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SUMMARY

A monoclonal antibody to ovine IgE was employed in an
ELISA to investigate the IgE antibody responses in serum
and gastric lymph to a primary infection ofTeladorsagia
circumcincta,and following challenge in previously infected
sheep. During a primary response, IgE antibody to antigens
derived from the infective third stage (L3) and adult (L5)
worms were negligable, with low levels of IgE antibody
detected in serum and lymph. In contrast, there was a
pronounced IgE antibody response in 2/4 sheep to L3
antigens during 2–8 days after challenge of previously
infected animals but low levels of IgE antibody to L5
antigens. This response was confirmed in a second but
similar experiment, where relatively high levels of IgE
antibody was detected to antigens from L3. Antibody
levels were higher in lymph than in serum from the same
animals, and Western blots of L3 antigen following SDS-
PAGE under reducing conditions revealed several bands of
MW26–96KD which reacted with the IgE antibody from
gastric lymph. Immunohistochemical staining indicated that
these IgE antibodies may be reacting with allergens asso-
ciated with the surface cuticle of the worms.
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INTRODUCTION

Helminth infections in both man and rodents are almost
invariably associated with a pronounced increase in total
IgE levels, a proportion of which is specific IgE antibody
(Jarrett & Miller 1982, Pritchard 1993). However, the role
and significance of this antibody in terms of protection
remains unclear, although there is evidence to support the
hypothesis for a protective function of this antibody for at
least some parasites (Pritchardet al. 1995, Bell 1996). In
ruminants, while the elevation of circulating total IgE
concentrations has been demonstrated (Thatcheret al.
1989, Baker & Gershwin 1993, Shawet al. 1997, Huntley
et al. 1998), there have only been a few reports on specific
IgE antibody responses in cattle and sheep which occur
during gastrointestinal nematode infections (Baker &
Gershwin 1992, Shawet al. 1997, 1998). In a previous
study we demonstrated that the levels of total IgE were
elevated in serum and gastric lymph, following a primary or
secondary immune response toTeladorsagia circumcincta.
In the present investigation we have re-analysed these
samples for IgE antibody by enzyme-linked immunosorbent
assay (ELISA) to adult and larval antigens ofT.circum-
cincta, as part of ongoing studies to determine the worm
allergens important in these responses.

MATERIALS AND METHODS

Experimental design

Samples from two experiments were employed in the
present study; the first experiment has been described
previously (Stevensonet al. 1994). Briefly, naive lambs
received either a single oral dose with 50 000 infective
third stage larvae (L3) and were killed 21 days post infection
(seven animals), or were repeatedly infected (3000 L3 five
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times weekly for seven weeks), treated with Fenbendazole
(5 mg/kg.), challenged with 50 000 L3 and killed ten days
later (eight animals). Unfortunately, cannulation of the
gastric lymph duct was successful in only five of the primary
response animals and collection of lymph for the full 21 day
duration was obtained from only 2/5 animals and lymph
from the remaining animals ceased flowing between days
6–13. Similarly, cannulation was achieved for only 4/8
secondary response lambs, and samples from only 3/4
animals of lymph were obtained for the duration (day 9 or
10) post challenge. Serum and gastric lymph samples were
collected and stored at – 208C until use. Experiment 2
therefore provided additional gastric lymph samples from
three sheep, which had been previously infected, cannulated
and challenged with 50 000 L3T. circumcinctaas described
for expt 1. The collected lymph was stored at – 208C.

Parasites

Infective larvae (L3) were from a strain ofT. circumcincta
which has been maintained at Moredun for several years.
Adult worms (L5) were recovered from the abomasum of
donor ewes between 13 and 18 days after infection with
50 000 infective L3, and washed five times in phosphate
buffered saline, pH 7·2 containing streptomycin (5 mg/ml)
and penicillin (500 I.U./ml).

Worm burdens

Worm counts were performed on abomasal washings and on
digests of the abomasal mucosa as described elsewhere
(Coopet al. 1977)

Larval (L3) and adult (L5) worm antigens

The soluble proteins from worms were extracted by grinding
< 1 g of L3 or L5 in a pestle and mortor with sharp sand and
PBS, pH 7·2, to form a smooth homogenous paste at 48C.
This was harvested by diluting in ice cold PBS (final volume
5 ml), and centrifuged in an airfuge (Costar, USA) at
maximum speed for ten min. The supernatant was collected
and the protein concentration estimated by a commercial
protein assay (Pierce BCA protein assay, Rockford, USA),
before being aliquoted (100ml) and stored at – 208C. L3 and
L5 excretory/secretory (ES) antigens were prepared in a
manner similar to that described in Younget al. (1995).

Surgical procedures and sample collection

The common gastric lymph duct was cannulated 4–7 days
before infection as detailed elsewhere (Smithet al. 1981),
and lymph was collected daily using the sampling and

reinfusion procedures also described previously (Smith
et al. 1981). Blood was collected into 10 ml heparin-coated
vacutainers by jugular venepuncture.

Preparation of samples

In a previous study, it was shown that the optimal demon-
stration of IgE antibody required preheating samples at 568C
for 30 min, prior to sequential precipitation with 30% and
50% saturated ammonium sulphate (SAS) (Kooymanet al.
1997). Briefly, samples (100ml) of lymph or serum were
heated at 568C, and then precipitated with 30 and 50%
(SAS). The final precipitate following the addition of 50%
SAS was dissolved in 200ml of PBS containing 0·05% Tween
20 (PBS/T20), before applying to the antigen coated wells in
the ELISA plate.

Enyme-linked immunoabsorbent assay for IgE
antibody

Micro-ELISA plates (M129B, Dynatech Lab., Ltd) were
incubated overnight (48C) with (50ml/well) T. circumcincta
L3 or L5 antigen (10mg/ml) in carbonate/bicarbonate buffer
pH 9·6. Wells were washed three times in PBS/T20 before
receiving 50ml of the pretreated samples (see above). Plates
were then sequentially incubated with 50ml of a 1/50
dilution in PBS/T20 of the mouse antiovine IgE mono-
clonal, 1E7 (Kooymanet al. 1997), and with 50ml (1/1000
dilution in PBS/T20) of goat antimouse -HRP conjugate
(Dako Ltd, Denmark). Each incubation was for one h at
room temperature and plates were washed six times in PBS/
T20 between incubations. Colour reaction was developed
with ortho-phenylenediamine (OPD) and H2O2 and stopped
by the addition of 25ml of 2·5M H2SO4 (Voller et al. 1979).
The colour reaction at OD 492 nm was measured in a
Titertek Multiscan reader (Titertek Flow Laboratories). In
order to compare results between assays, a positive control
consisting of a pool of lymph containing IgE antibody was
included on each plate, and the OD492 of unknown samples
were altered in proportion with changes of this standard. In
practice, between test variability was minimal and the
changes in the OD492 was normally within 5% of the
standard. Controls consisted of replacing serum or lymph
with PBS/T20. In the ELISAs for both L3 and L5, very low
background values were obtained (less than OD492 of 0·03)
when preinfected sera or gastric lymph was assayed, and
little or no reaction product was demonstrated when the
sera/lymph were replaced with diluent alone.

SDS-PAGE and Western blots

Discontinuous SDS-PAGE was with 0·75 mm thick 12%
slab gels (Mini Protean II; Biorad, Richmond, CA, USA)

J.F.Huntleyet al. Parasite Immunology

q 1998 Blackwell Science Ltd,Parasite Immunology, 20, 565–571566



and samples were electrophoresed at a constant 200 V for
45 min. Samples of L3 and L5 worm antigen were treated
with reducing buffer and boiled for three min before they
were loaded onto the gels at 5mg/lane. Proteins from SDS-
PAGE gels were transferred onto nitrocellulose membranes
(Schleicher and Schuell, Dassel, Germany) using a semidry
transfer apparatus at 0·9mA per cm2 of gel for one h at room
temperature. After transfer, the nitrocellulose membranes
were incubated in PBS containing 0·5% Tween 80 and 0·5M

NaCl (PBS/T80) for one h to block nonspecific protein
adsorption. The blots were then incubated with gastric
lymph taken prior to infection (pool of lymph collected
from four animals before infection) or five days post chal-
lenge of previously infected sheep (pool of lymph from three
sheep in expt. 2), pretreated as for the ELISAs, and diluted 1

in 20 in PBS/T80 for one h. The membranes were washed
6×5 min in PBS/T80 before incubation with monoclonal IE7
(diluted 1/50 in PBS/T80). Following a further sixes washes
in PBS/T80, the membranes were incubated with goat anti-
mouse-HRP (diluted 1 in 1000 in PBS/T80) (Dako). After a
final six washes in PBS/T80, peroxidase activity was
revealed with diamino-benzidine/urea/H2O2 substrate
(Sigma Ltd, Poole, UK). Protein molecular weight markers
were employed (Boehringer mannheim, Low-range markers),
to estimate the molecular weight of reactive bands.

Immunolocalization of IgE antibody

T. circumcinctaL3 were fixed in modified Bouins fixative
for 16 h and in 70% alcohol for 24 h before being dehydrated
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Figure 1(a)-(d). The IgE antibody response to a primary infection with 50 000Teladorsagialarvae from expt. 1. Figure 1(a): Serum response to L5
antigen. Figure 1(b): Lymph response to L5 antigen. Figure 1(c): Serum response to L3 antigen. Figure 1(d): Lymph response to L3 antigen. Each
symbol represents the values from individual lambs, and shows seven and five animals for sera and lymph, respectively.



through an alcohol series immunolocalization. Sections
were preincubated in PBS containing 1% bovine serum
albumin (PBS/BSA) for one h, and then sequentially incu-
bated with naive or immune gastric lymph (pool samples as
described for Western blotting and pretreated as described
for ELISA but diluted 1/4 in PBS/BSA), followed by
monoclonal IE7 (1/50 in PBS/BSA) and goat antimouse-
HRP (1/100 in PBS/BSA).

Sections were given 6×5min washes in PBS between
incubation steps. Peroxidase activity was revealed with
diaminobenzidine/urea/H2O2 substrate. Control sections
consisted of replacing the gastric lymph with PBS/BSA
diluent alone.

J.F.Huntleyet al. Parasite Immunology

q 1998 Blackwell Science Ltd,Parasite Immunology, 20, 565–571568









 BB
BB





































 




0.00

0.25

0.75

0.50

1.00 (a) Serum L5

O
D

4
9

2

Days

0 5 10
0.00

0.25

0.75

0.50

1.00 (b) Lymph L5

O
D

4
9

2

Days

0 5 10

0.00

0.25

0.75

0.50

1.00 (d) Lymph L3

O
D

4
9

2

Days

0 5 10

0.00

0.25

0.75

0.50

1.00 (c) Serum L3

O
D

4
9

2

Days

0 5 10

B B B B
B

Figure 2 (a)-(d). The IgE antibody response following challenge with 50 000 L3Teladorsagiato previously infected sheep from expt. 1. Figure 2
(a): Serum response to L5 antigen. Figure 2 (b): Lymph response to L5 antigen. Figure 2 (c): Serum response to L3 antigen. Figure 2 (d): Lymph
response to L3 antigen. Each symbol represents the values from individual lambs, and shows eight and four animals for sera and lymph,
respectively.
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Figure 3 The lymph IgE antibody response to L3 antigen of three
previously infected sheep from a second experiment, following
challenge with 50 000TeladorsagiaL3.



RESULTS

Primary IgE antibody responses

The IgE specific antibody responses to L5 or L3 antigens
measured in expt. 1 after a primary infection with 50 000T.

circumcinctaare shown in Figure 1. Only trace amounts of
IgE antibody to either antigen were detected in serum from
14 to 21 days post primary infection in 6/7 animals, although
a more pronounced response was observed in the seventh
sheep (Figure 1a,c). In lymph, a clear primary IgE antibody
response to either antigen was observed in one of the two
sheep successfully sampled for the full duration of the
experiment (Figure 1b,d). Curiously, this sheep did not
show a corresponding serum response.

Secondary IgE antibody responses

IgE antibody responses to L3 and L5 antigens following
challenge of previously infected sheep are shown in
Figure 2. The response to L5 antigen was weak but more
pronounced in lymph than serum with 2/4 animals showing
peaks between days 5–7 after challenge (Figure 2a,b). The
antibody responses to L3 antigen were also variable.
Increases in OD492 were only observed in the sera of 2/8
sheep, by 6 days after challenge. However, the lymph
response of these two sheep was markedly more pronounced
(Figure 2d), although those of the further two sheep which
had been sampled continuously were much lower.

Since the IgE antibody response appeared to be more
prominant in previously infected sheep and to be directed
mainly towards L3 antigens, gastric lymph samples from
expt. 2 were also tested. A pronounced, short lived response
was detected in all three animals between days 3–6, with
maximum values on days 4 or 5 (Figure 3).
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Figure 4 (a, b). Western blot analysis following SDS-PAGE of worm
proteins, showing immunoreactivity of IgE antibody in gastric lymph
from (a), noninfected sheep and (b), previously infected animals
five days after challenge. For each blot, left and right hand lanes
consist of 5mg of either adult (L5) or larval (L3) antigen. Molecular
weight markers are (from top), Phosphorylase B (97·4KD), Bovine
serum albumin (66·2KD), Aldolase (39·2KD) and Triose Phosphate
isomerase (26·6KD).

Figure 5 (a, b) Photomicrograph of sections ofT. circumcinctaL3 following incubation with gastric lymph from (a), previously infected sheep
five days after challenge, or (b), noninfected sheep, demonstrating the immunolocalization of IgE antibody. Bouins fixation,× 500.



Correlation between IgE antibody responses and worm
counts

In expt. 1, considerable individual variation was observed in
the worm counts between animals, both in primary infected
(worm burdens of 844–17 554) and in previously infected
(worm burdens of 71–34 500) sheep. No significant correla-
tion was observed between worm numbers and serum IgE
antibody responses. Too few time points were available for
this comparison to be performed for lymph.

Western blots

The result of the Western blots showing IgE antibody toT.
circumcinctaantigens are shown (Figure 4). No bands were
detected with blots incubated with lymph from uninfected
animals. However, several bands of varying intensity and
molecular weight were detected when the L3 antigen pre-
paration was incubated with lymph from previously infected
sheep. Two weakly reactive bands of< 26KD were also
observed in the L5 antigen preparation.

Immunolocalization of IgE antibody

Sections of L3T. circumcinctafollowing immunoreaction
with lymph from naive or previously infected lymph are
shown in Figure 5. No reaction product was observed with
naive lymph. However, sections incubated with immune
lymph showed peroxidase reaction product which was
particularly evident on both the sheath and cuticle of the
parasites. There appeared to be little reaction with the
subcuticular tissues and organs.

DISCUSSION

The present study measured the IgE antibody responses
following primary and secondary infection withT. circum-
cincta. While the response to L5 antigens appeared to be
negligible, a marked IgE antibody response to L3 antigens
was observed in the gastric lymph of five out of seven
previously infected sheep which were responding to a
challenge infection. The finding that IgE antibodies were
more concentrated in lymph than serum supports the con-
clusion that IgE is generated in the mucosa or draining nodes
(Mayrhoferet al. 1976, Huntleyet al. 1998).

Studies investigating ovine IgE antibody responses have
been hampered in the past by the lack of specific antibodies
to ovine IgE. The production of monoclonal antibodies
against recombinant protein (Kooymanet al. 1997), or to
native IgE (Shawet al. 1996), has finally allowed analysis of
these responses in sheep. Until recently, measurements of
IgE antibody reponses had been confined to preliminary
studies involvingTrichostrongylus axei(Shawet al. 1997)

and Haemonchus contortus(Kooymanet al. 1997). How-
ever, during the preparation of the present study, systemic
ovine IgE responses to primary and challenge infections
with Trichostrongylus colubriformishave been described
(Shaw et al. 1998). Peak specific IgE responses to adult
antigens occurred at day 20–27 post infection and a sec-
ondary IgE response to both adult and L3 excretory/secre-
tory antigens. Differences between the two studies include
the relative lack of specific IgE responses to adultTelador-
sagia antigens following a secondary challenge in the
present study, compared to those reported forTrichostron-
gylus. Whether this reflects a genuine difference in the
response to the two parasites, or was a reflection of differ-
ences in challenge regime, breed of sheep or sensitivity of
assay, requires further investigation.

Total IgE levels in the serum and lymph samples used in
the present study have been estimated previously (Huntley
et al. 1998), and it is interesting to compare those responses.
While there was a marked elevation in the total IgE
concentrations in serum and lymph following a single
infection, the contribution which was detectable antibody
would appear to be minimal. This phenomenon has been
recognized in a number of parasite infections in rodents and
man (Jarrett & Miller 1982), and the present results suggests
that a similar response occurs in sheep. It has been proposed
that the preponderance of the IgE produced in helminth
infections in rodents and man consists of a polyclonal
mixture of IgE responses to miscellaneous unknown anti-
gens (Jarrett & Bazin 1974), involving an up regulation in
the production of IL-4 (Kinget al. 1993). However, the
present results would suggest that the proportion of total to
specific IgE may alter during the development of immunity,
since relatively high levels of IgE antibody were observed in
lymph following challenge of immune sheep despite the
presence of total IgE levels similar to those during a primary
infection. Since mast cells and IgE have been implicated in
the expression of immunity to gastrointestinal parasites
(Miller 1996), the generation of relatively high levels of
specific IgE may be of particular relevance in the activation
of a mast cell mediated response.

IgE antibody in lymph from immune animals recognized
several immunoreactive bands on Western blots of L3, but
not L5 antigens. Together with the ELISA data, it is
apparent that the IgE response was directed predominantly
to the L3 stage. Preliminary immunolocalization studies
indicated that these reactive allergens were located on the
surface of the infective larvae including its sheath, which is
normally discarded within the rumen (Armouret al. 1966).
Work with other parasites, includingSchistosomaand
Plasmodium species, have identified surface allergens
(Alyamanet al. 1994, Li et al. 1995), and cDNA analyses
of nematode allergens have revealed sequence homology
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betweenAscarismajor allergen, ABA-1, and surface-asso-
ciated glycoproteins of several filarial parasites (Spenceet
al. 1993). The IgE-reactiveTeladorsagiaantigens may be
structural or integral components of the parasite cuticle,
alternatively they may be secreted proteins and enzymes
associated with surface structure, such as those involved in
the process of exsheathment. In view of their possible
importance in the development of immunity, further studies
are required to confirm the localization and establish the
identity of these allergens.

ACKNOWLEDGEMENTS

The authors would like to thank Mr Brian Easter for
preparing the photographs. Drs J.Huntley, F.Jackson,
W.D.Smith and Ms A.Mackellar were funded by the
Scottish Office, Agriculture Environment and Fisheries
Department. Dr H.D.F.H.Schallig was funded by the
Netherlands Technology Foundation (grant UDG 55·3762).

REFERENCES

Alyaman F., Genton B., Anders R.F.et al.(1994) Relationship between
humoral response toPlasmodium falciparummerozoite surface
antigen-2 and malarial morbidity in a highly endemic area of
Papua-New-Guinea.American Journal of Tropical Medicine and
Hygiene51, 593–602

Armour J., Jarrett W.F.H. & Jennings F.W. (1966) Experimental
Ostertagia circumcinctainfections in sheep.American Journal of
Veterinary Research27, 1267–1278

Baker D.G. & Gershwin L.J. (1992) Seasonal patterns of total and
Ostertagia-specific IgE in grazing cattle.Veterinary Parasitology44,
211–221

Baker D.G. & Gershwin L.J. (1993) Inverse relationship between IgE
and worm burdens in cattle infected withOstertagia ostertagi.
Veterinary Parasitology47, 87–97

Bell R.G. (1996) IgE, allergies and helminth parsites: A new perspec-
tive on an old conundrum.Immunology and Cell Biology74, 337–
345

Coop R.L., Sykes A.R. & Angus K.W. (1977) The effect of a daily
intake ofOstertagia circumcinctalarvae on body weight, food intake
and body constituents in sheep.Research in Veterinary Science23,
76–83

Huntley J.F., Schallig H.D.F.H., Kooyman F.N.J.et al. (1998) IgE
responses in the serum and gastric lymph of sheep infected with
Teladorsagia circumcincta. Parasite Immunology; (in press)

Jarrett E.E.E. & Bazin H. (1974) Elevation of total serum IgE in rats
following helminth parasite infection.Nature, (Lond.) 251, 613–614

Jarrett E.E.E. & Miller H.R.P. (1982) Production and activities of IgE in
helminth infection.Progress in Allergy31, 178–233

King C.C., Low C.C. & Nutman T.B. (1993) IgE production in human
helminth infection-reciprocal interrationship between IL-4 and IFN-
gamma.Journal of Immunology150, 1873–1880

Kooyman F.N.J., van Kooten P.J.S., Huntley J.F.et al. (1997) Produc-
tion of a monoclonal antibody specific for ovine immunoglobulin E
and its application to monitor serum IgE responses toHaemonchus
contortusinfection.Parasitology114, 395–406

Li Z.J., King C.L., Ogundipe J.O., Licate L.S. & Blanton R.E. (1995)
Preferential recognition by human IgE and IgG4 of a species- specific
Schistosoma haematobiumserum-protease inhibitor.Journal of
Infectious Diseases171, 416–422

Mayrhofer G., Bazin H. & Gowans J.L. (1976) Nature of cells binding
anti-IgE in rats immunised withNippostrongylus brasiliensis: IgE
synthesis in regional nodes and concentration in mucosal mast cells.
European Journal of Immunology6, 537–545

Miller. H.R.P. (1996) Mucosal mast cells and the allergic response
against nematode parasites.Veterinary Immunology and Immuno-
pathology54, 331–336

Pritchard D.I. (1993) Immunity to helminths: is too much IgE parasite –
Rather than host protective?Parasite Immunology15, 5–9

Pritchard D.I., Quinnell R.J. & Walsh E.A. (1995) Immunity in humans
to Necator americanus: IgE, parasite weight and fecundity.Parasite
Immunology17, 71–75

Shaw R.J., Gatehouse T.K. & McNeill M.M. (1998) Serum IgE
responses during primary and challenge infections of sheep with
Trichostrongylus colubriformis. International Journal For Parasi-
tology 28, 293–302

Shaw R.J., Grimmett D.J., Donaghy M.J.et al. (1996) Production and
characterisation of monoclonal antibodies recognising ovine IgE.
Veterinary Immunology and Immunopathology51, 235–251

Shaw R.J., McNeill M.M., Gatehouse T.K. & Douch P.G.C. (1997)
Quantification of total sheep IgE concentration using anti-ovine IgE
monoclonal antibodies in an enzyme immunoassay.Veterinary
Immunology and Immunopathology57, 253–265

Smith W.D., Jackson F., Jackson E.et al. (1981) Changes in the flow
and composition of gastric lymph in sheep repeatedly infected with
Ostertagia circumcincta. Journal of Comparative Pathology91,
553–564

Spence H.J., Moore J., Brass A. & Kennedy M.W. (1993) A cDNA-
encoding repeating units of the ABA-1 allergen of ascaris.Molecular
and Biochemical Parasitology57, 339–344

Stevenson L.M., Huntley J.F., Smith W.D. & Jones D.G. (1994) Local
eosinophil- and mast cell-related responses in abomasal nematode
infections of lambs.FEMS Immunology and Medical Microbiology
8, 167–174

Thatcher E.F., Gershwin L.J. & Baker N.F. (1989) Levels of serum IgE
in responses to gastrointestinal nematodes in cattle.Veterinary
Parasitology32, 153–161

Voller A., Bidwell D.E. & Bartlett A. (1979) InThe Enzyme Linked
Immunosorbent Assay (ELISA). A Guide with Abstracts of Microplate
Applications.Nuffield Laboratories of Comparative Medicine, The
Zoological Society of London, Regents Park, London

Young C.J., McKeand J.B. & Knox D.P. (1995) Proteinases releasedin-
vitro by the parasitic stages ofTeladorsagia circumcincta, an ovine
abomasal nematode.Parasitology110, 465–471

Volume 20, Number 11, November 1998 IgE antibody toTeladorsagia

q 1998 Blackwell Science Ltd,Parasite Immunology, 20, 565–571 571


