflammatory mediators, such as IL-1B, TNF-o, TGF-3
and IFN-y (Jiang et al. 1997). Some of the bacterial or parasitic CNS infections causing
meningitis or encephalomeningitis are frequently associated with the occurrence of BBB
disruption (Drevets and Leenen 2000; Lee et al. 2006; Nikolskaia et al. 2006). Higher
permeability of BBB accompanied by leukocyte migration from the peripheral blood was
observed during the CNS infections of laboratory mice infected by Mesocestoides corti
(Alvarez and Teale 20006), Angiostrongylus cantonensis (Lee et al. 2006) and Toxocara canis
(Liao et al. 2008).

Macrophages and microglial cells play the main role in destruction of schistosomula in the
nervous tissue of mice experimentally infected by 7. regenti; host defense against the parasite
is also supported by CD 3+ lymphocytes (Lichtenbergovd et al. 2011). Lymphocyte
infiltration in the CNS has been also demonstrated for many disorders including
neurocysticercosis (Cardona and Teale, 2002), cerebral malaria (Hansen et al. 2007) and
toxoplasmic encephalitis (Wilson et al. 2005). It has been observed that T cells potentiated
immune defense against Mesocestoides corti infection of mice by indirect activation of other
immune cells (i.e. macrophages) and the resident CNS cells (i.e. microglia, astrocytes)

(Cardona and Teale, 2002).
1.7. Immunomodulatory potential of schistosomes

Nowadays, developed countries are being confronted with an increase in the incidence of
most immune disorders, including autoimmune and allergic diseases. Epidemiological
evidence indicates that this increase is linked to improvement of high socio-economic
standards (Wills-Karp ef al. 2001; Reddy 2010). In contrast, several autoimmune disorders
have reduced incidence and severity in geographical regions with higher occurrence of
parasite infections (Weinstock and Elliott 2009). According to the Hygiene Hypothesis it is
believed that parasites and microbes have been important for shaping and tuning the evolution

of human immune system (Dunne and Cooke 2005).
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The studies on human schistosomes revealed that infections by these parasites results in Th2
polarized response (Pearce and McDonald 2002). It is believed that persons infected with
helminths tend to develop a diminished Thl response when challenged with other antigens.
Sewell et al. (2003) developed a model to study the effect of Th2 preconditioning on the
course of experimental autoimmune encephalomyelitis (EAE) after immunization with S.
mansoni eggs. EAE is mouse model for human multiple sclerosis (MS), an inflammatory
disease of the CNS that causes demyelination and axonal degeneration leading to neurological
function impairment (Noseworthy et al. 2000). In a simplified way, EAE as well as MS is
associated with infiltration of the CNS by Thl cells producing proinflammatory cytokines
(Merrill 1992). Sewell et al. (2003) demonstrated significant protection against EAE in S.
mansoni eggs preimmunized mice, and similar amelioration of EAE was observed after
experimental infection of rats by Trichinella spiralis (Gruden-Movsesijan et al. 2008). It
seems, therefore, that infection by parasitic helminths can positively influence the CNS
autoimmune reactions (Sewell ef al. 2003; Gruden-Movsesijan et al. 2008). Identification and
characterization of mechanisms by which schistosomes modulate immune response and
prevent autoimmune disease might, therefore, bring a novel approach to discover effective
drugs for the treatment of allergies and chronic inflammatory diseases like MS. Also, further
study of immunomodulatory molecules of bird schistosomes could contribute to this research

effort.
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2. AIMS OF THE THESIS

Neuroinfection represents the most severe complication of helminthic infections which may
lead to development of various neurological symptoms. Parasitic helminths can occur in host
nervous tissue in different stages of their life cycle, and only some of them require an

obligatory passage through the host nervous system in order to complete their life cycle.

Bird schistosome, Trichobilharzia regenti, has been recognized as an interesting model for
study of such behaviour pattern in central nervous system (CNS). Experiments on mice
revealed that immature flukes are able to migrate to the host CNS where they can survive for
weeks (as described in Introduction). Surprisingly, detailed information about pathogenic
impact of 7. regenti schistosomula on the host nervous tissue and immune response against
the parasite in the CNS are still missing. The infection by 7. regenti arises in water bodies
after penetration of human skin by infective larvae (cercariae). Repeated infections lead to
development of skin inflammatory reaction termed cercarial dermatitis which manifests as a
maculopapular skin eruptions accompanied by intensive itching. Although cercarial dermatitis
is annoying skin disease, in fact it does not represent a serious health problem for humans.
This cutaneous immune reaction attracts an attention because it may lead to capturing of
cercariae and thus prevent the further migration of the parasites. The complete understanding
of this process is believed to provide new targets for a protective vaccine against human
schistosomes. Mammals experimentally infected with bird schistosomes may serve as a
suitable model for studies on skin immune response in comparison with human schistosomes

which are highly pathogenic for mice and cause severe organ disorders.

The present thesis deals with mammalian infection by bird schistosomes of 7.regenti. On a
mouse model, development of the host humoral and cellular responses against the cercariae
and schistosomula in the skin and CNS, respectively, are characterized. The study is also
focused on description of pathological changes in the nervous tissue caused by the migrating
schistosomula. Last but not least, antigenic structures from different developmental stadia of

the flukes are identified.
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Particular aims of the thesis:

1)

2)

3)
4)

5)

Description of pathogenic effect of the schistosomula on nervous tissue of
experimentally infected mice, and characterization of the host immune -cell
involvement in destruction of the parasites.

Characterization of antibody response against 7. regenti during mouse primo- and re-
infections.

Detection of the main parasite antigens recognized by mouse humoral response.
Confirmation of the role of cercarial antigens in stimulation of human basophils
degranulation

Localization and description of antigenic structures of the cercariae, schistosomula and

adult worms.
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4. SUMMARY OF THE RESULTS

Experiments presented in the Thesis characterized the immuno-pathological effect of
Trichobilharzia regenti on mammalian host and contributed to knowledge of host immune

response to the infection. The main results of the experimental work are as follows.

Mammalian humoral immune response

e Analysis of sera from mice multiply infected with 7. regenti revealed development of
antigen-specific IgM antibody directed mainly against glycoproteins of the cercarial
glycocalyx as well as glycoproteins contained in the cercarial excretory/secretory (E/S)

products.

e FElevated levels of antigen-specific IgGl and total IgE serum antibodies indicated

domination of Th2 polarized immune response after repeated infections.

e Reaction of sera from re-infected mice with corpuscular antigens of 7. regenti cercariae
showed that both IgG and IgE antibodies recognized with high sensitivity and specificity the
antigen of 34 kDa; other antigens (14.7, 17, 28 and 50 kDa) were recognized with lower
sensitivity. Two of these antigens (34 kDa and 50 kDa) were also identified in cercarial E/S

products.

¢ Analysis of sera from patients with a history of cercarial dermatitis showed elevated levels

of anti-cercarial IgG and most of the serum samples specifically recognized a protein of 34

kDa.

e Stimulation of purified human basophils with cercarial corpuscular antigens and cercarial
E/S products induced dose-dependent basophil degranulation and IL-4 release. Cercarial E/S

products were more potent inducers of the IL-4 release than antigens of cercarial homogenate.

e [t seems that Trichobilharzia releasing E/S products can induce activation of host basophils

and, thus, initiate the development of Th2 response.
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Mouse CNS infection

¢ Neuroinfections of immunocompetent (BALB/c) and immunodeficient (SCID) mice led to
development of cellular immune response against migrating schistosomula in the nervous

tissue which resulted in formation of inflammatory lesions.

e Presence of schistosomula in the epineurium of peripheral nerves as well as in subarachnoid
space of the spinal cord and brain led to mild inflammation and, moreover, did not cause
pathological changes in the surrounding nervous tissue. It implied that schistosomula
occurring in cavities outside of solid tissue were less susceptible to destruction by host

cellular response.

¢ The schistosomula destruction in the nervous tissue was mainly dependent on activation of
macrophages and microglial cells. Elimination of the worms by these cells was more efficient

with contribution of CD3+ lymphocytes.

e Immunohistochemical staining revealed axonal damage around the schistosomula and in
places of their previous migration; the damage was likely caused mechanically by migrating

parasites.

e Use of specific antibody against components of the mouse nervous tissue revealed presence
of immunoreactive material in the lumen of 7. regenti gut and, therefore, it suggests that the

parasites ingest host nervous tissue during their migration.

Immunolocalization of antigenic structures

The studies were performed on 7. regenti cercariae, schistosomula developed under different

conditions (in duck and mouse, and in culture) and adult worms.

e Antibodies from sera of mice repeatedly infected with 7. regenti specifically bound to

cercarial surface and subtegumental structures of all investigated schistosomula.

e TEM observation of immunolabeled sections of different life stages showed a strong
antibody reaction with cercarial glycocalyx and less intensive reaction with penetration glands

of cercariae. After the cercaria/schistosomulum transformation, surface recognition by mouse
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antibody decreased and in the adult worms the antibody reaction with tegumental surface was

weak.

e In case of all types of schistosomula, positive reaction was detected within spherical bodies
originated from the subtegumental cells. These bodies were transported via cytoplasmic
bridges to the tegumental syncytium, where they probably released the immunoreactive

content. Therefore, the antigenic molecules can be recognized by mouse antibodies.

e Comparison of immunolabeled sections of schistosomula produced under different
conditions showed a similar pattern of antibody binding. The results seem to indicate,
therefore, that schistosomula are able to form tegument of similar composition in both

specific and non-specific hosts.

74



S. REFERENCES

Abath FGC, Werkhauser RC (1996). The tegument of Schistosoma mansoni: functional and

immunological features. Parasite Immunol 18, 15-20

Aldhoun JA, Faltynkova A, Karvonen A, Horak P (2009). Schistosomes in the north: a unique

finding from a prosobranch snail using molecular tools. Parasitol Int 58, 314-317

Allan SM, Rothwell NJ (2003). Inflammation in central nervous system injury. Phil Trans R Soc
Lond B Biol Sci 358, 1669-1677

Allt G, Lawrenson JG (1997). Is the pial microvessel a good model for blood-brain barrier
studies? Brain Res Brain Res Rev 24, 67-76

Aloisi F, Ria F, Adorini L (2000). Regulation of T-cell responses by CNS antigen-presenting

cells: different roles for microglia and astrocytes. Immunol Today 21, 141-147

Alvarez JI, Colegial CH, Castaiio CA, Trujillo J, Teale JM, Restrepo BI (2002). The human
nervous tissue in proximity to granulomatous lesions induced by Taenia solium metacestodes

displays an active response. J Neuroimmunol 127, 139-144

Alvarez JI, Teale JM (2006). Breakdown of the blood brain barrier and blood-cerebrospinal fluid
barrier is associated with differential leukocyte migration in district compartments of the CNS

during the course of murine NCC. J Neuroimmunol 173, 45-55

Angeli V, Faveeuw Ch, Roye O, Fontaine J, Teissier E, Capron A, Wolowczuk I, Capron M,
Trottein F (2001). Role of the parasite-derived prostaglandin D, in the inhibition of epidermal
Langerhans cell migration during schistosomiasis infection. J Exp Med 193, 1135-1147

Arnoldi J, Moll H (1998). Langerhans cell migration in murine cutaneous leishmaniasis:
regulation by tumor necrosis factor alpha, interleukin-1beta, and macrophage inflammatory

protein-1 alpha. Dev Immunol 6, 3-11

Artal FJ, Mesquita HM, Gepp Rde A, Antunes JS, Kalil RK (2006). Neurological picture.
Brain involvement in a Schistosoma mansoni myelopathy patient. J Neurol Neurosurg Psychiatry

77,512

Augustine DL, Weller TH (1949). Experimental studies on the specificity of skin tests for the

diagnosis of schistosomiasis. J Parasitol 35, 461-466

Aumiiller E, Schramm G, Gronow A, Brehm K, Gibbs BF, Doenhoff MJ, Haas H (2004).
Echinococcus multilocularis metacestode extract triggers human basophils to release interleukin-4.

Parasite Immunol 26, 387-395

75


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casta%C3%B1o%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mesquita%20HM%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brehm%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gibbs%20BF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doenhoff%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haas%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casta%C3%B1o%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Artal%20FJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mesquita%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gepp%20Rde%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Antunes%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalil%20RK%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brehm%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gibbs%20BF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doenhoff%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haas%20H%22%5BAuthor%5D

Bahgat M, Francklow K, Doenhoff MJ, Li YL, Ramzy RM, Kirsten C, Ruppel A (2001).
Infection induces antibodies against the cercarial secretions, but not against the cercarial elastases
of Schistosoma mansoni, Schistosoma haematobium, Schistosoma japonicum and Trichobilharzia

ocellata. Parasite Immunol 23, 557-565

Banu Y, Watanabe T (1999). Augmentation of antigen receptor-mediated responses by histamine

HI receptor signalling. J Exp Med 189, 673-682

Batson OV (1940). The function of the vertebral veins and their role in the spread of metastases.
Ann Surg 112, 138-149

Bechtold S, Wintergerst U, Butenandt O (1997). Badedermatitis durch zerkarien. Monatsschr
Kinderheilkd 145, 1170-1172

Bell RG (1996). IgE, allergies and helminth parasites: a new perspective on an old conundrum.

Immunol Cell Biol 74, 337-345
Blair D, Ottesen P (1979). Nasal Schistosomiasis in Australian Anatids. J Parasitol 65, 982-984

Bourns TK, Ellis FC, Rau ME (1973). Migration and development of Trichobilharzia ocellata
(Trematoda: Schistosomatidae) in its duck hosts. Can J Zool 51, 1021-1030

Brant SV, Loker ES (2009). Schistosomes in the southwest United States and their potential for

causing cercarial dermatitis or 'swimmer's itch'. J Helminthol 83, 191-198

Bruijning CF (1964). The mechanism of the passage of the Schistosoma mansoni egg through the
wall of the blood vessel. Trop Geogr Med 2, 159-163

Brunet LR, Dunne DW, Pearce EJ (1998). Cytokine interaction and immune responses during

Schistosoma mansoni infection. Parasitol Today 14, 422-427

Burneo JG, Plener I, Garcia HH (2009). Neurocysticercosis in a patient in Canada. CMAJ 180,
639-642

Caballero-Garcia Mde L, Almeyda-Artigas RJ, Mosqueda-Cabrera MA, Jiménez-Cardoso E
(2005). Gnathostoma binucleatum: excretion-secretion antigen analysis obtained from advanced

third-stage larvae in in vitro culture. Exp Parasitol 110, 140-145

Cadman ET, Lawrence RA (2010). Granulocytes: effector cells or immunomodulators in the

immune response to helminth infection? Parasite Immunol 32, 1-19

Cardona AE, Teale JM (2002). y/6 T cell-deficient mice exhibit reduced disease severity and
decreased inflammatory response in the brain in murine neurocysticercosis. J Immunol 169, 3163-

3171

76


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahgat%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Francklow%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doenhoff%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirsten%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ruppel%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brant%20SV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loker%20ES%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Helminthol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lawrence%20RA%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasite Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahgat%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Francklow%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doenhoff%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20YL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramzy%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirsten%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ruppel%20A%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasite Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brant%20SV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loker%20ES%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Helminthol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caballero-Garc%C3%ADa%20Mde%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Almeyda-Artigas%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mosqueda-Cabrera%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jim%C3%A9nez-Cardoso%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cadman%20ET%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lawrence%20RA%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasite Immunol.');

Caumes E, Felder-Moinet S, Couzigou C, Darras-Joly C, Latour P, Léger N (2003). Failure
of an ointment based on IR3535 (ethyl butylacetylaminopropionate) to prevent an outbreak of
cercarial dermatitis during swimming races across Lake Annecy, France. Ann Trop Med Parasitol

97, 157-163

Chamot E, Toscani L, Rougemont A (1998). Public health importance and risk factors for
cercarial dermatitis associated with swimming in Lake Leman at Geneva, Switzerland._Epidemiol

Infect 120, 305-314

Chanova M, Horak P (2007). Terminal phase of bird schistosomiasis caused by Trichobilharzia
regenti (Schistosomatidae) in ducks (4nas platyrhynchos f. domestica). Folia Parasitol 54, 105-
107

Chavarria A, Alcocer-Varela J (2004). Is damage in central nervous system due to

inflammation? Autoimmun Rev 3, 251-260

Chen Y, Swanson RA (2003). Astrocytes and brain injury. J Cereb Blood Flow Metab 23, 137-
149

Clouston PD, Corbett AJ, Pryor DS, Garrick R (1990). Eosinophilic meningitis: cause of a
chronic pain syndrome. J Neurol Neurosurg Psychiatry 53, 778-781

Deng J, Gold D, LoVerde PT, Fishelson Z (2003). Inhibition of the complement membrane

attack complex by Schistosoma mansoni paramyosin. Infect Immun 71, 6402-6410

Drevets DA, Leenen PJ (2000). Leukocyte-facilitated entry of intracellular pathogens into the
central nervous system. Microbes Infect 2, 1609-1618

Dunne DW, Cooke A (2005). A worm’s eye view of the immune system: consequences for

evolution of human autoimmune disease. Nature 5, 420-426

Dvorik J, Delcroix M, Rossi A, Vopalensky V, PospiSek M, Sedinova M, Mikes L, Sajid M,
Sali A, McKerrow JH, Horak P, Caffrey CR (2005). Multiple cathepsin B isoforms in
schistosomula of Trichobilharzia regenti: identification, characterisation and putative role in

migration and nutrition. I/nt J Parasitol 35, 895-910

Dvorak J, Mashiyama ST, Braschi S, Sajid M, Knudsen GM, Hansell E, Lim KC, Hsieh I,
Bahgat M, Mackenzie B, Medzihradszky KF, Babbitt PC, Caffrey CR, McKerrow JH
(2008). Differential use of protease families for invasion by schistosome cercariae. Biochimie 90,

345-358

Engelhardt B (2008). The blood-central nervous system barriers actively control immune cell

entry into the central nervous system. Curr Pharm Des 14, 1555-1565

77


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delcroix%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vop%C3%A1lensk%C3%BD%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sedinov%C3%A1%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sajid%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKerrow%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Int J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mashiyama%20ST%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Braschi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sajid%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knudsen%20GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hansell%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hsieh%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mackenzie%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Medzihradszky%20KF%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Biochimie.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dvor%C3%A1k%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delcroix%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossi%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vop%C3%A1lensk%C3%BD%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Posp%C3%ADsek%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sedinov%C3%A1%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mikes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sajid%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sali%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKerrow%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caffrey%20CR%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Int J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dvor%C3%A1k%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mashiyama%20ST%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Braschi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sajid%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knudsen%20GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hansell%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lim%20KC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hsieh%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bahgat%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mackenzie%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Medzihradszky%20KF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Babbitt%20PC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caffrey%20CR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKerrow%20JH%22%5BAuthor%5D

Enk AH, Katz SI (1992). Identification and induction of keratinocyte-derived IL-10. J Immunol
149, 92-95

Falcone FH, Dahinden CA, Gibbs BF, Noll T, Amon U, Hebestreit H, Abrahamsen O,
Klaucke J, Schlaak M, Haas H (1996). Human basophils release interleukin-4 after stimulation

with Schistosoma mansoni egg antigen. Eur J Immunol 26, 1147-1155

Falcone FH, Haas H, Gibbs BF (2000). The human basophils: a new appreciation of its role in
immune responses. Blood 96, 4028-4038

Falcone FH, Pritchard DI, Gibbs BF (2001). Do basophils play a role in immunity against
parasites? Trends Parasitol 17, 126-129

Feiler W, Haas W (1988a). Host-finding in Trichobilharzia ocellata cercariae: swimming and

attachment to the host. Parasitology 96, 493-505

Feiler W, Haas W (1988b). Trichobilharzia ocellata: chemical stimuli of duck skin for cercarial

attachment. Parasitology 96, 507-517

Ferrari TC (2004). Involvement of central nervous system in the Schistosomiasis. Mem Inst

Oswaldo Cruz 99, 59-62

Ferrari TC, Gazzinelli G, Corréa-Oliveira R (2008). Immune response and pathogenesis of

neuroschistosomiasis mansoni. Acta Trop 108, 83-88

Fitch MT, Doller C, Combs CK, Landreth GE, Silver J (1999). Cellular and molecular
mechanisms of glial scarring and progressive cavitation: in vivo and in vitro analysis of

inflammation-induced secondary injury after CNS trauma. J Neurosci 19, 8182-8198

Fitch TM, Silver J (2008). CNS injury, glial scars, and inflammation: Inhibitory extracellular

matrices and regeneration failure. Exp Neurol 209, 294-301

Ford AL, Goodsall AL, Hickey WF, Sedgwick JD (1995). Normal adult ramified microglia
separated from other central nervous system macrophages by flow cytometric sorting. Phenotypic
differences defined and direct ex vivo antigen presentation to myelin basic protein- reactive CD4+

T cells compared. J Immunol 154, 4309-4321

Fraser SJ, Allan SJ, Roworth M, Smith HV, Holme SA (2009). Cercarial dermatitis in the UK.
Clin Exp Dermatol 34, 344-346

Fusco AC, Salafsky B, Delbrook K (1986). Schistosoma mansoni: production of cercarial

eicosanoids as correlates of penetration and transformation. J Parasitol 72, 397-404

Gavin PJ, Kazacos KR, Shulman ST (2005). Baylisascariasis. Clin Microbiol Rev 18, 703-718

78


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doller%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Landreth%20GE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Silver%20J%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Neurosci.');
javascript:AL_get(this, 'jour', 'J Neurosci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fraser%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allan%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roworth%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holme%20SA%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Clin Exp Dermatol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salafsky%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delbrook%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fitch%20MT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doller%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Combs%20CK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Landreth%20GE%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Neurosci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20HV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fusco%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salafsky%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Delbrook%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Parasitol.');

Gibbs BF (2005). Human basophils as effectors and immunomodulators of allergic inflammation

and innate immunity. Clin Exp Med S, 43-49

Gibbs BF, Haas H, Wolff HH, Grabbe J (2000). Early IgE-dependent release of IL-4 and IL-13
from leukocytes in restricted to basophils: a comparison with other granulocytes and mononuclear

cells. Inflamm Res 49, S9-S10

Gobert GN (1998). The role of microscopy in the investigation of paramyosin as a vaccine

candidate against Schistosoma japonicum. Parasitol Today 14, 115-118

Gobert GN, Stenzel DJ, Jones MK, Allen DE, McManus DP (1997). Schistosoma japonicum:

immunolocalization of paramyosin during development. Parasitology 114, 45-52

Gobert GN, Stenzel DJ, McManus DP, Jones MK (2003). The ultrastructural architecture of the
adult Schistosoma japonicum tegument. Int J Parasitol 33, 1561-1575

Goldring OL, Clegg JA, Smithers SR, Terry RJ (1976). Acquisition of human blood group

antigens by Schistosoma mansoni. Clin Exp Immunol 26, 181-187

Grabe K, Haas W (2004a). Navigation within host tissues: cercariae orientate towards dark after

penetration. Parasitol Res 93, 111-113

Grabe K, Haas W (2004b). Navigation within host tissues: Schistosoma mansoni and

Trichobilharzia ocellata schistosomula respond to chemical gradients. Int J Parasitol 34, 927-934

Greenwood J, Wang Y, Calder VL (1995). Lymphocyte adhesion and transendothelial migration
in the central nervous system: the role of LFA-1, ICAM-1, VLA-4 and VCAM-1. Immunology 86,
408-415

Gruden-Movsesijan A, Ilic N, Mostarica-Stojkovic M, Stosic-Grujicic S, Milic M, Sofronic-
Milosavljevic Lj (2008). Trichinella spiralis: Modulation of experimental autoimmune

encephalomyelitis in DA rats. Exp Parasitol 118, 641-647

Haas W, Haeberlein S (2009). Penetration of cercariae into the living human skin: Schistosoma

mansoni vs. Trichobilharzia szidati. Parasitol Res 105, 1061-1066

Haas W, Pietsch U (1991). Migration of Trichobilharzia ocellata schistosomula in the duck and
in the abnormal murine host. Parasitol Res 77, 642-644

Haas W, van de Roemer A (1998). Invasion of the vertebrate skin by cercariae of
Trichobilharzia ocellata: penetration processes and stimulating host signals. Parasitol Res 84,

787-795

79



Haisch K, Schramm G, Falcone FH, Alexander Ch, Schlaak M, Haas H (2001). A
glycoprotein from Schistosoma mansoni eggs binds non-antigen-specific immunoglobulin E and

releases interleukin-4 from human basophils. Parasite Immunol 23, 427-434

Hansen DS, Bernard NJ, Nie CQ, Schofield L (2007). NK cells stimulate recruitment of
CXCR3 + T Cells to the brain during Plasmodium berghei-mediated cerebral malaria. J Immunol
178, 5779-5788

Harrop R, Wilson RA (1993). Protein synthesis and release by cultured schistosomula of
Schistosoma mansoni. Parasitology 107, 265-274

Hawk MW, Shahlaie K, Kim KD, Theis JH (2005). Neurocysticercosis: a review. Surg Neuro!
63, 123-132

He YX, Chen L, Ramaswamy K (2002). Schistosoma mansoni, S. haematobium, and S.
Jjaponicum: early events associated with penetration and migration of schistosomula through

human skin. Exp Parasitol 102, 99-108

Herman JS, Chiodini PL (2009). Ganthostomiasis, another emerging imported disease. Clin
Microbiol Rev 22, 484-492

Hervé M, Angeli V, Pinzar E, Wintjens R, Faveeuw C, Narumiya S, Capron A, Urade Y,
Capron M, Riveau G, Trottein F (2003). Pivotal roles of the parasite PGD2 synthase and of the

host D prostanoid receptor 1 in schistosome immune evasion. Eur J Immunol 33, 2764-2772

Hickey WF, Kimura H (1988). Perivascular microglial cells of the CNS are bone marrow-

derived and present antigen in vivo. Science 239, 290-292
Hockley DJ (1973). Ultrastructure of the tegument of Schistosoma. Adv Parasitol 11, 233-306

Hockley DJ, McLaren DJ (1973). Schistosoma mansoni: changes in the outer membrane of the

tegument during development from cercaria to adult worm. Int J Parasitol 3, 13-25

Hogg KG, Kumkate S, Moutford AP (2003). IL-10 regulates early IL-12-mediated immune

responses induced by the radiation-attenuated schistosomes vaccine. Int Immunol 15, 1451-1459

Horak P, Dvorak J, Kolarova L, Trefil L (1999). Trichobilharzia regenti, a pathogen of the

avian and mammalian central nervous system. Parasitology 119, 577-581

Horak P, Kolafova L (2001). Bird schistosomes: do they die in mammalian skin? Trends
Parasitol 17, 66-69
Horak P, Kolarova L (2005). Molluscan and vertebrate immune responses to bird schistosomes.

Parasite Immunol 27, 247-255

80


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harrop%20R%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramaswamy%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Exp Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herv%C3%A9%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wintjens%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Faveeuw%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Narumiya%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Capron%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Urade%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Capron%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Riveau%20G%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Eur J Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasite Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harrop%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilson%20RA%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22He%20YX%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramaswamy%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Exp Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herv%C3%A9%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Angeli%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinzar%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wintjens%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Faveeuw%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Narumiya%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Capron%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Urade%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trottein%20F%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Eur J Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Trends Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D

Horak P, Kolarova L (2011). Snails, waterfowl and cercarial dermatitis. Freshwater Biol 56,779-

790

Horak P, Kolafova L, Adema CM (2002). Biology of the schistosome genus Trichobilharzia.
Adv Parasitol 52, 155-233

Horak P, Kolarfova L, Dvorak J (1998). Trichobilharzia regenti n. sp. (Schistosomatidae,

Bilharziellinae), a new nasal schistosome from Europe. Parasite 5, 349-357

Horak P, Kovai L, Kolafova L, Nebesarova J (1998). Cercaria-schistosomulum surface
transformation of Trichobilharzia szidati and its putative immunological impact. Parasitology

116, 139-147

Horta MF, Ramalho-Pinto FJ, Fatima M (1991). Role of human decay-accelerating factor in
the evasion of Schistosoma mansoni from the complement-mediated killing in vitro. J Exp Med

174, 1399-1407

Hotez P, Haggerty J, Hawdon J, Milstone L, Gamble HR, Schad G, Richards F (1990).
Metalloproteases of infective Ancylostoma hookworm larvae and their possible functions in tissue

invasion and ecdysis. Infect Immun 58, 3883—3892

Hradkova K, Horak P (2002). Neurotropic behaviour of Trichobilharzia regenti in ducks and
mice. J Helminthol 76, 137-141

Inal JM, Schifferli JA (2002). Complement C2 receptor inhibitor trispanning and the beta-chain
of C4 share a binding site for complement C2. J Immunol 168, 5213-5221

Jenkins SJ, Hewitson JP, Jenkins GR, Mountford AP (2005). Modulation of the host's immune

response by schistosome larvae. Parasite Immunol 27, 385-393

Jiang H, Williams GJ, Dhib-Jalbut S (1997). The effect of interferon B-1b on cytokine-induced

adhesion molecule expression. Neurochem Int 30, 449-453

Jiang J, Skelly PJ, Shoemaker CB, Caulfield JP (1996). Schistosoma mansoni: the glucose
transport protein SGTP4 is present in tegumental multilamellar bodies, discoid bodies, and the

surface lipid bilayers. Exp Parasitol 82,201-210

Jindrak K (1968). Early migration and pathogenicity of Angiostrongylus cantonensis in
laboratory rats. Ann Trop Med Parasitol 62, 506-517

Jones MK, Gobert GN, Zhang L, Sunderland P, McManus DP (2004). The cytoskeleton and
motor proteins of human schistosomes and their roles in surface maintenance and host-parasite

interactions. Bioessays 26, 752-765

81


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hewitson%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mountford%20AP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasite Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Skelly%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoemaker%20CB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caulfield%20JP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Exp Parasitol.');
javascript:AL_get(this, 'jour', 'Parasite Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jiang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Skelly%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoemaker%20CB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caulfield%20JP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Exp Parasitol.');

Jutel M, Watanabe T, Akdis M, Blaser K, Akdis CA (2002). Immune regulation by histamine.
Curr Opin Immunol 14, 735-740

Jutel M, Watanabe T, Klunker S, Akdis M, Thomet OAR, Malolepszy J, Zak-Nejmark T,
Koga R, Kobayashi T, Blaser K, Akdis CA (2001). Histamine regulates T-cell and antibody
responses by differential expression of H1 and H2 receptors. Nature 413, 420-425

Kanamori Y, Niwa M, Kohno K, Al-Essa LY, Matsuno H, Kozawa O, Uematsu T (1997).
Migration of neutrophils from blood to tissue: alteration of modulatory effects of prostanoid on

superoxide generation in rabbits and humans. Life Sci 60, 1407-1417

Ka$ny M, Mike§ L, Dalton JP, Mountford AP, Horak P (2007). Comparison of cysteine
peptidase activities in Trichobilharzia regenti and Schistosoma mansoni cercariae. Parasitology

134, 1599-1609

Katchanov J, Nawa Y (2010). Helminthic invasion of the central nervous system: Many roads

lead to Rome. Parasitol Int 59, 491-496

Kawakami T, Galli SJ (2002). Regulation of mast-cell and basophil function and survival by IgE.
Nat Rev Immunol 2, 773-786

Kazacos KR (2001). Baylisascaris procyonis and related species, p. 301-341. /n Samuels WM,
Pybus MJ, Kocans AA (ed.), Parasitic diseases of wild mammals, 2™ ed. Iowa State University

Press, Ames, lowa.

Kolafova L, Gottwaldova V, Cechova D, Sevcova M (1989). The occurrence of cercarial

dermatitis in Central Bohemia. Zentralbl Hyg Umweltmed 189, 1-13

KolaFova L, Horiak P, Cada F (2001). Histopathology of CNS and nasal infections caused by
Trichobilharzia regenti in vertebrates. Parasitol Res 87, 644-650

Kourilova P, Hogg KG, Kolafova L, Mountford AP (2004a). Cercarial dermatitis caused by
bird schistosomes comprises both immediate and late phase cutaneous hypersensitivity reactions. J

Immunol 172, 3766-3774

Koufilova P, Syricek M, Kolarova L (2004b). The severity of mouse pathologies caused by the

bird schistosome Trichobilharzia regenti in relation to host immune status. Parasitol Res 93, 8-16

Kreutzberg GW (1996). Microglia: a sensor for pathological events in the CNS. Trends Neurosci
19, 312-318

Kumar P, Ramaswamy K (1999). Vaccination with irradiated cercariae of Schistosoma mansoni
preferentially induced the accumulation of interferon-gamma producing T cells in the skin and

skin draining lymph nodes of mice. Parasitol Int 48, 109-119

82


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jutel%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Akdis%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blaser%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Curr Opin Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanamori%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Niwa%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kohno%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuno%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kozawa%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uematsu%20T%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Life Sci.');
javascript:AL_get(this, 'jour', 'Life Sci.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mikes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dalton%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mountford%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gottwaldov%C3%A1%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cechov%C3%A1%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sevcov%C3%A1%20M%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Zentralbl Hyg Umweltmed.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramaswamy%20K%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Int.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jutel%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Akdis%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blaser%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Akdis%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanamori%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Niwa%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kohno%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Al-Essa%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuno%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kozawa%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uematsu%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kasn%C3%BD%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mikes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dalton%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mountford%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gottwaldov%C3%A1%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cechov%C3%A1%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sevcov%C3%A1%20M%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Zentralbl Hyg Umweltmed.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20P%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Int.');

Kusel JR, Al-Adhami BH, Doenhoff MJ (2007). The schistosome in the mammalian host:
understanding the mechanisms of adaptation. Parasitology 134, 1477-1526

Laclette JP, Shoemaker CB, Richter D, Arcos L, Pante N, Cohen C, Bing D, Nicholson-
Weller A (1992). Paramyosin inhibits complement C1. J Immunol 148, 124-128

Larsen AH, Bresciani J, Buchmann K (2004). Increasing frequency of cercarial dermatitis at

higher latitudes. Acta Parasitol 49, 217-221

Lawrence RA, Allen JE, Osborne J, Maizels RM (1994). Adult and microfilarial stages of the
filarial parasite Brugia malayi stimulate contrasting cytokine and Ig isotype responses in BALB/c

mice. J Immunol 153, 1216-1224

Lee JD, Tsai LY, Chen CH, Wang JJ, Hsiao JK, Yen CM (2006). Blood-brain barrier

dysfunction occurring in mice infected with Angiostrongylus cantonensis. Acta Trop 97,204-211

Liao CW, Cho WL, Kao TC, Su KE, Lin YH, Fan CK (2008). Blood-brain barrier impairment
with enhanced SP, NK-1R, GFAP and Claudin-5 expressions in experimental cerebral

toxocariasis. Parasite Immunol 30, 525-534

Lichtenbergova L, Kolbekova P, Koutilova P, Kasny M, Mike§ L, Haas H, Schramm G,
Horak P, Kolarova L, Mountford AP (2008). Antibody responses induced by Trichobilharzia
regenti antigens in murine and human hosts exhibiting cercarial dermatitis. Parasite Immunol 30,

585-595

Lichtenbergova L, Lassmann H, Malcolm KJ, Kolafova L, Horak P (2011). Trichobilharzia
regenti: Host immune response in the pathogenesis of neuroinfection in mice. Exp Parasitol,

doi:10.1016/j.exppara.2011.04.006.

Loukas A, Jones MK, King LT, Brindley PJ, McManus DP (2001). Receptor for Fc on the

surfaces of schistosomes. Infect Immun 69, 3646-3651

Machado DC, Horton D, Harrop R, Peachell PT, Helm BA (1996). Potential allergens
stimulate the release of mediators of the allergic response from cells of mast cell lineage in the

absence of sensitization with antigen-specific IgE. Eur J Immunol 26, 2972-2980

Mackerras MJ, Sandars DF (1954). The life history of the rat lung-worm, Angiostrongylus
cantonensis (Chen) (Nematoda: Metastrongylidae). Australian J Zool 3, 1-21

Male D, Rahman J, Pryce G, Tamatani T, Miyasaka M (1994). Lymphocyte migration into the
CNS modelled in vitro: roles of LFA-1, ICAM-1 and VLA-4. Immunology 81, 366-372

Marikovsky M, Arnon R, Fishelson Z (1988). Proteases secreted by transforming schistosomula

of Schistosoma mansoni promote resistance to killing by complement. J Immunol 141, 273-278

83


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lawrence%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allen%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osborne%20J%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Machado%20DC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horton%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harrop%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peachell%20PT%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Eur J Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lawrence%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Allen%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osborne%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maizels%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Machado%20DC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horton%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harrop%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peachell%20PT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Helm%20BA%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Eur J Immunol.');

Marikovsky M, Arnon R, Fishelson Z (1990). Schistosoma mansoni: localization of the 28 kDa

secreted protease in cercaria. Parasite Immunol 12, 389-401

Matsumoto Y, Perry G, Levine RJ, Blanton R, Mahmoud AA, Aikawa M (1988). Paramyosin

and actin in schistosomal teguments. Nature 333, 76-78

McGeer PL, McGeer EG (2001). Inflammation, autotoxicity and Alzheimer disease. Neurobiol
Aging 22, 799-809

Mclntosh RS, Jones FM, Dunne DW, McKerrow JH, Pleass RJ (2006). Characterization of
immunoglobulin binding by schistosomes. Parasite Immunol 28, 407-419

McKerrow JH, Doenhoff MJ (1988). Schistosome proteases. Parasitol Today 4, 334-340

Meinking TL, Burkhart CN, Burkhart CG (2003). Changing paradigms in parasitic infections:

common dermatological helminthic infections and cutaneous myiasis. Clin Dermatol 21, 407-416

Merrill JE, Graves MC, Mulder DG (1992). Autoimmune disease and the nervous system.
Biochemical, molecular and clinical update. West J Med 156, 639-646

Mikes$ L, Zidkova L, Kasny M, Dvorak J, Horak P (2005). /n vitro stimulation of penetration
gland emptying by Trichobilharzia szidati and T. regenti (Schistosomatidae) cercariae.

Quantitative collection and partial characterization of the products. Parasitol Res 96, 230-241

Min B, Prout M, Hu-Li J, Zhu J, Jankovic D, Morgan ES, Urban JF Jr, Dvorak AM,
Finkelman FD, LeGros G, Paul WE (2004). Basophils produce IL-4 and accumulate in tissues
after infection with a Th2-inducing parasite. J Exp Med 16, 507-517

Mitre E, Taylor RT, Kubofcik J, Nutman TB (2004). Parasite antigen-driven basophils are a

major source of IL-4 in human filarial infections. J Immunol 172, 2439-2445

Modha J, Roberts MC, Kusel JR (1996). Schistosomes and serpins: a complex business.
Parasitol Today 12, 119-121

Moertel CL, Kazacos KR, Butterfield JH, Kita H, Watterson J, Gleich GJ (2001). Eosinophil-
associated inflammation and elaboration of eosinophil-derived proteins in 2 children with raccoon

roundworm (Baylisascaris procyonis) encephalitis. Pediatrics 108, E93

Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A (2001). Interleukin-10 and the
interleukin-10 receptor. Ann Rev Immunol 19, 683-765

Mountford AP, Trottein F (2004). Schistosomes in the skin: a balance between immune priming

and regulation. Trends Parasitol 20, 221-226

84


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meinking%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burkhart%20CN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burkhart%20CG%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Clin Dermatol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Min%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prout%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhu%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jankovic%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morgan%20ES%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Finkelman%20FD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LeGros%20G%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Exp Med.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meinking%20TL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burkhart%20CN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burkhart%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mikes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Z%C3%ACdkov%C3%A1%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kasn%C3%BD%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dvor%C3%A1k%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hor%C3%A1k%20P%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Res.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Min%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prout%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu-Li%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhu%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jankovic%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morgan%20ES%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Urban%20JF%20Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dvorak%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Finkelman%20FD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LeGros%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Paul%20WE%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Exp Med.');

Mulvenna J, Moertel L, Jones MK, Nawaratna S, Lovas EM, Gobert GN, Colgrave M, Jones
A, Loukas A, McManus DP (2010). Exposed proteins of the Schistosoma japonicum tegument.
Int J Parasitol 40, 543-554

Myer DJ, Gurkoff GG, Lee SM, Hovda DA, Sofroniew MV (2006). Essential protective roles

of reactive astrocytes in traumatic brain injury. Brain 129, 2761-2772

Na BK, Kim SH, Lee EG, Kim TS, Bae YA, Kang I, Yu JR, Sohn WM, Cho SY, Kong Y
(2006). Critical roles for excretory-secretory cysteine proteases during tissue invasion of

Paragonimus westermani newly excysted metacercariae. Cell Microbiol 8, 1034-1046

Nascimento-Carvalho CM, Moreno-Carvalho OA (2005). Neuroschistosomiasis due to
Schistosoma mansoni: a review of pathogenesis, clinical syndromes and diagnostic approaches.

Rev Inst Med Trop Sao Paulo 47, 179-184

Nevhutalu PA, Salafsky B, Haas W, Conway T (1993). Schistosoma mansoni and

Trichobilharzia ocellata: comparison of secreted cercarial eicosanoids. J Parasitol 79, 130-133

Nikolskaia OV, de A Lima AP, Kim YV, Lonsdale-Eccles JD, Fukuma T, Scharfstein J,
Grab DJ (2006). Blood-brain barrier traversal by African trypanosomes requires calcium

signaling induced by parasite cysteine protease. J Clin Invest 116, 2739-2747

Nordal RA, Wong CS (2004). Intercellular adhesion molecule-1 and blood-spinal cord barrier

disruption in central nervous system radiation injury. J Neuropathol Exp Neurol 63, 474-483

Norenberg MD (1994). Astrocyte responses to CNS injury. J Neuropathol Exp Neurol 53, 213-
220

Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG (2000). Multiple sclerosis. N
Engl J Med 343, 938-952

Olivier L (1953). Observations on the migration of avian schistosomes in mammals previously

unexposed to cercariae. J Parasitol 39, 237-246

Othman AA, Abdel-Aleem GA, Saied EM, Mayah WW, Elatrash AM (2010). Biochemical
and immunopathological changes in experimental neurotoxocariasis. Mol Biochem Parasitol 172,

1-8

Pearce EJ, MacDonald AS (2002). The immunobiology of schistosomiasis. Nature Rev 2, 499-
511

Perry VH, Anthony DC, Bolton SJ, Brown HC (1997). The blood-brain barrier and the
inflammatory response. Mo/ Med Today 3, 335-341

Pittella JE (1997). Neurocysticercosis. Brain Pathol 7, 681-693
85


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mulvenna%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moertel%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jones%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nawaratna%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lovas%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gobert%20GN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Colgrave%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loukas%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McManus%20DP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Int J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kang%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kong%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mulvenna%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gobert%20GN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jones%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Loukas%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McManus%20DP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Na%20BK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20SH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20EG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20TS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bae%20YA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kang%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yu%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sohn%20WM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cho%20SY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kong%20Y%22%5BAuthor%5D

Pittella JE, Lana-Peixoto MA (1981). Brain involvement in hepatosplenic schistosomiasis

mansoni. Brain 104, 621-632

Pleass RJ, Kusel JR, Woof JM. (2000). Cleavage of human IgE mediated by Schistosoma
mansoni. Int Arch Allergy Immunol 121, 194-204

Pritchard DI, Hewitt C, Moqgbel R (1997). The relationship between immunological
responsiveness controlled by T-helper 2 lymphocytes and infections with parasitic helminths.

Parasitology 115, S33-S44

Prociv P, Spratt DM, Carlisle MS (2000). Neuro-angiostrongyliasis: unresolved issues. Int J
Parasitol 30, 1295-1303

Raible G, Schulman ES, DiMuzio J, Cardillo R, Post TJ (1992). Mast cell mediators
prostaglandin-D2 and histamine activate human eosinophils. J Immunol 148, 3536-3542

Ramaswamy K, He YX, Salafsky B (1997). ICAM-1 and iNOS expression increased in the skin
of mice after vaccination with y-irradiated cercariae of Schistosoma mansoni. Exp Parasitol 86,

118-132

Ramaswamy K, Kumar P, He YX (2000). A role for parasite-induced PGE, in IL-10-mediated
host immunoregulation by skin stage schistosomula of Schistosoma mansoni. J Immunol 165,

4567-4574
Re III VL, Gluckman SJ (2003). Eosinophilic meningitis. Am J Med 114, 217-223

Reddy MVR (2010). Immunomodulators of helminthes: promising therapeutics for autoimmune

disorders and allergic diseases. Indian J Clin Biochem 25, 109-110

Rincén M, Anguita J, Nakamura T, Fikrig E, Flavell RA (1997). Interleukin (IL)-6 directs the
differentiation of IL-4-producing CD4+ T cells. J Exp Med 185, 461-469

Rock RB, Gekker G, Hu S, Sheng WS, Cheeran M, Lokensgard JR, Peterson PK (2004).

Role of microglia in central nervous system infections. Clin Microbiol Rev 17, 942-964

Rusnak JM, Lucey DR (1993). Clinical gnathostomiasis: case report and review of the English-
language literature. Clin Infect Dis 16, 33-50

Salafsky B, Fusco A (1987). Eicosanoids as immunomodulators of penetration by Schistosome

cercariae. Parasitol Today 3, 279-281

Salter JP, Lim KC, Hansell E, Hsieh I, McKerrow JH (2000). Schistosome invasion of human
skin and degradation of dermal elastin are mediated by a single serine protease. J Biol Chem 275,

38667-38673

86


javascript:AL_get(this, 'jour', 'Int Arch Allergy Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salafsky%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fusco%20A%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Today.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salter%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lim%20KC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hansell%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hsieh%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKerrow%20JH%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Biol Chem.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pleass%20RJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kusel%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Woof%20JM%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Int Arch Allergy Immunol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salafsky%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fusco%20A%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Parasitol Today.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McKerrow%20JH%22%5BAuthor%5D

Salzet M, Capron A, Stefano GB (2000). Molecular crosstalk in host-parasite relationships:
Schistosome- and leech-host interactions. Parasitol Today 16, 536-540

Samuelson JC, Caulfield JP (1982). Loss of covalently labeled glycoproteins and glycolipids
from the surface of newly transformed schistosomula of Schistosoma mansoni. J Cell Biol 94,

363-369

Samuelson JC, Caulfield JP (1985). The cercarial glycocalyx of Schistosoma mansoni. J Cell
Biol 100, 1423-1434

Samuelson JC, Caulfield JP (1986). Cercarial glycocalyx of Schistosoma mansoni activates

human complement. Infect Immun 51, 181-186

Samuelson JC, Sher A, Caulfield JP (1980). Newly transformed schistosomula spontaneously

lose surface antigens and C3 acceptor sites during culture. J Immunol 124, 2055-2057

Schets FM, de Roda Husman AM (2005). Health complaints linked to surface water recreation
in the Netherlands, 2000- 2003. Euro Surveill 10, 2670

Schets FM, Lodder WJ, van Duynhoven YT, de Roda Husman AM (2008). Cercarial
dermatitis in the Netherlands caused by Trichobilharzia spp. J Water Health 6, 187-95

Schmutzhard E, Boongird P, Vejjajiva A (1988). Eosinophilic meningitis and radiculomyelitis
in Thailand, caused by CNS invasion of Gnathostoma spinigerum and Angiostrongylus

cantonensis. J Neurol Neurosurg Psychiatry 51, 80-87

Schramm G, Falcone FH, Gronow A, Haisch K, Mamat U, Doenhoff MJ, Oliveira G, Galle
J, Dahinden CA, Haas H (2003). Molecular characterization of an Interleukin-4-inducing factor
from Schistosoma mansoni eggs. J Biol Chem 278, 18384-18392

Scrimgeour EM, Gajdusek DC (1985). Involvement of the central nervous system in

Schistosoma mansoni and S. haematobium infection. A review. Brain 108, 1023-1038

Sewell D, Qing Z, Reinke E, Elliot D, Weinstock J, Sandor M, Fabry Z (2003).
Immunomodulation of experimental autoimmune encephalomyelitis by helminth ova

immunization. /nt Immunol 15, 59-69

Shandera WX, Kass JS (2006). Neurocysticercosis: current knowledge and advances. Curr
Neurol Neurosci Rep 6, 453-459

Sher A, Hall BF, Vadas MA (1978). Acquisition of murine major histocompatibility complex
gene products by schistosomula of Schistosoma mansoni. J Exp Med 148, 46-57

Skelly PJ, Wilson AR (2006). Making sense of the schistosome surface. Adv Parasit 63, 185-284

87


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Samuelson%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caulfield%20JP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Immunol.');
javascript:AL_get(this, 'jour', 'J Immunol.');
javascript:AL_get(this, 'jour', 'J Water Health.');
javascript:AL_get(this, 'jour', 'J Cell Biol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Samuelson%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sher%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caulfield%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schets%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lodder%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Duynhoven%20YT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Roda%20Husman%20AM%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Water Health.');

Skirnisson K, Aldhoun JA, Kolarova L (2009). A review on swimmer's itch and the occurrence

of bird schistosomes in Iceland. J Helminthol 83, 165-171

Slom TJ, Cortese MM, Gerber SI, Jones RC, Holtz TH, Lopez AS, Zambrano CH, Sufit RL,
Sakolvaree Y, Chaicumpa W, Herwaldt BL, Johnson S (2002). An outbreak of eosinophilic
meningitis caused by Angiostrongylus cantonensis in travelers returning from the Caribbean. N

Engl J Med 346, 668-675

Soleng A, Mehl R (2010). Geographical distribution of cercarial dermatitis in Norway. J
Helminthol 12, 1-8

Sorvillo F, Ash LR, Berlin OG, Yatabe J, Degiorgio Ch, Morse SA (2002). Baylisascaris

procyonis: an emerging helminthic zoonosis. Emerg Infect Dis 8, 355-359

Springer TA (1994). Traffic signals for lymphocyte recirculation and leukocyte emigration: the
multistep paradigm. Cell 76,301-314

Steeber DA, Tedder TF (2000). Adhesion molecule cascades direct lymphocyte recirculation and

leukocyte migration during inflammation. Immunol Res 22,299-317

Streit WJ (2002). Microglia as neuroprotective, immunocompetent cells of the CNS. Glia 40,
133-139

Suzuki Y, Claflin J, Wang X, Lengi A, Kikuchi T (2005). Microglia and macrophages as innate
producers of interferon-gamma in the brain following infection with Toxoplasma gondii. Int J

Parasitol 35, 83-90

Taylor JB, Vidal A, Torpier G, Meyer DJ, Roitsch C, Balloul JM, Southan C, Sondermeyer
P, Pemble S, Lecocq JP, et al. (1988). The glutathione transferase activity and tissue distribution
of a cloned Mr28K protective antigen of Schistosoma mansoni. EMBO J 7, 465-472

Thomas PG, Harn DA (2003). Immune biasing by helminth glycans. Cell Microbiol 6, 13-22
Thors C, Linder E (2001). Swimmers’ itch in Sweden. Helminthologia 38, 244

Travis J, Salvesen GS (1983). Human plasma proteinase inhibitors. Ann Rev Biochem 52, 655-
709

Turner H, Kinet JP (1999). Signalling through the high-affinity IgE receptor FceRI. Nature 402,
B24-30

Valdovinos C, Balboa C (2008). Cercarial dermatitis and lake eutrophication in south-central

Chile. Epidemiol Infect 136, 391-394

88


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sk%C3%ADrnisson%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aldhoun%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kol%C3%A1rov%C3%A1%20L%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'J Helminthol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Slom%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cortese%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gerber%20SI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jones%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holtz%20TH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lopez%20AS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zambrano%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sufit%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakolvaree%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaicumpa%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herwaldt%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taylor%20JB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vidal%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Torpier%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meyer%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roitsch%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Southan%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pemble%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lecocq%20JP%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'EMBO J.');
javascript:AL_get(this, 'jour', 'EMBO J.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valdovinos%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Balboa%20C%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Epidemiol Infect.');
javascript:AL_get(this, 'jour', 'J Helminthol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gerber%20SI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakolvaree%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaicumpa%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herwaldt%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taylor%20JB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vidal%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Torpier%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meyer%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roitsch%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Balloul%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Southan%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sondermeyer%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valdovinos%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Balboa%20C%22%5BAuthor%5D

Van Bolhuis GH, Rijks JM, Dorrestein GM, Rudolfova J, van Dijk M, Kuiken T (2004).
Obliterative endophlebitis in mute swans (Cygnus olor) caused by Trichobilharzia sp. (Digenea:

Schistosomatidae) infection. Vet Pathol 41, 658-665

Van der Kleij D, Latz E, Brouwers JF, Kruize YC, Schmitz M, Kurt-Jones EA, Espevik T,
de Jong EC, Kapsenberg ML, Golenbock DT, Tielens AG, Yazdanbakhsh M (2002). A novel
host-parasite lipid cross-talk: schistosomal lyso-phosphatidylserine activates toll-like receptor 2

and affects immune polarization. J Biol Chem 277, 48122-48129

Van der Kuip M, Hoogland PV, Groen RJ (1999). Human radicular veins: regulation of venous
reflux in the absence of valves. Anat Rec 254, 173-180

Van Hellemond JJ, Retra K, Brouwers JF, van Balkom BW, Yazdanbakhsh M, Shoemaker
CB, Tielens AG (2006). Functions of the tegument of schistosomes: clues from the proteome and

lipidome. Int J Parasitol 31, 691-699

Verbrugge LM, Rainey JJ, Reimink RL, Blankespoor HD (2004). Swimmer's itch: incidence
and risk factors. Am J Public Health 94, 738-741

Verity CK, Loukas A, McManus DP, Brindley PJ (2001). Schistosoma japonicum cathepsin D

aspartic protease cleaves human IgG and other serum components. Parasitology 122, 415-421

Vuong PN, Bayssade-Dufour C, Martins C, Bonéte R, Prigent F, Balaton A (2002). Dermatite
cercarienne: étude histologique et immuno-histochimique d'un cas humainCercarial dermatitis:

histological and immuno-histochemical study of a human case. Med Mal Infect 32, 284-293

Wang L, Li YL, Fishelson Z, Kusel JR, Ruppel A (2005). Schistosoma japonicum migration
through mouse skin compared histologically and immunologically with S. mansoni. Parasitol Res

95, 218-223

Weinstock JV, Elliott DE (2009). Helminth and the IBD hygiene hypothesis. Inflamm Bowel Dis
15, 128-133

Wills-Karp M, Santeliz J, Karp CL (2001). The germless theory of allergic disease: revisiting
the hygiene hypothesis. Nat Rev Immunol 1, 69-75

Wilson EH, Wille-Reece U, Dzierszinski F, Hunter CA (2005). A critical role for IL-10 in

limiting inflammation during toxoplasmic encephalitis. J Neuroimmunol 165, 63-74

Wilson RA, Barnes PE (1974). The tegument of Schistosoma mansoni: observations on the
formation, structure and composition of cytoplasmic inclusions in relation to tegument function.

Parasitology 68, 239-258

89


http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20der%20Kuip%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoogland%20PV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Groen%20RJ%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Anat Rec.');
javascript:AL_get(this, 'jour', 'Anat Rec.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Retra%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brouwers%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yazdanbakhsh%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tielens%20AG%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Int J Parasitol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verbrugge%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rainey%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reimink%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blankespoor%20HD%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Am J Public Health.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Hellemond%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Retra%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brouwers%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Balkom%20BW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yazdanbakhsh%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoemaker%20CB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verbrugge%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rainey%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reimink%20RL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blankespoor%20HD%22%5BAuthor%5D
javascript:AL_get(this, 'jour', 'Am J Public Health.');

Wood G, Delamont S, Whitby M, Boyle R (2001). Spinal sensory radiculopathy due to
Angiostrongylus cantonensis infection. Postgrad Med J 67, 70- 72

Wu SJ, Grouard-Vogel G, Sun W, Mascola JR, Brachtel E, Putvatana R, Louder MK,
Filgueira L, Marovich MA, Wong HK, Blauvelt A, Murphy GS, Robb ML, Innes BL, Birx
DL, Hayes CG, Frankel SS (2000). Human skin Langerhans cells are targets of dengue virus
infection. Nat Med 6, 816-820

90


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mascola%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brachtel%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Putvatana%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Filgueira%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marovich%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blauvelt%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frankel%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grouard-Vogel%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sun%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mascola%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brachtel%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Putvatana%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Louder%20MK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Filgueira%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marovich%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wong%20HK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blauvelt%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murphy%20GS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Robb%20ML%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Innes%20BL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Birx%20DL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hayes%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frankel%20SS%22%5BAuthor%5D

	INTRODUCTION
	Life cycle
	Invasion of the host skin
	Cercarial dermatitis
	Host immune response
	Mechanisms of schistosome immune response evasion
	Schistosomulum transformation
	Other evasion mechanisms

	CNS infections
	Pathogenesis and disease manifestation
	Immune response in CNS

	Immunomodulatory potential of schistosomes

	AIMS OF THE THESIS
	ORIGINAL PAPERS
	Lichtenbergová L., Lassmann H., Malcolm K.J., Kolářová L., Horák P. 2011. Trichobilharzia regenti: Host immune response in the pathogenesis of neuroinfection in mice. Experimental Parasitology, doi:10.1016/j.exppara.2011.04.006.
	Chanová M., Lichtenbergová L., Bulantová J., Mikeš L., Horák P. 2011. Immunolocalization of antigenic structures of intravertebrate stages of neuropathogenic schistosome Trichobilharzia regenti. Parasitology Research submitted manuscript
	SUMMARY OF THE RESULTS
	REFERENCES



