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Cermékova et al provided us with
excellent reviews on helminth infec-
tions in humans in two recent issues
of the Journal [1,2]. Helminths are
divided into two major phyla and all
members of each phylum have dis-
tinct structural features that separate
them from others.

1. Nematodes include major intestinal
worms and filarial worms (causing
lymphatic filariasis).

2. Platyhelminths include Trematodes
(flukes) and Cestodes (tapeworms).

Humans and helminths have co-
existed throughout the course of our
evolution. It has been estimated that
more than a billion people worldwide
are infected with one or more hel-
minths. These worm infections do not
generally lead to mortality. They are
however chronic in nature and lead to

considerable morbidity [15,16].

Examination of the immunology of
helminth infections reveals a number
of characteristics that are generally
conserved across all species. Hel-
minths interact with both host innate
and adoptive immunity to stimulate
immune regulatory circuitry and to
dampen effector pathways that drive
aberrant inflammation. Protective
immunity to helminths depends most-
ly on T lymphocytes. The CD4+ subset
of T cells plays a major role in genera-
tion of the host protective response
that expels the worms. In the majority
of cases, the immune reactions of the
hosts to worm infections are strikingly
dominated by Th2 CD4+ T lympho-

cytes responses with a significant pro-
duction of regulatory cytokines (IL-4,
IL-5, TGFbeta, IL-10), B lymphocytes
activation (and production of antibo-
dies in IgE, 18G1 and IgG4 subclasses),
mast cell reaction and eosinophil dif-
ferentiation and recruitment. In addi-
tion to stimulating a vigorous Th2
response, helminth infections are also
capable of inducing regulatory T lym-
phocytes (natural Tregs, Trl and Th3).
They play an important role in main-
taining homeostasis under various
disease conditions, including autoim-
mune disease, chronic inflammation,
cancer and microbial infections. Th2
immune over-reaction to helminth
infection may also have harmful con-
sequences for the host, e.g. in activa-
tion of hepatic stellate cells as media-
tors of fibrosis (resulting in fibro-gra-
nulomatous inflammatory organ da-
mage) [4,7,15-171.

Nearly 30 years ago, it was hypo-
thesised that improving living stan-
dards, hygienic lifestyles and medical
conditions in developed countries are
associated with a changed and
reduced pattern of exposure to micro-
organisms, leading to disordered regu-
lation of the immune system, and
hence an increase in certain inflam-
matory disorders. The concept began
with allergic disorders (atopy, eczema,
bronchial asthma, food allergy) but
nowadays it could be extended to
include autoimmunity (type 1 diabetes
mellitus, autoimmune liver disease,
connective tissue disease), inflamma-

tory bowel disease, neurodegenera-
tive and neuroinflammatory disorders
(Alzheimer’s disease, Parkinson’s dis-
ease, multiple sclerosis), atherosclero-
sis, mood disorders (depression asso-
ciated with raised inflammatory cyto-
kines) and some cancers [9-11].
Helminth-induced Th2 response
can attenuate damaging Thl-driven
inflammatory responses in the host
[15]. Intestinal helminthiasis also pro-
motes a strong Th2-polarising immune
T cell response to Helicobacter pylori
and thus might decrease the risk of
gastric cancer later in life [19,20]. The
high prevalence of Helicobacter pylori
and low rate of gastric cancer in Africa
and some parts of Asia were called
the “African or Asian (Indian) Enigma”
and explained merely by the high
prevalence of helminth infections.
However, some authors doubt this link
and point out that other factors like
the host’s genetics, dietary and envi-
ronmental factors might explain this
“enigma”. Further studies are needed
to solve this controversial issue [5,13].
Incidence of inflammatory bowel
disease has steadily increased in
developed countries since the 1950’s.
It was suggested that with the higher
hygiene standards in these countries,
people (especially raising children) are
less exposed to helminths and this
fact modulates development of the
immune system and thereby increa-
ses the risk of inflammatory bowel
disease later in life (IBD hygiene
hypothesis) [4,10,11,17,18].
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Cermakova et al nam v posled-
nich dvou c¢islech naseho casopisu
nabidli skvélé prehledy o infekci
helminty u ¢lovéka [1,2]. Helminti jsou
rozdéleni do dvou kmen(, zastupci
jednotlivych kmenU maji rozdilné
strukturalni znaky, které je navzajem
rozliSuji.

1. Oblovci (Nemathelminthes) zahrnuji
hlavni intestinalni helminty s tfidou
hlistice (Nematoda) a vlasovce (zpU-
sobujici filariozu).

2. Plosténci (Plathelminthes) zahrnuji
motolice (Trematodes) a tasemnice
(Cestodes).

Clovék a helminti spolu koexistuji
po celou dobu vyvoje lidstva. Odha-
duje se, ze v soucasné dobé je celo-
svétové jedna miliarda lidi infikovana
jednim nebo vice helminty. Infekce
helminty vSeobecné nezvySuje zasad-
néjSim zplsobem mortalitu, vzhledem
k chronickému charakteru onemocné-
ni vSak vedou k vyznamné morbidité
[15,16].

Imunologicka vySetfeni u human-
nich infekci helminty odhalila fadu
charakteristik, které jsou spole¢né pro
vSechna species. Helminti interaguji
jak s nespecifickou, tak i specifickou
imunitou hostitele, stimuluji imunitni
regulacni systém a tlumi efektorové
cesty, které by mediovaly abnormalni
zanétlivé pochody. Imunitni reakce
vUci helmintim je zajiStovana prede-
v§im T lymfocyty. CD4+ subset T lymfo-
cytll pravdépodobné hraje rozhodujici
roli v obranné reakci hostitele k elimi-
naci helmintl z organizmu ¢lovéka. Ve
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vétsiné pripadl je dominantni reakci
hostitele na infekci parazity odpovéd
Th2 CD4+ T lymfocytd, ktera dale vede
ke stimulaci produkce regulacnich
cytokind (IL-4, IL-5, TGFbeta, IL-10),
aktivaci B lymfocytll (a produkci
imunoglobulinG IgE, 1gG1 a 1gG4
podtfid), reakci zirnych bunék a dife-
renciaci a mobilizaci eozinofill. Kromé
mohutné Th2 odpovédi je infekce
helminty schopna indukovat také
regulacni T lymfocyty (pfirozené Treg,
Tr1 a Th3). Ty hraji vyznamnou roli
v udrZovani homeostazy pii rdznych
chorobnych stavech, jako jsou auto-
imunitni nemoci, chronicky zanét, neo-
plazie a mikrobidlni infekce. ,Pre-
stfelena“ Th2 imunitni odpovéd na
infekci helminty ale mdZe mit pro hos-
titele i Skodlivé disledky, napt. v akti-
vaci hvézdicovitych bunék coby media-
tora fibrogeneze (s fibro-granulo-
matéznim zanétlivym poskozenim
rdznych organt) [4,7,15-17].

Jiz témér pred 30 lety byla vyslove-
na hypotéza, Ze zlepSujici se Zivotni
Uroven, hygienicky Zzivotni styl a Iékar-
ska péce v rozvinutych zemi je spoje-
na se snizenou expozici C¢lovéka
mikroorganizmim. To ma za nasledek
dysregulaci imunitniho systému a zvy-
Seni nékterych imunitnich poruch.
Tato koncepce se zpocatku tykala
pouze alergickych chorob (atopie,
ekzém, asthma bronchiale, potravi-
nova alergie), v soucasné dobé se
vSak rozsifila a zahrnuje také autoimu-
nitni choroby (diabetes mellitus 1. typu,
autoimunitni hepatitidy, systémova

onemocnéni  pojiva),

stfevni zanéty, neurodegenerativni

idiopatické

a zanétlivé neurologické nemoci
(Alzheimerova choroba, Parkinsonova
choroba, roztrousenda skleréza), atero-
sklerézu, poruchy nalady (deprese
spojené se zvySenymi zanétlivymi
cytokiny) a nékteré malignity [9-11].

Helminty indukovana Th2 odpo-
véd mUlze zmirnit poskozeni zplsobe-
na Thl zanétlivou odpovédi Clovéka
[15]. Stfevni helminti stimuluji silnou
Th2 imunitni odpovéd na infekci
Helicobacter pylori, a tak by mohli
snizit riziko karcinomu Zaludku
v pozdéjSim Zivoté hostitele [19,20].
Vysoka prevalence Helicobacter pylori
a nizky vyskyt rakoviny Zaludku
v Africe a nékterych zemich Asie jsou
oznacovany jako ,africkd nebo asijska
(indickd) zahada“ a jsou vysvétlovany
pravé vysokou prevalenci parazitar-
nich infekci na téchto kontinentech.
AvSak néktefi autofi pochybuji, Ze
tento vztah je pfi¢inny, a zdUraznuji, ze
»zahadu“ je mozZno vysvétlit jinymi fak-
tory, jako jsou geneticka vybava hos-
titele, dietni faktory a vlivy zevniho
prostfedi. Bude tedy treba dalSich
studii, které toto kontroverzni téma
objasni [5,13].

Incidence idiopatickych stfevnich
zanétl ve vyspélych zemich trvale
stoupd od 50. let minulého stoleti.
Néktefi autori predpokladaji, ze diky
vysokému hygienickému standardu
v rozvinutych zemich jsou lidé (zejmé-
na rostouci déti) méné infikovani
helminty a tento fakt moduluje vyvoj

51



The first worm-based therapies
directed against several immunopat-
hology-mediated diseases have been
already tried [6,8,18]. Trichuris suis
(porcine whipworm) is not a natural
human parasite but it has been shown
experimentally to colonise humans
briefly without causing disease. Ova of
Trichuris suis were administrated in
Crohn’s disease and improved symp-
toms in these patients. At week 24,
23/29 patients (79%) responded and
21/29 (72%) remitted [14]. Croese et
al [3] inoculated infective larvae of
Necator americanus (haematopha-
gous hookworm) in nine patients with
Crohn’s disease. Haemoglobin fell
only marginally. Crohn’s disease was
improved in seven subjects (long-term
immune suppressive drugs could be
reduced) while activated in two [3].

Schistosoma mansoni improved
murine colitis and
reduced atherogenesis in mice [10].
Experimental colitis was also impro-

experimental

ved by Hymenolepis nana, Trichinella
spiralis, Heligmosomoides polygyrus
or Ancylostoma caninum [11].

The next logical step to avoid the
possible disadvantages and/or risks
of therapy with living parasites is iden-
tification and characterisation of
helminth-derived immunosuppressive
molecules that contribute to the pro-
tective effect. Recent studies indicate
that treatments with helminth extracts
may be as effective as treatment with
living worms and the protection
achieved is not specific for just one
helminth species. Isolated helminth
proteins may provide a more readily
acceptable form of therapy for

patients than living worms [11,12].

Chronic helminth infection in
humans induces Th2 CD4+ T cell-
mediated immune responses and
thus provides protection against
several diseases from dysregulated
inflammation and other immunopat-
hologic reactions. Initial experience
with worm-based therapies in these
diseases provides promising and
encouraging results. More thorough
understanding of the complex rela-
tionship between the human host and
parasitic worms is necessary to deve-
lop novel and more effective therapies
both for helminth infection (in develo-
ping countries) and immunopatho-
logy-mediated disorders (in the indus-
trialised world).
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imunitniho systému a zvySuje riziko
vzniku idiopatickych stfevnich zanétd
v pozdéjSim Zivoté (,hygienicka hypo-
téza“ idiopatickych stfevnich zanét()
[4,10,11,17,18].

Prvni |éCebné pokusy s cervy byly
jiz vyzkouseny u fady imunopatologic-
kych stavi [6,8,18]. Trichuris suis
(tenkohlavec praseci, stfevni hlistice
prasete) neni pfirozenym lidskym
parazitem, experimentalné vSak bylo
prokdzano, Zze muze Clovéka kratko-
dobé kolonizovat, aniz by vyvolal
néjaké onemocnéni. Vajicka Trichuris
suis byla podana u Crohnovy choroby
a zlepSila symptomy u vétsSiny téchto
nemocnych. Za 24 tydnd po podani
23/29 pacientl (79 %) pfiznivé
odpovédélo a 21/29 (72 %) dosahlo
remise [14]. Croese et al [3] inokulo-
vali infekéni larvy Necator americanus
(méchovec americky) deviti nemoc-
nym s Crohnovou chorobou. Po podani

doslo jen k nevyznamnému poklesu
hemoglobinu. Crohnova choroba byla
zlepSena u sedmi osob (takZze mohla
byt redukovana dlouhodoba imuno-
supresni Iécba), u dvou pacient doslo
k aktivaci onemocnéni [3].
Schistosoma mansoni zlepSila
experimentalni mysi kolitidu a reduko-
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infekce Hymenolepis nana, Trichinella
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dam nebo riziklim 1éCby Zivymi parazi-
ty, je identifikace a analyza imuno-
supresnich molekul helmint(, které se
podileji na protektivnim efektu.
Nedavné studie ukazuji, Ze |écCba
extrakty z helmintd je stejné Gcinna
jako terapie Zivymi Cervy a dosazeny
ochranny efekt neni specificky pouze

pro jeden parazitarni druh. lzolované
proteiny helmintd by mohly poskytnout
pro pacienty vice pfrijatelnou formu
terapie, nez jsou zivi cervi [11,12].
Chronicka infekce helminty u ¢lo-
reakci
zprostredkovanou Th2 CD4+ T lymfo-
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véka indukuje imunitni
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