veterinary
parasitology

Veterinary Parasitology 111 (2003) 217-230

www.elsevier.com/locate/vetpar

Temporal pattern of isotype-specific antibody
responses in primary and challenge
infestations of sheep witRsoroptes

ovis—the sheep scab mite

A.H.M. van den BroeR*, J.F. Huntley, J. MachelP,
M.A. Taylor®, H.R.P. Miller?

@ Department of Veterinary Clinical Sudies, Royal (Dick) School of Veterinary Studies,
University of Edinburgh, Easter Bush \eterinary Centre, Easter Bush, Roslin EH25 9RG, UK
b Division of Parasitology, Moredun Research Institute, Pentlands Science Park,

Bush Loan, Penicuik EH26 0PZ, UK
¢ \Veterinary Laboratories Agency, New Haw, Addlestone, Surrey KT15 3NB, UK

Received 24 May 2002; received in revised form 15 October 2002; accepted 16 October 2002

Abstract

In sheepPsoroptes ovis provokes an allergic dermatitis with significatovis antigen-specific
IgE responses. The kinetics of the IgE response to primary and challenge infestaBRansofere
reported earlier [Parasite Immunol. 22 (2000) 407]. The present study examines IgG, IgM and IgA
responses to primary and challenge infestatios @fisand the profile of antigens/allergens react-
ing with IgG and IgE antibodies. Antigen-specific enzyme-linked immunosorbent assays (ELISAS)
demonstrate that primary infestations elicited significant increases in levels of IgG and IgM but not
IgA antibodies. IgG and IgM responses to primary and challenge infestations were not significantly
different. Western blots of reducéd® ovis proteins indicate that IgG antibodies reacted with five
major antigens following primary infestation and only three of these after challenge infestation. IgE
antibodies bound to three major and five minor allergens after primary infestation and two additional
minor allergens after challenge infestation. Immunodominant antigens >10QX5kiDa and al-
lergens >100 kDa were most consistent in stimulating substantial IgG and IgE antibody responses,
respectively. These antigens/allergens may be exploited in immunodiagnosis and modulation of the
host immune response.
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1. Introduction

The astigmatid mitePsoroptesovis, is the highly contagious cause of sheep scab, a severe
debilitating exudative dermatitis. This disease is accompanied by intense pruritus, extensive
self-inflicted damage to fleece and skin, restlessness, loss of condition and occasionally
epileptiform convulsions and deatBygrave et al., 1993; Sargison et al., 1995; Bates,
1997. These clinical features, its rapid spread through a flock and increase in incidence
since 1992 when dipping of sheep to control the disease ceased to be compulsory, make sheep
scab one of major welfare and economic importance to the UK sheep indkisttyéod,

1986; Pearson, 1996; Anon, 1997

A number of studies of infested sheep and cattle have suggested that IgE-mediated type
1 hypersensitivity plays a major role in the generation of cutaneous path&bogyr(berg
and Fisher, 1986; Stromberg and Guillot, 1989; van den Broek et al.,)2Bi@3t an-
tibody responses may also contribute to the substantial protective immunity observed
in sheep following primary infestations and vaccinati@ates, 2000; van den Broek
et al., 2000; Smith et al., 20D1Analysis of antibody responses elicited by primary and
challenge infestations and identification of antigens/allergens dominating these responses
may give an indication of their role in the development of pathology and/or resis-
tance.

P. ovis antigen-specific IgG and IgE but not IgM and IgA antibody responses to exper-
imental infestations of rige sheep have been reporté&dBrien, 1992; Bates, 1997; van
den Broek et al., 20Q0Several IgG- and IgE-reacti ovis antigens/allergens have been
detected by SDS-PAGE/Western blot techniquezs/te et al., 1991a; Matthes et al., 1996;
Jayawardena et al., 199&owever, antigen binding by IgM and IgA antibodies and differ-
ences in the profile of antigen binding in primary and challenge infestations have not been
reported.

In this study which extends our earlier work on the IgE antibody resporese den
Broek et al., 200) we monitored 1gG, IgM and IgA antibody levels after primary and
challenge infestations of sheep wikhovis. In addition, SDS-PAGE/Western blot tech-
niques were employed to identiB ovisimmunodominant antigens and allergens reacting
with IgG and IgE antibodies, respectively, at different stages of primary and challenge
infestations.

2. Materials and methods
2.1. Animals

2.1.1. Primary infestation (group 1)

Nine P. ovis-naive x Suffolk sheep aged 1-2 years were infested with 25-50 ovigerous
P. ovis mites as described previouslyah den Broek et al., 2000Blood samples were
collected into vacutainer tubes, containing no anticoagulant (Becton Dickinson, Franklon
Lakes, NJ, USA), by jugular venipuncture, and the serum was harvested. At 12 and 13
weeks after infestation the sheep were treated with an endectocide (lvomec, MSB Agvet,
200p.9/kQ).
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2.1.2. Secondary (challenge) infestation (group 2)

Five of the treated sheep from group 1 were maintained mite-free for 11 weeks post-
treatment and then were re-infested, as previously, with the 25-50 ovigermas mites.
Blood samples were taken from these sheep as described earlier.

2.1.3. Control (primary) infestation (group 3)

To ensure comparable pathogenicity of mites used in primary and challenge infestations,
five P. ovis-naive sheep (controls) were infested (group 3) with 25-50 ovigerous mites from
the same batch as those used to infest the sheep in group 2. Blood samples were also taken
from these sheep as described earlier.

2.2. Antigens

P. ovis andPsoroptes cuniculi whole-mite extracts were prepared as folloRsvis and
P. cuniculi mites (adults, nymphs and larvae) were collected from infestations in sheep
and rabbits, respectively. The live mites were washed by vortexing for 5min in ice-cold
phosphate buffered saline (PBS, pH 7.2), followed by 1% sodium dodecyl sulphate (SDS) at
roomtemperature (RT) and finally 10 washes inice-cold PBS. Mites were then homogenised
and sonicated inice-cold PBS. The final homogenate was centrifuged at 10,000 g for 10 min
and the supernatant (whole-mite extract (WME)) harvested, aliquoted and stere@dat.
Protein content of the supernatant was determined, in accordance with the manufacturer’s
instructions, with a BCAM Protein Assay Kit (Pierce, lllinois).

Preliminary analysis of SDS-PAGE/Western blots confirmed the earlier observation of
almost complete homology between in the profil@aivisandP. cuniculi antigens revealed
by antibodies in sera from infested she&wyce and Brown, 1991 These preliminary
studies also indicated that ovine immunoglobulin ingested by mites harvested from sheep
did not produce ‘false’ antigens on Western blots. In view of this and the difficulty in
obtaining an adequate supply®fcuniculi mites, it was decided to empldy ovis antigen
in the SDS-PAGE/Western blot studies. However, contaminatidf ofis antigen with
ovine immunoglobulin \Wassall et al., 1987; Beetham, 1997; Pettit et al., 2@ give
unacceptably high background ODs in the sensitive enzyme-linked immunosorbent assay
(ELISA). Therefore, antigen derived froRcuniculi was used in the ELISA studies.

2.3. Enzyme-linked immunosorbent assay studies

Micro-ELISA plates (M129B, Dynex Technologies, Ashford, Middlesex) were incubated
for 1 h at RT with (5Qu! per well) P. cuniculi WME (10w.g/ml) in carbonate/bicarbonate
buffer (pH 9.6) and then washed twice with PBS/05% (v/v) Tween 20 (PBS/T20). On
the basis of preliminary titrations, sera were diluted, 1/800 for IgG/IgM and 1/5 for IgA
assays, in PBS/0.5% (v/v) Tween 80/0.5M NaCl (PBS/T80/NaCl) andl 80 the test
serum added to the wells. After incubation for 1h at RT, the plates were washed six
times with PBS/T20. Plates were then incubated withub6f the appropriately diluted
mouse anti-ovine monoclonal antibody, IgG (VPM6, 1/10in PBS/T80/NacCl), IgM (VPM13,
1/1000 in PBS/T80/NaCl) or IgA (Serotec, 1/2000 in PBS/T80/NacCl). This incubation was
followed by one with 5Qul biotinylated goat anti-mouse Ig conjugate (Dako, Ely Cambs,
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UK; 1/1000 dilution in PBS/T80/NaCl) and streptavidin—horse radish peroxidase (Dako,
1/2000 dilution in PBS/T80/NaCl). Each incubation was for 1 h at RT and plates were then
washed six times in PBS/T20. Colour reaction was developed by incubating witho50
3,3,5,5-tetramethylbenzidine (TMB) substrate (Dynex Technologies) for 10 min. Incuba-
tions were at RT and stopped by the addition ofb6f 0.18 M H,SO4 {(Wller et al., 1979.

The OD of the colour reaction at 450 nm was measured in a Labsystems iEMF Reader
(Labsystems Life Sciences International, Hampshire, UK). In order to compare results be-
tween assays, aliquots from a pool of positive sera were store@GtC and serum from a

fresh aliquot was included on each plate and the£gbf unknown samples were adjusted
relative to this. In practice, between-test variability was minimal.

2.4. SDSPAGE/\Western blots

Electrophoretic profiles ofP. ovis WME were obtained by discontinuous SDS-PAGE.
Mite extracts (10Gul) were reduced and denatured by boiling for 5min in ill@ample
buffer (2.5 ml stacking buffer (30.25 g Tris in 500 ml distilled water), 3.2 ml distilled water,
2ml glycerol, 2ml of 20% SDS, 1 mB-mercaptoethanol, 0.2 ml of 0.1% bromophenol
blue) and then loaded (15—2@ per lane) onto 0.75 mm thick 12% minigels with a 4%
stacking gel. Protein standards were loaded into an additional well and each gel run at 200 V
for 35—-45 min. The separated proteins were transferred onto nitrocellulose (NC) membrane
using a semi-dry transfer apparatus at 70 A per gel for 60 min at RT. After transfer, the NC
membranes were stained with 0.1% (w/v) Ponceau S in 5% (v/v) acetic acid (Sigma, Gilling-
ham, Dorset) and cut into strips. The strip with molecular weight markers (MultiNgrk
Novex, San DiegdJSA) was dried and stain was removed from strips containing separated
mite proteins by three washes in 5% acetic acid followed by a rinse in distilled water and
a final wash in PBS/T80/NaCl. These were then incubated in PBS/T80/NaCl for 30 min
at RT on an orbital shaker (100 cycles/min) to block non-specific protein adsorption. Sub-
sequently, to detect reactivity with ovis antigen-specific antibodies, the blotted proteins
were probed with test sera. Antigens binding IgG and IgM antibody were identified with
sera prepared at a dilution of 1/100 in PBS/T80/NaCl and IgA reactivity was probed with
sera prepared at a dilution of 1/10 in PBS/T80/NaCl. Reactivity with IgE antibodies was de-
termined by incubation with pre-treated sera. Briefly, serum sampleg10&re heated
at 56°C for 30 min and then precipitated in 30 and 50% saturated ammonium sulphate
(Kooyman et al., 1997 The final precipitate was dissolved in 2000f PBS/T80/NacCl
and this solution employed to probe allergen binding. After incubation for 1 h at RT with
constant rocking the blots were washed three times in PBS/T80/NaCl. They were then incu-
bated with mouse anti-ovine monoclonal antibody (IgG (VPM®6, 1/10 in PBS/T80/NaCl),
IgM (VPM13, 1/1000 in PBS/T80/NacCl), IgA (Serotec, 1/200 in PBS/T80/NaCl) and IgE
(IE7, 1/10 in PBS/T80/NaCl)) for 1 h. This was followed by incubation with biotinylated
goat anti-mouse Ig (Dako, 1/1000 in PBS/T80/NaCl) for 1 h and streptavidin—horseradish
peroxidase (Dako, 1/2000 in PBS/T80/NacCl) for 30—60 min. Each incubation was at RT
on an orbital shaker (100 cycles/min) and followed by three washes in PBS/T80/NaCl. Fi-
nally peroxidase activity in blots incubated with anti-ovine IgG, IgM or IgA was revealed
with diaminobenzidine/urea#4®, substrate (Sigma Fd$t DAB tablet, Sigma). Peroxi-
dase activity in blots incubated with anti-ovine IgE was detected by chemiluminescence
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as described by the manufacturer (E®LWestern blotting, Amersham). Pooled sera col-
lected from sheep before primary infestation and after 10 weeks after challenge infestation
were used, respectively, as negative and positive controls. In additional control blots, serum
or monoclonal antibody were replaced by wash diluent.

2.5. Satistical analysis

Differences between the groups in the isotype-specific antibody responses were evalu-
ated by analysis of co-variance as described previowsly len Broek et al., 2000The
two-tailed student’s-test was employed to determine the significance of differences in
antibody levels within each group.

3. Results
3.1. ELISA studies

Sera were collected weekly from 0 to 14 weeks and at week 16 of the primary infesta-
tion. P. ovis antigen-specific IgG, IgM and IgA antibody levels were estimated in samples
collected from five sheep (group 1). Later IgG, IgM and IgA antibody levels ¢twis were
determined in sera collected weekly from O to 8 weeks after challenge re-infestation of
these five sheep (group 2) and the accompanying control (primary) infestations (group 3).

3.1.1. 1gG antibody

A significant (P = 0.046) increase in mean IgG antibody levEld. 1) was first seen
2 weeks after primary infestation (group 1). Antibody levels of group 1 sheep rose more
rapidly than those of group 3 and were significantly greater<( 0.003) than those of
group 3 at 7 weeks. Peak antibody levels (group 1) were achieved from 8 to 12 weeks
after infestation. In challenge infestations (group 2) there was a prompt but transient IgG
antibody responsd-{g. 1) though statistically it was not significantly different from the
baseline value. No significant differences were detected in antibody levels of sheep with
primary (groups 1 and 3) and challenge (group 2) infestations.

3.1.2. IgM antibody

A significant (P = 0.04) rise in mean IgM antibody level was first detected 7 weeks after
primary infestation (group 1). There was no statistical difference between IgM antibody
levels of sheep with primary and challenge infestatidfig.(2).

3.1.3. 1gA antibody
No increase inP. ovis antigen-specific IgA level was detected following primary or
challenge infestation.

3.2. SDSPAGE/\Western blots

As Western blots probed with anti-IgM and -IgA antibody revealed only faint labelling
of antigens, which was difficult to interpret, these results are omitted.
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Fig. 1. P. ovis antigen-specific 1gG levels in the course of primary and challenge infestations. The grey arrow
indicates first occurrence of a significant increase in antibody level during primary infestations and the black arrows
indicate treatment with endectocide. At 7 weeks the IgG level in group 1 was significantly greated.003)

than that in group 3 but no significant differences were detected between IgG levels of sheep with primary (groups
1 and 3) and challenge (group 2) infestations.
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Fig. 2. P. ovis antigen-specific IgM levels in the course of primary and challenge infestations. No significant
differences were detected between IgM levels of sheep with primary (groups 1 and 3) and challenge (group 2)
infestations.
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Fig. 3. Sheep 3: development®bvisantigen recognition by IgG antibodies in the course of primary and secondary
infestations. Primary infestation: lane A, pre-infestation; lane B, mid-infestation; lane C, end-infestation. Challenge
infestation: lane D, pre-challenge; lane E, 2 weeks post-challenge; lane F, 6 weeks post-chafieRgsitive

control (pooled sera from terminal bleed of challenged sheep)négative control (pooled sera collected from
sheep before primary infestation).

Major IgG-reactive antigens and major IgE-reactive allergens were defined as those bind-
ing IgG and IgE antibodies, respectively, in atleast 50% of the sera tested and demonstrating
strong reactivity with at least 50% of thedeo(venstein, 1978 Blots demonstrating the
development of antigen and allergen labelling by IgG and IgE antibodies, respectively, in
the course of primary and challenge infestations are showigm 3 and 4respectively.

A B

c D E F Mw

— 4

Fig. 4. Sheep 3: development Bf ovis allergen recognition by IgE antibodies in the course of primary and
secondary infestations. The evident differences in the intensity of IgG and IgE labelling Ségn 3and this

figure are partly due to the use of chemiluminescence to detect peroxidase activity in blots incubated with anti-ovine
IgE, this greatly enhanced detection of IgE binding.



224 A.H.M. van den Broek et al./ \eterinary Parasitology 111 (2003) 217-230

Table 1

Major IgG-reactive antigens detected in the course of primary infestations

Molecular  Control (pre-infestation) Weeks 4-6 Weeks 11-13 Pooled
Wt 2 3 4 5 6 1 2 38 45612 3 45 60
(kDa)

>100 s s s S M Vs m m S S VS
90

80

70

65

54-57 m m w W s S w w m
50

45-47 m m w W m s w s m
40

28-34 w m m s m m s m S s
<15 m m m m s S W VS vS m s

Intensity of antibody labelling: w, weak; m, medium; s, strong; vs, very strong.
aSera collected from terminal bleed at conclusion of challenge infestation.
b Sheep number.

3.2.1. Primary infestation

In primary infestations, binding of IgG antibodies to reduced antigens and of IgE an-
tibodies to allergens was evaluated in blotPobvis proteins probed with sera collected
from six sheep in group 1 before infestation, at 4—-6 and 11-13 weeks after infestation.
Clinically, the 4—6-week period represented the mid-stage of lesional development and by
11-13 weeks lesions were resolving.

Individual animals exhibited considerable variation in the profile of antigens and al-
lergens labelled by IgG and IgE antibodies, respectively. As the infestations progressed,
IgG and IgE antibodies reacted with a greater number of antigens and allergens, respec-
tively, and the intensity of labelling increased. At 11-13 weeks after primary infestation
five major 1gG-reactive antigenggble ) and three major and four minor IgE-reactive
allergens Table 9 were detected on Western blots. Several other antigens were labelled
by immunoglobulin IgG (MW: 80, 65, 40 and 20 kDa) and further allergens were labelled
by immunoglobulin IgE (MW: 90 and 80kDa) but these were weakly reactive and oc-
curred less consistently. Antigens >100 antl5 kDa and allergens >100 kDa were more
consistent than others in stimulating substantial IgG and IgE antibody responses, respec-
tively.

3.2.2. Challengeinfestation

In challenge infestations, binding of IgG and IgE antibody was determined in blots probed
with sera collected from three sheep in group 2 immediately before challenge and 2 and 6
weeks after challenge.

IgG antibodies in pre-challenge sera reacted weakly with up to three of the major antigens
identified during primary infestatioméble 3 while IgE antibodies labelled one major and
up to four minor allergensT@able 4. Two of these minor allergens (MW: 80 and 90 kDa)
were detected only inconsistently at 11-13 weeks after primary infestation. There was a
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Table 2
Major IgE-reactive allergens detected in the course of primary infestations
Molecular  Control (pre-infestation) Weeks 4-6 Weeks 11-13 Pooled
w3 4 5 6 1 2 3 45061 2345 60
(kDa)
>100 mWw W W m m VS VS S S VS VS VS
90
80
70 w w m m m w W m Ww
65 w w W W m w Vs w
54-57 W W W S m S Vs m s
50 w W w w w w m w w w m w
45-47 w W w m m s m m m m
40
28-34 W w w m m m m m m S W S m S m S wW m
<15 w S

Intensity of antibody labelling: w, weak; m, medium; s, strong; vs, very strong.
aSera collected from terminal bleed at conclusion of challenge infestation.
b Sheep number.

more rapid and marked increase in the intensity of allergen labelling and in the number
of allergens identified after challenge than primary infestati@ble 4. This is illustrated

by comparison of the intensity of allergen labelling 4—6 weeks after primary infestation
with that seen 2 weeks after challengiég( 4, lanes B and E, respectively). Enhancement
IgG antibody binding was also seen but developed more gradually than the increase in
IgE antibody binding. This is seen by comparison of the intensity with which IgG-reactive
antigens were labelled 4—6 weeks after primary infestation and 2 weeks after challenge
(Fig. 3 lanes B and E, respectively).

Table 3
Major IgG-reactive antigens detected in the course of challenge infestations

Molecular Control (before re-infestation) Week 2 Week 6
weight (kDa)

3 5 6 3 5 6 3 5 6

>100 m w w m w m S m
90
80
70
65
54-57 w w
50
45-47 w w w w w
40
28-34 w m S w

<15 w w w m w

Intensity of antibody labelling: w, weak; m, medium; s, strong.
aSheep number.
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Table 4

Major IgE-reactive allergens detected in the course of challenge infestations

Molecular Control (before re-infestation) Week 2 Week 6

weight (kDa)

3? 5 7 3 5 7 3 5 7

>100 w S m m S m
90 m w S S m S S
80 m w S
70 m m
65
54-57 m m
50 w m w S S m S S
45-47 w m m m s m S S s
40 w w m m m
28-34 w m m m S m Vs Vs m

<15 VS 'S S

Intensity of antibody labelling: w, weak; m, medium; s, strong; vs, very strong.
aSheep number.

4. Discussion

The present ELISA studies demonstrate that experimental infestationB. wilis elicit
IgG and IgM antigen-specific isotypes. We also identified a defined number of major
IgG-reactive antigens and IgE-reactive allergens that may be important in eliciting the im-
mune response to this mite. The kinetics of the IgG antibody response to primary infestation
was comparable to that observed in earlier studies of infestations in dhatys(199Y,
cattle Fisher, 1983; Pruett et al., 1986; Lonneux et al., 98t rabbits hlir, 1997).
The reason for the divergence in serum IgG responses of group 1 and 3 Eigeed) (
to primary infestations is uncertain. As reported earlien(den Broek et al., 2000le-
sional growth and by implication growth of the mite population in the two groups was
similar. This suggests a that the difference may reflect a disparity in the immune respon-
siveness of the two groups. In cattleigher, 1983 challenge infestations did not elicit
an anamnestic IgG antibody response. In the present study, an anamnestic antigen-specific
IgG antibody response was detected but because individual responses varied widely this
response was not statistically significant. This contrasts with the report of a significant,
rapid and sustained increase of antigen-specific IgE levels in the serum of sheep after chal-
lenge infestations oP. ovis (van den Broek et al., 2000The observation of a gradual
increase in intensity of 1IgG binding and rapid increase in that of IgE binding on West-
ern blots labelled, respectively, by IgG and IgE antibodies in sera collected from sheep
after challenge infestations is consistent these ELISA findings. The present study failed
to detect evidence of B ovis antigen-specific IgA antibody response, though detection
of faint staining on SDS-PAGE/Western blots suggested that a weak response did occur.
The IgA antibody response to ectoparasites other Saacoptes scabiei does not appear
to have been reported. Several studies of human patients and one of dogs with sarcop-
tic mange recorded a fall in total serum IgA antibody levels that was reversed after suc-
cessful treatmentHalk, 1980; Morsy et al., 1993; Nassef et al., 1991; Thoday, 1993
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However, increased numbers of IgA-positive cells have been detected in lesional skin of
pigs with sarcoptic mangeMorsy and Gaafar, 1989Studies in cattle, vaccinated intra-
dermally with Dermatophilus congolensis, have provided evidence of local production of
antigen-specific IgA and its secretion onto the surface of the skin in the absence of a rise
in serum antigen-specific IgA_-(oyd and McEwan Jenkinson, 1981t is possible, there-

fore, that IgA antibody may be involved in host defence even though it is not detected
serologically.

The role, if any, of the different isotypes responses in host defence is not clear. Ovine
immunoglobulin has been detectedRnovis mites harvested from infested she&ettit
et al., 2000. Host immunoglobulins could, therefore, have a direct, adverse effect on par-
asite survival. In a recent report, vaccination of calves with crude preparatidhowas
allergens induced immediate and 24—48 h hypersensitivity respoPeestt(et al., 1998
Although after challenge infestation no statistically significant difference was detected in
mite numbers and lesional areas on vaccinated and control calves, there was a trend that
suggested vaccination increased resistance to infestation. This was attributed to an aug-
mented IH response that resulted in pruritus and increased self-grooming. In our earlier
investigation of IgE antibody responses in the sheep used in the present study, we reported
that the challenged sheep (group 2) were resistant to re-infestatiordén Broek et al.,

2000. Although speculative, it is possible that the early IgE response rather than the IgG
response was critical in the development of this resistance. This would be consistent with
the observations d?ruett et al. (1998nd provides supportive evidence of the involvement

of IgE-mediated mechanisms in host resistande twis.

The profile of P. ovis antigens/allergens on SDS-PAGE/Western blots labelled by sera
collected during primary infestation was similar to those reported previously in sheep and
confirms the diversity of individual responsest@visantigens and allergenBdyce et al.,
1991a; Matthes et al., 1996; Jayawardena et al., 199&ough the present study sug-
gests that IgE antibodies react with a greater number proteins than IgG antibodies it is
possible that this difference is simply attributable to the greater sensitivity of the technique
(chemiluminescence) employed to detect IgE binding. A number of proteins appeared to
bind both IgG and IgE antibodies. These could be proteins possessing epitopes that bind
IgG or IgE or both or different proteins of the same or similar molecular weights that
possess either 1gG- or IgE-binding epitopes. The Western blots also indicated that as the
infestations progressed, IgG and IgE antibodies reacted with a greater number of anti-
gens and allergens, respectively, and that the intensity of antigen and allergen labelling
increased. This is consistent with the observation of a progressive increase mite num-
bers and therefore antigenic challenge in the course of primary infestaiates( 199Y.

In addition, simulation analysis of population dynamics suggests that if the immune re-
sponse reduces adult female fecundity the relative numbers of eggs, larvae, nymphs and
adults challenge will alter in the later stages of primary infestatidvili(et al., 1999.

As a consequence there may be a corresponding change in the profile of antigens and al-
lergens detected on Western blots. We have previously reported the failure of challenge
infestations in group 2 sheep to become established (len Broek et al., 2000this

would result in a weaker antigenic challenge and probably accounts for the observation that
fewer IgG-reactive proteins were labelled with 1gG in challenge than primary infestations.
The observation that some immunodominant antigens, particularly those >100 kDa, were



228 A.H.M. van den Broek et al. / \eterinary Parasitology 111 (2003) 217-230

recognised more consistently than others, may have implications for the serodiagnosis of
sheep scab. At present only twoPfovis antigens/allergens have been characterised. One,
povDerpl, displayed a sequence homology with the group 1 mite allergen Derpl derived
from Dermatophagoides pteronyssinus and migrated as a 36 kDa barice€ et al., 200p

The other, a 16 kDa polypeptide, elicited an immediate cutaneous hypersensitivity reac-
tion in cattle and possessed a sequence homology with group 2 mite allergens Lepd2 and
Derf2, fromLepidoglyphus destructor andDer matophagoidesfarinae, respectively Pruett,

1999.

At present diagnosis of sheep scab is suggested by history and clinical signs and is con-
firmed by identification oP. ovis mites in scrapings from lesional skin. Inevitably, animals
with sub-clinical disease or minimal lesions may escape detection. Although studies of
experimentally infested cattle have indicated that some cattle with minimal lesions remain
seronegative on ELISARjsher et al., 1986; Lonneux et al., 192®d the present study indi-
catesthat sheep with similar lesion areas may have considerably different IgG responses, em-
ployment of an immunodiagnostic test may provide a more reliable method for screening a
flock/herd than clinical examination. Recen®gchs et al. (2001described a sensitive sand-
wich ELISA for the diagnosis d®. ovisinfestation in sheep. Although this assay employed
crudeP. cuniculi extract its diagnostic sensitivity was cited as 93.7% and its specificity as
96.5%. However, it is notable that in this evaluation of specificity, four out of four sheep
with chorioptic mange and three out of five sheep with forage mites gave ELISA readings
above the cut off value. Earlier studies employing ELISA and/or SDS-PAGE/Western blot
techniques have revealed cross-reactivity in the antigen repertdi@iaiptes spp. mites
and related mites such &horioptes bovis, Sarcoptes suis and Notedres cati (Matthes
et al., 1998 andD. pteronyssinus (Stewart and Fisher, 1986Cross-reactivity with ixo-

did (Dermacentor variabilis) and argasid@rnithodorus spp.) ticks has also been reported
(den Hollander and Allen, 1986; Wozniak et al., 199bhis cross-reactivity may explain

the observation in the present study of immunoglobulin IgE-reactive bands in a significant
number of pre-infestation sera. More importantly, cross-reactivity of this nature will com-
promise specificity and reduce the reliability of serodiagnostic tests. However, the present
study and earlier investigations suggested that a specific profile of antigen recognition may
characterisé® ovis infestations Boyce et al., 1991a; Matthes et al., 199%he present
study also indicated that some immunodominant antigens stimulate seroconversion early
in the course of infestation. Identification and isolation of thBsaroptes spp.-specific
antigens and their expression as recombinant proteins might improve sensitivity and speci-
ficity ofimmunodiagnostic tests and importantly guarantee their reproducibility. These may
provide a sensitive method for screening flocks and individual animals and facilitate the im-
plementation of control programmes. They could also be used for epidemiological surveys
(Lonneux et al., 1996; Boyce et al., 1991b

The SDS-PAGE/Western blots also identified allergens dominating IgE antibody re-
sponses to primary and challenge infestations. Histopathology suggests that IgE-mediated
responses contribute to cutaneous pathology while the IgE antibody response in challenge
infestations indicates that they may also be involved in host deferaceden Broek et al.,

2000. These allergens may, therefore, be suitable candidates for inclusion in vaccines de-
signed to modulate the host response to infestation. They would also be of value in more
detailed studies of the immunopathogenesis of sheep scab.
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