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Larval exoantigens from ascarid nematodes are potent
inducers ofhistamine release from human blood basophils
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Summary

Histamine release (HR) from washed human blood cells after challenge with the
excretory-secretory antigens (ES) ofthe parasitic nematodes Toxocara canis and Ascaris
suum was studied, employing a recently developed microfibre-bascd assay combined
with hyperosmolar release media for maximal sensitivity.

Blood samples were obtained from 30 patients suspected of parasite infection and 11
healthy volunteers serving as controls. Specific antibodies of IgE. IgGi and IgG4
subclasses were determined by ELISA.

Virtually no HR could be provoked by ES in the 11 controls. In contrast. HR was seen
in 16 patients after challenge with T. canis ES and in II patients with A. suuiti ES. In the
majority of these. HR was detectable after challenge with ES protein concentrations of
less than 1 ng/ml. and the maximal HR obtained with ES was greater than that seen with
optimal concentrations of anti-IgE.

The HR after ES antigen challenge correlated with the amount of specific IgE in
patient plasma, and coincided with the presence of specific IgGi and IgG4.

Clinical atid E.xperimental Allergy.. Vol. 21, pp. 725 732. Submitted 11 December 1990;
revised 27 June 1991; accepted II July 1991.

Introduction

Helminth parasites have a profound effect on health in
large areas of the world, constituting a major factor in
malnutrition and mortality, especially in childhood. Both
helminth infections and allergic disease regularly cause
elevated plasma contents of immunoglobulin E (IgE).
some of which has been shown to be helminth- or
allergen-specific [1.2]. A newly developed histamine
release assay, based on the selective binding of histamine
lo ground glass microfibres, has enabled a sensitive
quantitation of basophil histamine release (HR) after
allergen challenge, using small volumes of washed blood
cells [3-5].

It was the aim of this study to investigate the basophil
histamine release after in-vitro challenge with antigen
from two ascarid nematodes: Toxocata canis. causing the
visceral larva migrans syndrome in man. and the porcine
A.scaris suwn, whose antigen composition has been shown
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to be similar to its human counterpart, Ascaris lumbri-
coides [6].

Histamine release determinations were compared to
the presence in serum of IgE, [gG| and IgGa specific for
the parasites, assayed by a newly developed., sensitive
ELISA method.

Materials and methods

Study population

The patient group consisted of 30 persons undergoing
outpatient clinical examinations at a specialist clinic for
tropical diseases. Seventeen patients (group I) were
Danish citizens returning from stays in tropical environ-
ments, whereas 13 (group II) were refugees, mainly from
Asia. In the latter group, medical history was lacking or
incomplete with respect to recent anti-helminthic treat-
ment.

A control group, consisting of 11 healthy volunteers
with no suspicion of parasitic infections was included.
The members of the control group had all been tested
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weekly for 6 weeks in order to determine spontaneous
fluctuations in the histamine release to non-specific
stimuli, including anti-IgE,

Ascaris suum antigens. Adult body fluid (ABF) was
collected by drainage from cut adult worms, following the
procedure of Erik.sen [7]. ABF contained 37 mg protein/
ml, according to the Lowry assay using BSA as a
standard. Larval excretory/secretory antigen (L2/L3-ES)
was obtained by sterile cultivation of artiticially hatched
larvae, essentially following the procedure described by
Urban and Romanowski [8].

In short, embryonated eggs containing L2-larvae were
hatched by slow rotation (50 r.p.m.) with 4-0 mm glass-
balls in an Erienmeyer flask. Sterile Bitermanni/ation o^
the larval suspension in saline took place for 20 hr after
which active larvae were washed 10 times in sterile saline
and cultivated at 37 CjS'VuCOi in Dulbecco's modified
Eagle Medium (DMEM), with added penicillin and
streptomycin (20000 L2/ml). Supernatants from 10-day
changes of medium were concentrated 100 x by ultra-
filtration on an Amicon UMIO membrane. The final
solutions contained 0-6 mg protein/ml according to the
Lowry assay, using BSA as a standard.

Toxocara canis antigen. Concentrated L2-ES. produced
according to de Savigny [9] and Smith [ 1 ()] was a gift from
Dr H. Smith. Stobhill General Hospital. Glasgow. A
second batch was produced according to the procedure
for Ascaris L2/L3-ES. When tested by ELISA for their
binding of specific IgE from a panel of eight sera,
reactions from the two batches were closely correlated
(r, = 090) and the two preparations were considered
diagnostically equivalent.

ELISA for IgE antibody to ES-antigetts. One hundred
microlitres of antigen preparations (A.scaris ABF. 4 figj
ml; Ascari.s L2/3-ES. 6 0 fig/ml and Toxocara L2-ES.
approx. 10 /tg/ml) in 01 M sodium carbonate buffer.
pH 98 , were coated onto polystyrene microtitre-trays
(Maxisorp F96, Nunc. Denmark) overnight at room
temperature. After washing (3 x 3 min with 0-05'/n
Tween-20 in PBS), blocking with 0-5% BSA in PBS took
place for 30 min. followed by overnight incubation with
01 ml serum, diluted 1:5 in 0 5'̂ ',. BSA in PBS. After
washing, incubation took place for 1 hr with 0-1 ml horse-
radish-peroxidase (HRP) conjugated rabbit-anti human
IgF (DAKO. code P295). diluted 1:2000. in 0 5',. BSA/
PBS. After another washing step. IOO /J1 substrate (3 0 mM
hydrogenperoxide/5-0 mM ortho-phenylenediamine in
0' I M sodium citrate buffer. pH 5 0) was added for 15 min
reaction in darkness, after which 01 ml 10 M sulphuric

acid was added. After another 15 min in the dark, the
absorbance was read at 490 nm. All determinations were
done in duplicate.

Four-layer assay for IgGi and IgG4 antibody. Coated and
blocked FLISA-ptates were produced as above. After 3 hr
of incubation with sera (diluted 1:300 for assay of IgGi
and 1:50 for TgG4 antibody) and washing, monoclonal
mouse-anti human IgGi (Janssen Biochcmica. code
24.148.92). diluted 1:100000 or monoclonal mouse-anti
human IgGa (Unipath, code BAM16/6878). diluted
1: 50000. wasadded for overnight incubation followed by
a 1 hr incubation with HRP-conjugated rabbit-anti
mouse immunoglobulin (DAKO code P260}. diluted
1:5000.

Substrate reaction took place as described for the IgE
assay.

Qtiatuitatinn of total IgE

Polystyrene microtitre plates (NUNC Maxisorp) were
coated overnight with monoclonal mouse-anti human
IgE (Janssen Biochemica. code 23.881.19). 10 |(g,/ml in
sodium carbonate buffer. pH 9-8. IgE-standard (Pharma-
cia Diagnostics) in concentrations from 01 to 20 U/ml
and test sera, diluted 1:50 in BSA/PBS were added,
incubating for 3 hr. After washing. HRP-conjugated
rabbit-anti human IgE (DAKO. code P295). pre-
absorbed by addition ofan equal volume of mouse serum
and diluted 1:2000 was added for 1 hr of incubation.
Substrate reaction and reading of absorption took place
as above.

Samples giving readings above the 20 U/ml upper limit
of the measurement range were reassayed in dilutions
1:500 and 1:5000. For 10 sera, the measurements
correlated well ( r^092) with those obtained with ihc
Pharmacia PRlST-kit.

ELISA cross-inhibition. Seven sera with large
rcaction to A. suum. T. canis or both were mixed with /).
.smtm L2/L3-ES (final concentration 60 /ig/ml), T. canis
L2-ES (final concentration 20 /jg'ml) or buffer and
subjected to lgGi ELISA for both antigens at a final
serum dilution of I :300 as above.

Histamine release a.s.my

Ten millilitres of blood, anticoagulated with 10 /m of
EDTA, was obtained from patients and controls. Plasma
was isolated for antibody-ELISA by centrifugation.

The blood cells were washed four times in hyper-
osmolar PAGCM (PIPES (Piperazine-/V.A''-bis[2-ethane-
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Table I. Total serum IgE. specific antibodies and histamine release

Total serutn IgE content (IU/ml)

Specific antibodies (ELISA-absorbance)
T. canis ES

IgE
lgG4
IgGl

A. suum ES
IgE

IgG,

Maximal histamine release (ng/ml blood)
T. catiis ES
A. suum ES
A. .suum ABF
Anti-IgE

Controls

Median

39

0-04
0-03
0 16

0-04
0-05
0-22

0
1
0

23

(n=U)

Range

6-388

0-02-0-04
0-03-0-12
009-0-96

003-0-07
0 03 0-15
0-09-0-91

0-8
0-5
0-12
3-93

Patients group I
(ti

Median

38

004
0-05
0-33

0-04
003
0-18

2
0
1
18

!=I7)

Range

8-600

0 01-0-23
0-03-0-32
0-16-1 06

0-03-0-15
0-02-0-35
0-07-1-44

0-77
0-40
0-27
1-80

Patients

(n =

Median

1850

040
0-98
1-39

0-36
0-14
1-79

33
22
30
35

group II
= 13)

Range

25-18000

0-02-2-12
0-02 2-53
0-13-2-81

0-04-1 -43
0-03-1-35
0-41-2-57

0-81
0-56
0-89
! 79

sulfonic acid]) 10 mM, Na-Acetate 230 mM. K-Acetate
5 mM adjusted to pH 7-40 with Tris-[hydroxymethyl]-
aminomethane) buffer containing CaC! 0-6 mM and MgCI
11 mM. with added heparin 7 5 IE/ml, glucose 2-8 mM and
human serum albumin 0-16 g/l. final osmolarity 497
mOsm/kg H^O. After the washing steps, the blood cells
were resuspended to the original blood volume with
PAGCM.

Microfibre-coated 96-well microtitre-plates (P. S.
Skov. Reference Laboratory, University of Copenhagen)
were employed, prepared as described previously [3.4.11 ].
Briefly, to each well was added 50 /d of PAGCM. 50 /d of
washed blood cells and finally 20/J1 of P A G G M contain-
ing either anti-IgE. parasite antigen or standard quanti-
ties of histamine for generation of standard curves.

Rabbit-anti-human IgE. e-chain specific (Behr-
ingwerke. Marburg. Germany), was used in serial tenfold
dilutions (004 4000 U/ml). serving as control of the
ability of the blood cells to respond to IgE-mediated
stimuli.

T. canis L2/L3 ES-antigen (TCES) was added in five
sequential tenfold dilutions, with antigen protein concen-
trations (in the microtitre well) of 0-02 200 ng/ml. A.
.suum ES-antigen (AES) was similarly employed at con-
centrations ranging from 0-05-500 ng/ml, while A. stntnt
ABF (AABF) was used at the higher concentrations of
4 40 000 ng/ml.

Histamine release was determined fluorometrically as
triplicate measurements, and the results arc expressed in
nanograms of histamine released per millilitre of blood
[3.4.11].

Statistics

Only non-parametric statistic methods were employed,
i.e. Spearman's method in calculation of correlations.
Kruskal-Wallis* analysis of variance by ranks and Wil-
coxon's test for paired comparisons.

Results

The plasma contents of ES-specific immunoglobulins in
controls and patients arc shown in Table 1. In patient
group II. the contents of IgE. IgGi and IgG4 were
significantly higher than in patient group I and controls.
Only very minimal amounts of specific IgE were seen in
the control group, whereas the levels of specific IgG were
more variable (Table I).

The cross-reactivity in the IgG,-ELISA between the
twoESpreparations was tested in seven sera by inhibition
experiments, showing only insignificant cross-Inhibition
(Table 2).
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Table 2. A. suumjT. eanis cross-inhibition of IgG,-ELISA

Patient
no.

1
3

14
16
17
25
26

A.

Abs.*
-Inh.

2-01
1-56
1 93
2-70
2-53
2-46
2-12

suum-co'dted

%Inh.t
Asv.

92
94
84
78
75
82
82

%Inh.
Tox.

9
31
7
0
2
8
5

T.

Abs.
-Inh.

0-65
>

0-04
2-69
2-52
2-62
1-21

t«m.v-coa

%Inh.

17
—
—
2
3
5

17

ted

%Inh.
Tox.

72
—
—
86
95
82
72

* Absorption reading in ELISA with added buffer in place ol"
inhibiting anligen.
t Calculated as: (I -^Abs. Jnh./Abs.-inh.)x 100%. where
Absjnh. and Abs. inh. arc ELISA-absorptions with and
without inhibitor, respectively, corrected for absorption read
without added serum.

For comparison with the histamine release results, a
presumptive 'normal range" was defined by the highest
specific antibody contents observed in the control group.

The detection limit for the histamine release assay
employed here is appro.ximately 3 ng/ml. All 11 control
samples, as well as 28 of 30 (93%) patient samples released
detectable amounts of histamine upon challenge with
anti-IgE. illustrating an equal ability to respond to non-
specific TgE-medlated stimuli in the two groups (Table I).

Only one control person showed detectable histamine
release to parasite antigens, yielding a histamine release
of 8 ng/ml after challenge with TCES at 200 ng/ml. and
10 ng ml resp. 12 ng/ml with AABF at 4000 resp. 40000
ng protcin/ml.

The highest histamine releases seen in the control group
were adopted as the presumptive "normal range" for
histamine release after challenge with parasite antigen
(Fig. 1).

When compared to this 'normal range', samples from
10 patients released significant amounts ofhistamine after
challenge with both ES-antigens, one responded only to
AES, whereas six showed histamine release with TCFS
only. The absence of histamine release in the remaining
patients was not caused by an inability to respond to anti-
IgE. as indicated in Fig. 2.

As seen from Fig. 1. the occurrence of specific IgE-
antibodies towards the parasite antigen coincided with
histamine release after challenge with antigen, although
the correlation between the absolute amount ofhistamine
released and the ELISA-determinations of specific IgE
was only moderate (r. - 0-66. P < 0-05 for TCES. r. = 0-62.

P < 0-05 for AES in group II). Only 6/17 patients in group
I showed histumine release with any ES antigen, preclud-
ing a meaningful correlation analysis in this group.

The excretory-secretory antigens from both A. .suiun
and T. canis were found to be extremely potent seeretago-
gues in the presence of specific IgE in scrum. In several
patients, a significant histamine release could be induced
by antigen concentrations as low as 0 02 0-05 ng/ml.
Furthermore, the shape of the HR dose-response curve
induced by challenge with the ES antigens was found to be
determined by the amount of specific antibody in serum.
as exemplified with AES in Fig. 3, When defining the
antigen sensitivity of the blood cells as the smallest ES
protein concentration capable of causing an HR above
the'normal range", this sensitivity correlated well with the
measured amounts of ES-specific IgE in patient serum
{r, = O-88 (P<(U)\) for TCES and r, = 0-83 {/><0-01) for
AES in group II).

Most patients with high levels of ES-specific IgE in
plasma also had elevated total serum IgE. In group II, the
plasma levels of ES-speeilic IgG,. IgG^ and HR were
closely correlated (rs = 0-76-0-85. P = 0-01-0-005) for the
T. canis antigen. Tn the case of A. .sttwn. the contents of
specific IgG, and IgGj were closely correlated (̂ ^ = 0-79.
/'<0-01), whereas there was no correlation between the
level of specific IgG and ES-induced HR.

The degree of cross-reactivity between the two ES-
preparations in inducing histamine release from the
basophils could not be assessed by the method employed.

The A. .smmt ABF antigen, which was available in large
quantities, was used in high concentrations in order to
uncover non-immunological histamine release, as
reported in mast cells [12]. However, the histamine release
after challenge with AABF was dose-dependent and
correlated well with the HR obtained with AES (^ = 0-87.
/ '<0-0l) in group II.

In all patients, triple fecal examinations for parasite
eggs or cysts were performed. All fecal e.\aminations were
negative for A. sutttn eggs. Unrelated helminth infections
were diagnosed in only three patients.

Discussion

Basophil histamine release, as seen in allergic disease, is
initiated by the binding of allergen(s) to allergen-specific
IgE. situated on high-affinity receptors on the surface of
the basophil granulocyte [13]. The presence of very high
total IgE contents in plasma from patients with helminth
infection has stimulated research inlo the relation
between allergic disease and the prevalence of helminth
infection [14-17]. ;

In this study, controls and patients were equally able to
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an inability to respond to non-specific IgE-mediated stimuli. • , TCES. ̂ , anti-IgE.

respond to a non-specific IgE-mediated stimulus for
histaminc release (anti-IgE). In contrast, the ES antigens
could only induce HR in patients with detectable levels of
ES-specilic IgE-antibodies in their plasma (Fig. I).
Furthermore, a significant HR could be induced by very

dilute antigen, i.e. containing less than 0-1 ng protein per
ml in patients with high levels of specific IgE. In these
patients, the maximal histamine release obtained with
antigen was often higher than that setMi with optimal
concentrations of anti-lgh.
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Fig. 3. Subdividing the patients from both group I and II
according to the amount of A. Suum ES-specific antibody in
plasma, histamine release with different concentrations of
antigen (abscissa) is shown relative to ihc maximal histamine
release seen with anii-IgE (lOO'V,,) for each patient. O. < 0 1
(«=19):P, 01 U-4(H = 5); A>0-4(« = 6).

These findings indicate, that FS antigens activating the
cell via ibc F(ab)2 portion of the cell-bound IgF isa more
potent stimulus for basophil degranulation than the Fc-
crosslinking by anti-IgF. Furthermore, the FS antigens
are likely to present themselves to the celts as polyvulL-nt
antigens., a more potent stimulus for HR than the divalent
anti-IgE.

In allergic patients with elevated serum IgE content, a
good correlation between the number of IgE molecules
bound to the basophil cell surface and the total plasma
IgF content was found. The median total plasma IgE
content seen in group II (1850 IU/ml) was higher than
that reported to cause saturation ofthe IgE receptors on
the hasophilccll surface ( ̂ 400 1200 IU/ml). irrespective
of the absolute number of IgE receptors on the cell surface
[13].

Studies ofthe IgE response to helminth infection have
shown that only part of the IgE produced possesses
helminth specilicity. the majority resulting from non-
specific induction of IgF synthesis [18]. Nevertheless, the
basophils from the sensitized patients in this study
possessed suificient surface-bound IgE to recognize and
tcspiind even to minute quantities of ES antigen. A
similar finding has been reported in allergic disease, in

which maximal HR can be induced by allergen, in spile of
the allergen-specific IgF contributing less than \"A. ofthe
patients" total plasma IgF [19].

The HR results presented here indicate that the
responses elicited by the basophil granulocyles after
challenge with A. .suum ES antigens in vitro are very
similar to the responses seen in blood from allergic
patients after challenge with the appropriate allergen. In
contrast, immediate-type allergic reactions arc not
usually seen as part ofthe clinical manifestations in A.
.suum or T. cani.s infection in m;m [20], ulthough anaphy-
lactic reactions are known to occur as complications lo
treatment of helminthic infections, for instance in hydatid
disease.

The fmding in viira that antigens actively excreted or
secreted by living, infective ascarid larvae are highly
capable of triggering basophil histaminc release in sensit-
ized individuals, points to the existence of reguhilorj
mechanisms hindering anaphylactic reactions in patients
harbouring the living helminths [21.22].

In human filariasis. IgF and igGj have been reported \o
recognize identical antigenic structures [23], indicating
thai specific IgGa may serve as a "blocking antibody* by
being present in much larger quantities than specific IgF.
However, in allergic disease the IgG4 subclass has been
described as a reaginic antibody, although attempts to
passively sensitize basophils with IgG^ have not generally
been successful [24].

In this study, high levels of IgG4 were found primarily
in patients with high levels of T. catti.s-spccii\c IgF.
especially in those responding with greater HR after
challenge with ES-antigcn than with anti-!gF. As ihcse
in vitro H K experiments were performed in washed blood,
they give no indication as to whether igGa is blocking or
enhancing the HR after challenge with ES antigen.

The absence of ascaris eggs in the fecal examinations is
in contrast wilh the serologic evidence of infection
obtained in this study, bul may be explained by the
paucity of anamnestic information concerning recent
infection or anti-helminthic treatment in the group II.
The high frequency of specific antibodies or HR lo A.
sttwn FS in this group was not surprising, since the
majority of inhabitants in tropical countries have har-
boured infections wilh A. lumbricoides [25]. Reports on
the scroprevalence of To.xocara spp. in Iropical/suhtropi-
cal countries are relalivcly scanty., wilh figures ranging
from 5-86% [20]. In the group II there was a high
frequency (9/13) of strongly positive reactions to Toxo-
cara ES. indicating that infection of humans with dog
roundworms may be extensive in certain areas, clearly
pointing to fulure investigations involving larger study
groups. I
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The possibility of utilizing measurement of specific IgE.
as well as various basophil histamine release tests, for the
diagnosis of helminth infections has been studied by
several groups [26.27]. In this study, the basophil granulo-
cyles in peripheral blood from sensitized individuals were
found to be very sensitive to allergen challenge, offering
perspective for a diagnostic application ofthe histamine
release test in helminth infection when combined wilh
species-specific antigens.
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