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Chapter 8

Parasite-specific cellular immune responsiveness
in humans infected with Necator americanus and
Oesophagostomum bifurcum
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SUMMARY

This study investigated parasite-specific cellular reactivity and Thl- or Th2-like
cytokine responses in humans infected with Necator americanus and Oesopha-
gostomum  bifurcum. In patients with mono-infections of N.americanus,
O.bifurcum larvae were not found in stool cultures during 9 consecutive months
of follow-up. In co-infected patients, the level of O.bifurcum-specific as well as
N.americanus-specific IgE was significantly elevated compared to those with
N.americanus mono-infections. Cellular responses were not strictly dominated by
type 1 or type 2 T helper cell reactivity. In co-infected patients cellular hypore-
sponsiveness to parasite antigens was observed, but the production of TNF-o and
[FN-y was greater. Th2-type cytokines (IL-5 and IL-10) were produced in equal
amounts by PBMC from individuals with mono- and co-infections. Such mixed
Thl- and Th2-type immune responsiveness associated with persisting gastroin-
testinal parasitic nematodes may reflect a state of infection at which parasite-
induced inflammatory and enteropathogenic responses counteract potentially
protective immune responses of the host. Since Thl-type responses are associated
with chronic intestinal helminth infection, as suggested by experimental studies
in animals, our observations support the idea that helminth co-infection will not
only suppress parasite-specific cellular responsiveness but may also direct cyto-

kine production towards a ,,permissive phenotype™ which favours parasite per-

sistence.

INTRODUCTION nematodes, with small numbers of
Gastrointestinal  infections  with worms generally being tolerated, and
roundworm parasites cause signifi- development of symptomatic disease
cant morbidity and mortality. In the occurring with increasing parasite
human host, infections tend to be accumulation. In man, the expression
chronic, re-infection rates high, and of protective immunity to hookworm
in addition to their direct pathogenic remains unclear. Experimental stud-
effects, persisting gastrointestinal ies in mice have shown that intestinal
worms may predispose for secondary helminth parasites are highly immu-
bacterial and protozoan infections. In nogenic and protective responses
addition, individuals living in en- against those parasites are critically
demic areas are likely to be co- depending upon CD4+ T cells. Th2-
infected with several gastrointestinal type cytokines including IL-4, IL-5,
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IL-9, and IL-13 are required for host
protection and cause expulsion of the
parasite, while IL-12 and IFN-y in-
hibit protective immunity and allow
establishment of a chronic infection
(Urban et al. 1992, Urban er al.
1998, Else et al. 1993, Finkelman et
al. 1997, Grencis 1997). This type of
protective immunity is in contrast to
observations in humans infected with
extra intestinal filarial parasites, in
whom a dominant Th2-like immu-
nity, i.e. enhanced cellular produc-
tion of IL-4, IL-5 and IL-10, eosino-
philia and augmented IgE and 1gG4,
represent characteristic traits of para-
site persistence and chronic infection
(King & Nutman 1992). In northern
Togo and Ghana, more than 70% of
the rural population is chronically
infected with the hookworm Necator
americanus, and almost 30% is in-
fected with Oesophagostomum bi-
Sfurcum (Pit et al. 1999). Until re-
cently human infections with
Oesophagostomum spp. were con-
sidered as rare zoonotic infections
and while most O.bifurcum-infected
individuals remain asymptomatic, in
a few patients O.bifurcum larvae in-
duce massive granulomatous reac-
tions (nodules) while penetrating the
intestinal wall, leading to ulceration
and gut perforation (Gigase er al.,
1987, Polderman et al. 1991, Krepel
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1994).

N.americanus-infected humans adult

et al. In  O.bifurcum- or
worms may persist for years with
little evidence of the development of
protective immunity, although epi-
demiological data support its exis-
tence (Woolhouse 1992, Quinnell et
al. 1990, Maizels ef al. 1993). In the
same population, however, despite
intense exposure to the parasite, a
small group of individuals will re-
main free of O.bifurcum infection
(endemic normals), i.e. they do not
excrete eggs in their stools as con-
firmed by repeated examinations.
Therefore, the determination of those
anti-parasite host-protective immune
responses that limit worm burden
and/or fecundity has important
pathophysiological as well as epide-
miological significance.

Up to date, little is known about the
parasite-specific cellular responsive-
ness in humans chronically infected
with O.bifurcum and N.americanus,
and the factors and mechanisms
which support protective immunity
or which contribute to parasite per-
sistence and enteropathy remain to
be investigated. The aim of this study
was to analyse the extend to which
parasite-specific cellular reactivity in
humans with mono- or co-infections
with OQ.bifurcum and N.americanus,
was dominated by Thl- or Th2-type
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immune responses, and whether
helminth co-infections may lead to
biased or exhausted immunocompe-

tence in patients.

MATERIAL AND METHODS
Study population and classifica-
tion of patient groups

This investigation was conducted in
northern Togo (West Africa) where
O.bifurcum and N.americanus infec-
tions are highly endemic (Polderman
et al. 1991). Patients originated from
a rural village in northern Togo,
the
(O.bifurcum prevalence 63%, hook-

close to Ghanaian  border
worm prevalence 75%, n=184). In
individuals with a N.americanus
mono-infection (n=20) O.bifurcum
larvae were not found in stool cul-
tures during 9 consecutive months of
observation. Informed consent was
obtained from all patients before
and

parasitological  examination

blood withdrawal.

Parasitological and serological
examination and classification of
patient groups

with  O.bifurcum

N.americanus were detected by stool

Infections and

cultures as previously described
(Polderman et al. 1991, Krepel et al.
1995). In order to distinguish be-

tween N.americanus and O.bifurcum
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infections, three grams of stool from
all participants were cultured for
seven days in the moist environment
of a petri-dish. The infective L3 lar-
vae were collected, identified as
O.bifurcum or N.americanus and
counted. Infection intensity was indi-
cated as the number of L3 larvae re-
covered from these cultures,

For the determination of O.bifurcum-
or N.americanus-specific 1gE in pa-
tients, sera were preabsorbed with
protein G (Pharmacia, Uppsala,
Sweden) as previously described by
Quinnell e al. 1995. Briefly, diluted
sera (1:4) in 0.035M PBS (pH 7.8)
were incubated on a rotor with an
equal volume of Protein G at 4°C
overnight. Thereafter, samples were
centrifuged for 15 min and super-
natants  collected.  Microtitration
plates (Maxisorb, Nunc) were coated
with 0.

N.americanus-specific antigen at 5

bifurcum- and
pg protein/ml in 0.IM sodium car-
bonate buffer (pH 9.6) overnight at
4°C. Plates were blocked with PBS
containing 1% bovine serum albumin
for 1 h at 37°C, then washed with
0.035M PBS and preabsorbed sera
(final dilution 1:40) was added in
duplicates and incubated at 4°C
overnight. After washing (as above),
anti-human IgE mouse monoclonal

antibody (Sigma) was used, followed
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by AP-conjugated rabbit anti-mouse
antibody (Sigma) (1 h at 37°C), and
after incubation with p-nitrophenyl
phosphate (pNPP) for 1 h at room
temperature absorbance was read at
405 nm. To correct for assay varia-
tion, results were expressed as ratios
between the absorbance values of

samples and defined control sera.

Preparation of Oesophagosto-
mum bifurcum and hookworm
antigens

Following treatment of patients with
pyrantel pamoate and purgation,
adult worms of O.bifurcum and
N.americanus were isolated as de-
scribed by Polderman et al. 1991.
Isolated adult worms were exten-
sively washed in PBS, transferred
into a Ten-Broek tissue grinder and
then extensively homogenised on ice.
The homogenate was then sonicated
twice (30% intensity) for 3 min on
ice, centrifuged at 16000g for 30 min
at 4°C. The supernatants were col-
lected, then sterile filtered (0.22um)
and the protein concentration deter-
mined with the BCA protein assay

(Pierce). The protein concentration

of the PBS-soluble O.bifurcum-
antigens (OesAg) was 4.8mg/ml; the
N.americanus-antigens (NecAg)

contained 1.1mg/ml protein.
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blood
mononuclear cells (PBMC) and
cell culture experiments

Isolation of peripheral

Heparinized blood was collected
from patients, and PBMC were iso-
lated within 36 hours by Ficoll-
Paque (Pharmacia) density gradient
centrifugation. Cell culture experi-
ments were conducted as previously
described by Soboslay et al. (1994).
Briefly, PBMC were adjusted to 1x
10”/ml in RPMI (Gibco, Grand Is-
land, NY) supplemented with 25 mM
HEPES buffer, 100 U/ml penicillin,
100 pg/ml streptomycin and 0,25
pg/ml amphotericin B; they were
then used immediately to stimulate
cytokine secretion, or cryopreserved
for proliferation assays. For prolif-
eration assays, cells were thawed and
seeded at 1x 10° cells/well in sterile
microtitre
MA).
Cells were suspended in RPMI (as

round-bottomed 96-well
plates (Costar, Cambridge,
above) containing 10% FCS, and
kept in 5% CO, at 37°C and satu-
rated  humidity.
stimulation with phytohaemaggluti-
nin (PHA; 1:100; Gibco) and for an-
tigenic stimulation with OesAg (24
pug/ml), NecAg (30 pg/ml) and
streptolysin-O (SL-Oj; 1:50; Difco),

cultures were maintained for 3 or 5

For  mitogenic

days respectively. For the last 18 hr,
1 pCi of [3H]thymidine was added;
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cells were then harvested on glass
fibre filters (Skatron) and the incor-
porated radicactivity determined by
scintillation (Beta
Plate; LKB-Pharmacia). Data are

indicated as mean values of triplicate

spectroscopy

cultures in c.p.m. minus baseline
stimulation.

Determination of cytokine pro-
duction

Freshly isolated PBMC were cul-
tured, in 5% CO, at 37 °C, at a con-
centration of 3,7x10° cells/ml in
RPMI (as above) supplemented with
1% heat-inactivated FCS,

presence of Q.bifurcum-derived anti-

in the

gen, N.americanus-derived antigen,
PHA or streptolysine-O at the same
concentrations as used for prolifera-
tion assays. Cell culture supernatants
were collected after 48hr and stored
in liquid nitrogen. Cytokine secretion
by stimulated PBMC was quantified
by sandwich ELISA using cytokine
specific monoclonal and polyclonal
antibodies interleukin-2(IL-2),
IL-4, IL-5, IL-10 (Pharmingen) as
described by Soboslay er al. 1994,
Interferon-y (IFN-y) and Tumour

for

Necrosis Factor-o¢  (TNF-o) was
quantified by ELISA (Holland Bio-
technology) as recommended by the

manufacturer.
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Statistical data analysis

Results are indicated as mean values
( mean = SEM of different groups).
Mean values of patient groups were
compared using Mann-Whitney non-

parametric test.

RESULTS
Parasitological and serological
data on study population

Demographic data for the study
population are shown in Table 1.
Investigations of patients’ parasite-
specific serological reactivity
that  O.bifurcum-

N.americanus- specific 1gG and 1gG

showed and
subclasses were strongly reactive,
but no differences were observed
between the study groups (data not
shown). Parasite-specific determina-
tion of IgE, however, clearly distin-
guished between co-(O.bifurcum and
N.americanus) and mong-
(N.americanus) infected individuals.
In co-infected patients the level of
OesAg-specific as well as NecAg-
specific IgE was significantly ele-
vated compared to individuals mono-
infected with hookworm. In mono-
infected patients, with potential ex-
O.bifurcum, OesAg-
specific IgE responses were lower
(P<0.01) than in co-infected patients,
but significantly higher (p<0.02) than

in hookworm-infected patients from

posure to
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Q. bifurcum-free areas (data not

shown).

Table 1: Parasitological and serological data on study groups. Patients originated from
a village where 63% of the population was infected with Q. bifurcum and 75% with N.

americanus.
O.bifurcum and N.americanus
N.americanus infected
infected (endemic)
Patients 26 20
Male/Female 10/16 8/12
Median age (range) 35(12-61) 12 {10-40)
O .bifurcum L3 per 3g stool 10 0
Median (range} (1-116)
N.americanus L3 per 3 g stool 25 30
Median (range) (1-258) {1-238)
IgE — reactivity to OesAg 0.23 £0.05
(OD + SEM) 0.41 £0.06%*
IgE — reactivity to NecAg 0.53 £0.05
(0D + SEM) 0.76 £ 0.07
(**p =0.021}

Cellular reactivity in mono-and
co-infected individuals

PBMC from patients were stimulated
with mitogens (PHA, ConA) as well
O.bifurcum- {OesAg),
N.americanus- (NecAg) and Strepto-
(SL-0)
antigens,  Cellular responses of
PBMC to the mitogen PHA were
similar in the patient groups. Cellular

coccus  pyogenes-specific

responses to bacterial SL-O were
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lowest in co-infected patients when
compared to mono-infected patients
(Table 2). Similarly, cellular reactiv-
ity

Q.bifurcum and N.americanus co-

to OesAg was lowest in
infected patients (Table 2}. In re-
sponse to NecAg, cellular reactivity
was low, both in co- (Q.b. and N.a.)
as well as in mono- (N.a.) infected

patients (Table 2).
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Table 2: Cellular reactivity to mitogens (PHA, Cond), bacterial antigen streptolysin-Q
(SL-0), Obifurcum-specific (OesoAg) and N.americanus-derived antigens (NecAg)
{cpmx 1000 £ SEM) of PBMC from doubly and singly N.americanus and O.bifurcum-
infected patients. Values on cellular reactivity are shown as net proliferation in
epmESEM of triplicate cell cultures from which baseline responses, i.e. no antigen
added, have been subtracted. ** (p < 0.05 )

O.bifurcum and N.americanus-infected
Stimulation N.americanus-infected
(n=26) (n=18)
PHA (5ug/ml) 55921 + 5940 69403 + 10790
ConA (Spg/mb) 45329 + 6539 73061 = 12760
NecAg {30ug/ml) 240 + 141 36 £ 23**
OesoAg (2dpg/ml) 704 £ 230 2094 £ 719%*
SL-O (1:50) 10543 + 3049 16622 + 5948
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Table 3: Production of Thi-type (IL-2, IFN-y, TNF-a) and Th2-type (IL-4, IL-5, iL-10)
cytokines (pg/ml £SEM) by PBMC from O.bifurcum and N.americanus-infected patients

in response to bacterial antigen (SL-O, 1:50), O.bifurcum-specific (OesoAg, 48 ug/ml)
and N.americanus-derived antigens (NecAg, 11 ug/ml). (** p<0.01, * p<0.03). Values

on cytokine production in response to bacterial and and helminth antigens are shown as

net production from which spontaneous background cytokine secrefion (i.e. no antigen
control) has been subtracted.

Patients
O.bifurcum and N.americanus-infected
N.americanus-infected
Cytokine Stimulation (n=26) (n=20)
SL-O 2612 + 349 1664+247
NecA, 13£11 <
IL-2 ecAg >
OesoAg 14=£5 15x15
SL-O 260897 2532+194
NecA T29+]17%* 137451
IFN-y ceAR
OesoAg 274L72%* 31x12
SL-O 5716+746 6166+630
7246£1508* 29432954
TNF-a NecAg
OesoAg 64761912 4433723
SL-O 454+64** 112134
+ *
1L-4 NecAg 28+14 <5
OesoAg 27+11 9+6
SL-O 55371666%* 33344544
1L-5 NecAg 142+52 60+43
OesoAg 515168 581+£1208
SL-O 35474£249*+* 1668+296
1163+194 +
IL-10 NecAg 63 1187+305
OesoAg 15594208 14631297
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Cytokine production by PBMC in
mono-and co-infected patients
Thi-type cytokines

Substantial amounts of several Thl-
type cytokines were secreted by
PBMC from N.americanus and
O.bifurcum co-infected patients. In
response o both OesAg and NecAg,
blood cells
infected individuals secreted more
IFN-yand TNF-c than PBMC from

mono-

peripheral from co-

those with N.americanus
infections (Table 3). Cellular pro-
duction of IL-2 in response to OesAg
and NecAg remained low (max. 30
pg/ml), and no significant differ-
ences were observed between patient
groups. However, in response to
PHA (not shown) and bacterial SL-O
substantial amounts of 1L-2 were
secreted, with higher concentration
being produced by PBMC from co-

infected individuals.

Th2-type cytokines
O.bifurcum-

derived antigens stimulated low level

and N.americanus-

cellular production of IL-4 in both
patient groups (Table 3). IL-5 and
IL-10 were induced in equal amounts
by OesAg and NecAg in PBMC
from those with mono- and co-
infections, but in response to bacte-
rnial SL-O significantly more IL-5
and IL-10 was produced by PBMC
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from co-infected patients. The
amount of IL-5 and IL-10 induced by
the mitogen PHA (data not shown)

was lower in mono-infected patients.

DISCUSSION

Experimental studies in ruminants
and laboratory rodents infected with
gastrointestinal nematodes have indi-
cated that Th2-type cytokine re-
sponses were critically important for
expulsion of the parasite (Finkelman
et al. 1991, Ishikawa 1998, Urban et
al. 1998). In the human host detailed
investigations on cytokine responses
and protective immunity are con-
founded by concurrent helminth in-
fections as frequently observed in
populations where gastrointestinal
helminths are endemic. Such co-
infections and the aggregation of
several parasites may predispose for
inappropriate immune responsive-
ness, or else deviate or even exhaust
immunocompetence of the human
host.

Our investigation of humans with
N.americanus and O.bifurcum mono-
or co-infections showed that expres-
sion of cellular immunity in patients
was not exclusively dominated by
type 1 or type 2 T helper cell re-
sponses, PBMC from both patient
groups produced TNF-o, Thl-like

IFN-y and [L-2 but also the Th2-like



cytokines IL-4, IL-5 and IL-10. Cel-
lular responsiveness to O.bifurcum-
derived antigens were statistically
lower in co-infected patients, while
interestingly, in those doubly in-
fected cases, much more IFN-g and
TNF-a were induced by NecAg and
OesoAg than in those individuals
with a single hookworm infection.
Such pronounced parasite-specific
cellular production of TNF-o and
IFN-y in co-infected patients indi-
that

O.bifurcum stimulate not only sys-

cates N.americanus  and
temic inflammatory but in all likeli-
hood enteropathogenic responses as
well. TNF-oo has been shown to
cause significant intestinal pathol-
ogy, which was enhanced by IFN-
Y (Garside ef al. 1993, Sartor 1994),
and in synergy TNF-o. and IFN-y
may cause more severe intestinal
damage. The capacity of Necator-
and Oesophagostomum-derived anti-
gens to induce inflammatory and
Thl-type cytokines may contribute to
those enteropathies which manifest
as villus atrophy and crypt hyperpla-
sia, as typically observed with intes-
tinal nematode infections (Miller
1979, Prociv 1997, Coutinho et al.
1996). Thus, elevated production of
TNF-a and Thl-like IFN-y in co-

infected patients may reflect more
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severe intestinal inflammation and
pathology caused by concurrent in-
fection with N.americanus and
O.bifurcum. Interestingly, levels of
IL-4 as being produced spontane-
ously as well as in response to SL-O
and NecAg were statistically higher
in co-infected cases, but also the net
production of IFN-g in response to
NecAg and OesoAg were elevated
(p<0.05) in those doubly infected,
while spontaneous IFN-g production
by PBMC was in  both

For IL-2, only low levels

similar
groups.
were secreted, both spontancously as
well as in response to NecAg and
OesoAg. Such low-level production
of 11-2 by PBMC in response to hel-
minth antigens has been reported
previously (Soboslay et al. 1992,
1994, and 1999) and this may be due
to the very nature of IL-2. IL-2 is an
autocrine growth factor and the val-
ues as determined in this study may
simply reflect the use of the cytokine
as it is produced.

In our study, PBMC from mono- and
co-infected patients secreted
equivalent amounts of IL-5 and IL-
10. N.americanus-derived antigens,
and to a much greater extent
O.bifurcum antigens, induced cellu-
lar production of IL-5 which will
activate and induce migration of eo-

sinophils. Activated eosinophils may
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then participate in cellular cytotoxic
defence mechanisms, which may
operate against developmental stages
of the parasite, preventing parasite
invasion, migration and maturation.
But eosinophil immigration into in-
testinal tissues, their activation and
degranulation may also result in local
tissue damage, in severe cases lead-
ing
(Miller 1979, White et al. 1986, Pro-
civ & Croese 1990, Walker et al.
1995).

tients,

to ulceration and bleeding

In oesophagostomiasis pa-
such activated eosinophils
may then contribute to enteropathy,
i.e. massive granulomatous reactions
(nodules) of the intestinal wall as
observed in patients with overt clini-
cal disease (Polderman & Blotkamp
1995).

The of

N.americanus and O.bifurcum are

tissue-dwelling  stages
likely to provoke an intense immu-
nological response (Ogilvie et al.
1978, Caroll & Grove 1986, Polder-
man et al. 1993, Polderman & Blot-
kamp 1995, Prociv 1997), but in the
human host N.americanus infection
was found to induce parasite antigen-
specific cellular responsiveness in
some cases only - cellular unrespon-
siveness and low levels of total IgE
in infected individuals were attrib-
uted to the very low level of hook-
et al

worm infection (Maxwell
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1987). However, pronounced lym-
phocyte proliferation was observed
with a higher infection dose of
N.americanus in man (Taylor &
Turton 1976). In our study, cells
from hookworm infected individuals
proliferated to some extent in re-
sponse to O.bifurcum-specific anti-
gens, and their PBMC secreted sev-
eral cytokines in response to
O.bifurcum antigens as well. We
attribute such responsiveness to anti-
genic  cross-reactivity  between
hookworm and O.bifurcum which
has been found previously (Polder-
man et al. 1993) and our recent in-
vestigations have confirmed that
O.bifurcum

IgG4 and IgE which cross reacted

infection will induce
with hookworm antigens (Pit et al.
unpublished observation).

The somewhat low parasite-specific
cellular reactivity to N.americanus-
as well as to O.bifurcum-derived an-
tigens in the patients of our study
could be due to a low level infection,
but also, parasite persistence as well
as chronic co-infection may have
deviated or suppressed cellular re-
sponsiveness. Similarly, cellular hy-
poresponsiveness to parasite antigen
is a characteristic trait in patients
with patent filarial infection (King ez
al. 1992, Sartono et al., 1995) and
schistosomiasis al.,

(Grogan et



1996). In onchocerciasis patients co-
infected with HIV 1 (Sentongo et al.
1998) or Mansonella perstans (So-
boslay et al. 1997), parasite-specific
cellular responses and cytokine pro-
duction were deficient as compared
to those with a single infection. From
these observations it was concluded
that chronic helminth infections as
well as helminth-virus co-infections
suppress and gradually exhaust the
parasite-specific immunocompetence
of patients. One mechanism by
which cellular unresponsiveness to
helminth antigens could be mediated
is the spontaneous secretion and high
level production of IL-10. Overpro-
duction of IL-10 will down-regulate
cytokine production in general and
depress parasite-specific cellular re-
activity in filariasis patients (Ma-
hanty et al. 1995). In addition, IL-10
will inhibit MHC class Il expression
on antigen presenting cells (de Waal
Malefyt et al. 1991) and suppress
both type 1 and type 2 T helper cell
activation (Del Prete et al. 1993).
Therefore, our observations support
the idea that chronic helminth co-
infection will not only suppress para-
site-specific cellular responsiveness
but also deviate cytokine production
towards a ,,permissive phenotype®
which will favour parasite persis-

tence.
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In humans with chronic helminth
infections there is little direct evi-
that Th2-like

sponses are protective even though

dence immune re-
immunoepidemiological data support
the existence and development of
host protective
house 1992, Quinnell et al. 1995,
Pritchard er al. 1995). The decreas-

ing prevalence of infection with in-

immunity (Wool-

creasing age and an aggregated dis-
of  O.bifurcum

N.americanus in humans (DSS Pit,

tribution and
unpublished observation) - as also
observed e.g. with schistosomiasis
and other helminth parasites (Hagan
et al. 1991, Maizels et al. 1993,
Woolhouse 1998) - support the idea
that acquired immunity could be re-
sponsible for the pattern of infection
in endemic populations. Previous
investigations on immunity to
N.americanus found a significant
negative correlation between total
IgE and parasite weight and fecun-
dity suggesting protective immune
effector mechanisms against
N.americanus, which reflect Th2 cell
activation (Pritchard ef al. 1995). In
our study, parasite-specific IgE was
highest in co-infected individuals,
which may simply reflect the parasite
load - high parasite-specific IgE may
mediate protective ADCC but may

also induce immediate hypersensi-
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tivity reactions. In parallel, elevated
total non-specific IgE may compete
with specific IgE - such polyvalent
IgE may reduce the risk of inappro-
priate anaphylactic responses and at
the same protect the parasite from
IgE-mediated ADCC reactions (Prit-
chard 1993). Thus, parasite-specific
IgE and concurrently elevated total
non-specific IgE during chronic hel-
minth infection have been considered
either as host- or as parasite-
protective, respectively. This sug-
gests a balanced parasite-host co-
existence with chronic hookworm
infections, dunng which the immune
system may have a controlling influ-
ence, but the evolution of a poten-
tially protective immune response is
prevented by the worm’s survival
strategies (Pritchard 1995).

From our observations we conclude
that with chronic hookworm and
O.bifurcum infections cellular re-
sponses are induced which are not
strictly dominated by type 1 or type 2
T helper cell reactivity. However, in
co-infected patient’s cellular hypore-
sponsiveness to parasite antigens
together with a greater production of
TNF-a and IFN-y was observed -
with Th2-type cytokines being
equally present in mono- and co-
infected individuals. Such a mixed

type of immunity may reflect a state

of infection in which inflammatory
enteropathogenic responses counter-
act potentially protective immune
responses of the host. To distinguish
anti-parasitc and host-protective re-
sponses from parasite-mediated en-
teropathogenic reactions might help
to define intervention strategies
which inhibit intestinal inflammation
and promote immunological mecha-
nmisms which operate to reject gas-

trointestinal nematodes.
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