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CURRENT TRENDS IN TISSUE-AFFECTING HELMINTHS
GOTTSTEIN B.* & PIARROUX R.**

Summary: 
Some helminths have by their evolution learnt to systemically
invade a host organism, and to select specific organs or host cell
types as predilection site to reside, maturate or even proliferate.
These parasites needed to develop complex and unique strategies
to escape host immune reactions. The present work sheds some
light into the strategy developed by three different helminths
(Echinococcus multilocularis, Trichinella spiralis and Toxocara
canis) to survive in the host organ or host cell, respectively. The
crucial role of periparasitic host reactions that may help the host to
control the parasite, but which may also be responsible for
immunopathological events harmful to the host himself, are
elucidated as well. Finally, for these three parasites selected, the
murine host appears an acceptable model for carrying out
experimental studies, as for these parasites, rodents as well as
humans become infected in the parasites natural life cycle.
Therefore, conclusions drawn from murine experiments may
provide much more reliable data in view of their relevance for the
human infection, a fact that frequently lacks when using mice as
experimental model for other helminths.
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lopment will primarily occur in the liver parenchyma.
Some other larval stages of cestodes (not Echinococcus),
and the newborn larval stage of the nematode Trichi-
nella spiralis, will find their home in striated skeletal
muscle tissue. Third stage larvae (Brunaska et al., 1995)
of Toxocara canis migrate to muscles, brain and visceral
tissues in human and other intermediate (paratenic)
hosts. While Trichinella larvae have become successful
as intracellular parasites, T. canis and E. multilocularis
principally remain at an extracellular stage of parasitism.
All three parasite needed to develop complex and unique
strategies to escape host immune reactions. Efficiency
and efficacy of those strategies are proven by the fact
that all three parasites are able to persist in their hosts
for many years or more. They will survive in the organ
or the host cell without actually causing death. There-
fore, these parasites are considered as very successful,
in that disease is an aberrant finding occurring prima-
rily only in humans, which do actually not participate
in the completion of the natural life cycle. In the follo-
wing chapter, we will shed some light into the parasite
strategy developed to survive in the host organ or cell,
respectively, and into the periparasitic host reaction that
may help the host to control the parasite, but which may
also be responsible for immunopathological events
harmful to the host himself. Finally, for these three para-
sites selected, the murine host appears an acceptable
model for carrying out experimental studies, as for these
parasites, rodents as well as humans become infected
in the parasites natural life cycle. Therefore, conclusions
drawn from murine experiments may provide much
more reliable data in view of their relevance for the
human infection, a fact that frequently lacks when using
mice as experimental model for other helminths.

BIOLOGICAL FEATURES OF ECHINOCOCCUS
MULTILOCULARIS METACESTODES

The metacestode that causes alveolar echinococ-
cosis (AE) consists of a cluster of fluid-filled vesi-
cles, which are structured into a cellular and an

acellular compartment. The outer acellular surface of

The list of helminthic parasites infecting humans is
long and rich in species diversity. Although the
most prominent fundamental niche parasitized by

these helminths is the gastro-intestinal (GI) tract, a series
of helminths have by their evolution learnt to systemi-
cally invade the actual host organism, and to select spe-
cific organs or host cell types as predilection site to
reside, maturate or even proliferate, until life-cycle conti-
nues in another host. Some of these helminths enter the
host via the GI, but subsequently they will continue their
pathway by penetrating first into the intestinal epithe-
lium and lamina propria, after which they will be trans-
ported via blood or lymph to the anticipated predilec-
tion site. Echinococcus multilocularis, after leaving the
intestinal tissue, will reach the next anatomical capillary
system represented by the liver, thus metacestode deve-



the metacestode is formed by the laminated layer, a
carbohydrate-rich structure synthesized by the parasite.
The laminated layer plays a crucial role in the survival
strategy of the parasite by modulating immunological
and physiological reactions on part of the host The
actual larval tissue is formed by the germinal layer, the
distal part of which consists of the tegument that is
directly associated with the inner surface of the lami-
nated layer. The tegument is characterized by micro-
villi-like extensions termed microtriches, which pro-
trude well into the matrix of the laminated layer and
increase the resorbing surface of the parasite. In addi-
tion, the germinal layer contains highly differentiated
cell types including connective tissue, muscle cells, and
glycogen storage cells, as well as many undifferentiated
cells. In E. multilocularis infection, metacestode deve-
lopment is closely intermingled with host (liver) connec-
tive tissue, the metacestode represents a multi-vesicular
structure that reproduces asexually, by exogenous for-
mation and budding of daughter vesicles, which resem-
bles progressive tumour-like growth (Fig. 1). This leads
to the formation of a large and heterogenuous para-
sitic mass, which exhibits mostly peripheral actively
proliferating sites, and in many cases, centrally located
necrotic tissue. Metastases formation may occur in other
organs due to release of germinal layer cells into the
blood or lymph system. E. multilocularis protoscoleces
development in humans has been described only rarely.

MURINE IMMUNE RESPONSE
IN E. MULTILOCULARIS INFECTION

The involvement of cellular immunity in control-
ling the infection is strongly suggested by the
intense granulomatous infiltration observed in

the periparasitic area of lesions in experimentally infec-
ted mice (Bresson-Hadni et al., 1990; Emery et al., 1996;
Vuitton et al., 1989). Immunodeficient athymic nude
(Playford & Kamiya, 1992) and SCID mice (Playford et
al., 1992) as well as HIV-co-infected patients (Sailer et
al., 1997; Zingg et al., 2004) exhibited high suscepti-
bility to infection and disease, thus suggesting that the
host cell mediated immune response plays an impor-
tant role in suppressing the larval growth. E. multilo-
cularis appears to induce skewed Th2-responses
(Emery et al., 1996). Based on in vitro and in vivo stu-
dies, Th2 dominated immunity was associated with
increased susceptibility to disease, while Th1 cell acti-
vation through IL-12 (Emery et al., 1996), IFN� (Liance
et al., 1998; Jenne et al., 1998), TNF� (Amiot et al.,
1999) and IFN� (Godot et al., 2003) was suggested to
induce protective immunity in AE (Emery et al., 1998;
Vuitton, 2003). Nevertheless, effective suppression of
larval growth by means of an immunological attack is
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hampered by the fact, that the parasite synthesizes a
carbohydrate-rich laminated layer in order to be pro-
tected from host effector mechanisms (Gottstein &
Hemphill, 1997). Another interesting feature observed
in chronic AE is a marked depression of the cell-media-
ted immune response (Baron & Tanner, 1976; Devouge
& Ali-Khan, 1983; Kizaki et al., 1991; 1993). These
general characteristics of E. multilocularis, including the
seemingly tumor like growth, its ability to modulate
host immune responses, and the fact that in vitro cul-
ture is an established technique, renders this parasite
a very attractive model to study the host-parasite inter-
play in view to reveal potentially novel modes of the-
rapy (Vuitton, 2003). The larval infection with E. mul-
tilocularis begins with the intrahepatic postoncospheral
development of a metacestode. In certain cases, an
appropriate host immune response may inhibit para-
site proliferation. Several lines of evidence obtained in
vivo and in vitro indicate the important bio-protective
role of the LL (Gottstein et al., 2002). For instance, the
LL has been proposed to protect the GL from nitric
oxide produced by periparasitic macrophages and den-
dritic cells, and also to prevent immune recognition by
surrounding T cells. On the other hand, the high per-
iparasitic NO production by peritoneal exudate cells
contributes to periparasitic immunosuppression (Dai et
al., 1999; Andrade et al., 2004), explaining why iNOS
deficient mice exhibit a significantly lower susceptibi-
lity towards experimental infection (Dai et al., 2003).
The intense periparasitic granulomatous infiltration
indicates an intense host-parasite interaction, and the
involvement of cellular immunity in control of the
metacestode growth kinetics is strongly suggested by

Fig. 1. – Macroscopic cross-section through a primate liver heavly
affected by alveolar echinococcosis (metacestode of Echinococcus
multilocularis).














