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Abstract. The astigmatid mite Sarcoptes scabiei is the causative agent of scabies, a highly infectious parasitic disease
of the skin. Although the mite causes marked hypersensitivity reactions, particularly in crusted (severe) scabies, little is
known about the specific scabies mite molecules involved in such immunologic responses. We have identified six genes
encoding scabies mite homologues of mu and delta-like glutathione S-transferases (GSTs) as well as novel house dust
mite GSTs. A mu class S. scabiei GST was subcloned into a prokaryotic expression system. The purified recombinant
protein rSsGSTO1 reacted strongly with IgE and IgG4 in sera from crusted scabies patients. This response was not
observed with control antigens or with ordinary scabies and uninfested patient sera. In addition, the specific IgE
response to rSsGSTO1 did not correlate with the total IgE level of the patient. These results suggest that GST may play
a role in the pathophysiology associated with crusted scabies.

INTRODUCTION

Scabies is caused by infestation of the skin with the “itch
mite” Sarcoptes scabiei. Although the resulting pruritis causes
significant distress, untreated scabies is also commonly asso-
ciated with pyoderma, primarily caused by Group A Strepto-
coccus and Staphlycoccus aureus via damaged epidermis.'
The clinical consequences of secondary bacterial infection can
include cellulitis, lymphangitis, and acute glomerulonephritis,
resulting in considerable morbidity.? Further, there is increas-
ing evidence that streptococcal infections of the skin can lead
directly to rheumatic fever and consequent rheumatic heart
disease.” Scabies causes significant morbidity worldwide, es-
pecially for disadvantaged populations and immunocompro-
mised individuals. It has been estimated that more than 300
million people are infested with S. scabiei despite the avail-
ability of effective treatments.* In rare cases, crusted scabies
develops, in which mites multiply in their millions and the
affected person develops severe crusting of the skin. Like
many other infectious diseases, scabies is transmitted by con-
tact and therefore is primarily a disease of overcrowding and
poverty. Scabies is endemic in northern and central Austra-
lian remote Aboriginal populations where up to 50% of chil-
dren may be infested. Furthermore rates of crusted scabies in
this population are among the highest recorded in the world.”

Little is known about immunologic responses in scabies.
Pruritis and papular rash take 4 weeks or more to develop
after primary infestation® indicating a delayed type hypersen-
sitivity response. However, lesions and itching are evident
within 24-48 hours after secondary infestation. Both experi-
mental infestation and clinical observations indicate resis-
tance to infestation can be acquired.®® However, the indi-
vidual antigens relevant to these responses have received very
little study because of the extreme difficulty of obtaining ex-
perimental material in significant amounts. In the Northern
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Territory of Australia, a limited number of patients (6-12 per
year) with crusted scabies are admitted to the Royal Darwin
Hospital. Shed skin from the bedding of these patients has
provided a noninvasive source of mites, which has formed the
basis of a DNA sequencing program. In recent immunoblot-
ting studies, we demonstrated that sera from these patients
showed strong IgE binding to up to 21 scabies mite proteins.
In this study, it was found that sera from patients with ordi-
nary scabies showed weaker binding to a maximum of six
scabies mite proteins.” However, the identity of these aller-
gens is still unknown. This contrasts with the situation in the
related astigmatid house dust mites, which can be cultured in
vitro, and in which characterized antigens and allergens have
been determined to be important in the development of
asthma. Sequencing of cDNA clones prepared from scabies
mites from foxes'® as well as those from the above patients
with crusted scabies'! have started to address this difficulty in
the study of scabies. Scabies mite cDNA clones encoding ho-
mologues of a number of house dust mite allergens including
the Group 11 paramyosin allergen,'®'! the Group 14 apoli-
poprotein allergen,*!"*? the Group 8 glutathione S-transferase
(GST) allergen,'*'* the Group 3 serine protease allergen,'
and the Group 1 cysteine protease allergen,'® have now been
identified.

GSTs have been studied in a number of parasites as they
are potentially relevant to both the immune response of the
host and resistance of the parasite to drugs.'®'® They are
ubiquitous in eukaryotes and catalyze the conjugation of glu-
tathione to numerous electrophilic substances. They have a
range of functions including metabolism of toxic substances,
intracellular transport, digestive processes, and prostagladin
synthesis (reviewed in Refs. 19-21). The cytosolic GSTs are
encoded by related gene families/classes including alpha,
beta, delta, kappa, mu, omega, pi, sigma, theta, and zeta®?
with interclass sequence identity generally lower than 30%.%
Some classes have a wide distribution and have been identi-
fied in many organisms, whereas other classes appear to be
more specific such as the beta class found in some bacteria,
the phi and tau classes in plants, and the delta and epsilon



978 DOUGALL AND OTHERS

classes in insects. At least nine classes of GSTs have been
identified in mammals. Polyclonal antisera raised against a
specific GST class will often cross-react with the same class
from another species but cross-reactivity is generally not
noted between classes.”*

Cytosolic GST from the house dust mite Dermatophagoides
pteronyssinus (Der p 8, mu class)'® and the cockroach Blatella
germanica (sigma class)*> have been shown to act as allergens.
IgE radioimmunoassays with the Escherichia coli lysate of a
D. pteronyssinus cDNA clone showed that 40% of mite-
allergic patients recognized the GST. More than half of that
40% show a reaction 10 times greater than that of the normal
controls.”® Recombinant B. germanica GST bound IgE in
70% of cockroach-allergic asthma patients.”> Helminth GSTs
have been reported to be effective vaccine antigens (reviewed
in Refs. 27, 28). For example, Schistosoma mansoni GST in-
duced IgE and IgA responses that were apparently effective
in reducing parasitic load. The liver fluke Fasciola hepatica
GSTs have been identified as novel vaccine candidates that
protect sheep against fluke infection. A high percentage of F.
hepatica GST peptides were found to be antigenic although
considerable variability in response to the peptides was ob-
served among the vaccinated sheep.?®

A mu class GST isolated from a salivary gland cDNA li-
brary from the cattle tick Boophilus microplus showed 40%
identity to Der p 8.7 This GST was found to be expressed in
salivary glands and the gut of partially and fully engorged
females but not in larvae, from which a second B. microplus
GST molecule was isolated.*® A GST was also identified in
the sheep scab mite Psoroptes ovis however neither IgE nor
IgG antibodies could be detected to a recombinant form of
the protein. In addition, intradermal injection of the recom-
binant protein did not induce a weal reaction or provoke the
histopathological changes characteristic of the expected cuta-
neous inflammatory response.>!

Because of the potential significance of mite GSTs in the
host allergic immune response and their potential as effective
vaccine antigens, we have examined the relationships be-
tween S. scabiei GST and D. pteronyssinus GST cDNA se-
quences identified in our EST databases. In this paper, we
have conducted a phylogenetic analysis of these GST protein
sequences and describe the expression of a mu class SsGST in
E. coli. Additionally we present evidence of IgE and IgG4
immunoreactivity to this recombinant SsGST protein in pa-
tients with crusted scabies.

MATERIALS AND METHODS

Collection of patient sera. Collection of blood from pa-
tients was approved by the Human Research Ethics Commit-
tee of the Northern Territory Department of Health and
Community Services and the Menzies School of Health Re-
search (approval number 97/21). Informed consent was ob-
tained and blood collected from four groups of adult patients:
1) active crusted scabies (“crusted,” N = 10); 2) active ordi-
nary scabies (“ordinary,” N = 8); 3) previous ordinary scabies
but currently uninfested (“uninfested,” N = 10); and 4) no
known exposure to scabies mites (“naive,” N = 10). The
crusted scabies cases all had severe hyperkeratosis and nu-
merous mites were seen on skin scrapings, whereas ordinary
scabies patients had typical lesions and positive microscopic
identification of a mite or mite body part. The clinical and

immunologic histories of the crusted scabies patients included
in this study are described in Roberts and others.” Briefly, all
were from the tropical north of the Northern Territory of
Australia and had been admitted to Royal Darwin Hospital
for treatment of crusted scabies on multiple occasions. Total
serum IgE levels of crusted scabies patients were obtained
from Royal Darwin Hospital patient records.

Sequence identification and analysis. A total of 43,776 ran-
dom sequences from S. scabiei cDNA libraries''** and 3,168
random sequences from D. pteronyssinus cDNA libraries'
were analyzed using the basic local alignment search tool
(BLAST)?? for homology to sequences in the GenBank non-
redundant protein database, and assembled into contigs as
previously described.'®> Contigs with significant matches to
GST molecules were translated and analyzed for known pro-
tein domains by searching against the NCBI conserved do-
main database. Amino acid sequence alignments were con-
structed using ClustalW,** a distance matrix produced using
Protdist and phylogenies estimated using the Kitch algo-
rithm.>®> The contig chosen for expression, Yv4001A08 con-
sists of 10 clones (with at least one from each of the three
independent primary libraries) and the coding region has
been sequenced with a minimum of fivefold redundancy.

Cloning, expression, and purification of recombinant GST
in E. coli. The primers SsGSTO1-F 5'-gcggatccaaa ACCG-
TAAAAATGTCTTCG-3' and SsGSTO1-R 5'-
gecctgcagTTAATATTTTGTATTCC-3" (which included
BamHI and PstI restriction sites, respectively; S. scabiei spe-
cific sequence shown in upper case) were used to amplify the
full 689-bp coding sequence of the S. scabiei mu class GST
Yv4001A08 (SsGSTO1) by polymerase chain reaction from
the cDNA library using standard methods. The product was
directionally cloned into the expression vector pQE-9
(QIAGEN, Clifton Hill, Victoria, Australia), transformed
into the E. coli strain BL21 (containing pREP4) and clones
sequenced in both directions and screened for the expression
of an approximately 26-kDa protein. The recombinant
SsGSTO1 protein was purified from the soluble fraction of the
cell lysate by binding to a Ni-NTA agarose column
(QIAGEN) and eluting under nondenaturing conditions (50
mM NaH,PO,, 300 mM NaCl, 250 mM imidazole, pH 8.0). As
a control, recombinant Schistosoma japonicum 26-kDa GST
(rSj26GST) from the plasmid vector pGEX4T-2 (Amersham
Biosciences, Castle Hill, NSW, Australia) was expressed in E.
coli strain BL21 and purified on a glutathione column accord-
ing to the manufacturers instructions. Concentration of each
of the proteins was determined using the Bradford Assay
technique using Bradford reagent (Bio-Rad Laboratories,
Reagents Park, NSW, Australia).

Generation of rabbit antisera against rSsGSTO1. Ethical
approval for the use of rabbits for antibody generation was
approved by the Animal Ethics Committee of the Northern
Territory University, Darwin, NT, Australia (approval num-
ber A99019). Rabbit antisera was prepared at the Veterinary
Services Division of the Institute of Medical and Veterinary
Sciences, Gilles Plains, South Australia.

Gel electrophoresis analysis and immunoblotting. rSsGSTO01
and rSj26GST (2 pg/lane) were analyzed by sodium dodecyl-
sulfate polyacrylamide gel electrophoresis using 13% reduc-
ing gels and staining with Coomassie Blue R250 (Sigma-
Aldrich, Sydney, NSW, Australia), or by immunoblotting us-
ing standard methods.**>” Primary rabbit antisera was diluted
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1:500, and detected using 1:1,000 anti-rabbit immunoglobulins
alkaline phosphatase conjugate (Sigma-Aldrich) and devel-
oped with BCIP/NBT substrate (Promega Australia, Annan-
dale, NSW, Australia).

Enzyme-linked immunosorbent assays. An indirect en-
zyme-linked immunosorbent assay (ELISA) approach was
used to detect specific antibody responses to the rSsGSTO01
and rSj26GST with human sera samples. Either 1 pg/well
rSsGSTO1 or rSj26GST was bound to Nunc-lummuno 96-well
plates with MaxiSorp surface (Nalge Nunc International,
Rochester, NY) overnight at room temperature in phosphate-
buffered saline (PBS). Plates were blocked with 0.5% bovine
serum albumin in PBS for at least 2 hours at room tempera-
ture, then serum applied at a 1:10 (IgE/IgG4 assay) or 1:20
(IgG Assay) dilution in 0.5% bovine serum albumin in PBS
and incubated overnight at room temperature. Between each
step plates were washed once with 0.05% Tween 20 in PBS
then twice with PBS. Secondary antibody conjugated to alka-
line phosphatase, either 1:100 anti-human IgE (Sigma-
Aldrich), 1:1,000 monoclonal anti-human IgG (Sigma-
Aldrich), or 1:500 anti-human IgG4 (Southern Biotech, Bir-
mingham, AL) diluted in 0.5% bovine serum albumin in PBS,
was bound for at least 2 hours at room temperature. Color
was developed using 4-nitrophenyl phosphate substrate
(Roche, Dee Why, NSW, Australia) for 40 minutes at room
temperature and the absorbance was taken as the geometric
mean of triplicate absorbances measured at a wavelength of
405 nm.

To examine for any differences between group means re-
sults were statistically analyzed using non parametric Wil-
coxon matched pairs and Mann-Whitney tests in GraphPad
PRISM version 3.02.

To eliminate any competitive binding from IgG antibodies,
IgE immunoassays were also performed with serum pre-
absorbed against Protein G Sepharose 4 Fast Flow (Amer-
sham Biosciences, Uppsala, Sweden). Briefly equal volumes
of serum and prewashed protein G Sepharose, diluted 75:25
in PBS, were incubated on a roller at room temperature for 2
hours. The mixture was then centrifuged at 4,000 x g for 1
minute, the serum removed, diluted 1/10 in blocking buffer,
and IgE binding determined as previously described.

RESULTS

Identification of SsGST. Among the S. scabiei random
cDNA sequences, 6 contigs consisting of a total of 64 clones
were predicted by BLASTx and conserved domain searches
to encode GST molecules. Two of the contigs, Yv4001A08
and Yv5004H11, had as their most significant BLASTx match
the house dust mite D. pteronyssinus Group 8 allergen Der p
8 (accession number AAB32224), a mu class GST. The contig
Yv4001A08 included the sequence Yv4AO08 (accession num-
ber AF462190), previously identified during a pilot study of
145 of the ESTs.'' Yv4001A08 and Yv5004H11 were both
predicted to encode 219 amino acid polypeptides, and ap-
peared by all available criteria to be homologues of the mu
class GST Group 8 allergens. Yv4001A08 and Yv5004H11
were 63% and 65% identical to Der p 8, respectively, and
77% identical to each other.

One further S. scabiei contig, Yv5001DO03, had significant
BLAST matches with mu class GSTs from various organisms,
whereas the three remaining contigs, Yv4019DO0S,

Yv4022A06, and Yv5001F03, showed most significant
matches to delta and theta class GST molecules from various
organisms. Recent studies reveal Yv5001F03 is 100% identi-
cal to AY649788 an S. scabiei var. vulpes delta GST."?

Among the D. pteronyssinus random cDNA sequences, 3
contigs consisting of a total of 12 clones were predicted to
encode GST molecules. The contig Dp7019C10 showed 97%
amino acid identity to the published sequence of Der p 8 and
was presumed to be an allele of this molecule. Contigs
Dp7002H05 and Dp7018E11 showed 73% and 26% amino
acid identity to Der p 8, respectively, with the latter showing
its most significant BLAST matches with delta, epsilon and
theta class GSTs.

The sequences of the five S. scabiei and three D. pteronys-
sinus GST molecules were submitted to GenBank and were
assigned the accession numbers AY825933-AY825940. The
amino acid sequences of each of the contigs were aligned to
each other and to mu, theta, delta and epsilon class GSTs
from various organisms. The relationships between the se-
quences, estimated from the alignment, is shown in Figure 1.
All of the S. scabiei and D. pteronyssinus sequences, which
had as their most significant BLAST matches mu class GSTs,
clustered with the known mu class sequences. Each possessed
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FIGURE 1. Relationships of the identified S. scabiei and D. ptero-
nyssinus GST sequences with known GST sequences. The amino acid
sequences of the identified molecules were aligned using ClustalW
with mu class GSTs from D. pteronyssinus (Der p 8, P46419), P. ovis
(Pso o 8, AAF19264), and B. microplus (Bm mu 1, AAD15991; Bm
mu 2, AAL99403), as well as delta, epsilon, and theta class GSTs from
Drosophila melanogaster (DmGSTd2, AAF54787; DmGSTdS,
AAF54790; DmGSTel, AAF57701; DmGSTe9, AAF57693;
DmGSTtA, AAMS50184; DmGSTtB, AAF50899) and Anopheles
gambiae (AgGSTd2, CAA96104; AgGSTd3, AAMS53610; AgGSTel,
AAG45163; AgGSTe2, AAG45164; AgGSTtl, AAMG61893;
AgGSTt2, AAM61892). Yv5001FO3 is identical to recently released
S. scabiei var. vulpes delta GST AY649788. A distance matrix was
produced using Protdist and phylogeny estimated using the Kitch
algorithm.
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a mu loop as well as the phenylalanine residue which acts as
a “key” interacting with a “lock” provided by the second
subunit in the dimer. Both of these are distinctive features of
mu class GSTs.

All of the GST sequences identified possessed a residue in
the N-terminal region proposed to be involved in catalysis.
This consists of an invariant tyrosine in the mu class GST and
a highly conserved serine in the delta and theta classes. Each
also possessed the characteristic proline residue (in the loop
between a-2 and -3), which, although not playing a direct role
in catalysis, is thought to maintain the protein in a catalyti-
cally favorable conformation.*®

Expression and purification of recombinant S. scabiei GST
in E. coli. The full coding sequence of the first identified S.
scabiei GST contig Yv4001A08 (rSsGSTO01) was cloned into
the vector pQE-9. 1SsGSTO01 and 1Sj26GST were expressed in
E. coli and purified under nondenaturing conditions by affin-
ity chromatography. Analysis using polyacrylamide gel elec-
trophoresis showed a single band of 26 kDa for the rSj26GST
as expected and a single band of approximately 25 kDa for
the rSsGSTO1 with no detectable contaminating proteins. Im-
munoblotting showed that polyclonal rabbit antisera raised
against rSsGSTO1 recognised the rSsGSTO1 and also showed
strong cross-reactivity with the rSj26GST (data not shown).
The purified rSsGST01 bound to a glutathione column with
no detectable level of unbound protein, and could be eluted
from the column with glutathione, as could the purified
rSj26GST. Thus presumably these recombinant molecules
were in their native conformation and hence were suitable
substrates for immunoglobulin binding studies.

IgE reactivity of human serum to rSsGSTO01 and rSj26GST.
Serum from the four patient groups described were analyzed
by ELISA to detect the presence of specific IgE immunore-
activity to rSsGSTO01 and rSj26GST (Figure 2). Using the

Mann-Whitney test to analyze for differences between group
means, the IgE response of crusted scabies sera to rSsGST01
was significantly higher than the ordinary scabies sera (P =
0.0085), uninfested sera (P = 0.0011), and naive sera (P =
0.0007) (Figure 2). Furthermore, using the Wilcoxon matched
pairs test, the IgE response of the crusted scabies group to
rSsGSTO1 was significantly greater than their responses to
rSj26GST (P = 0.0059). There were no significant differences
between IgE binding to rSsGSTO01 and rSj26GST in the ordi-
nary or naive sera groups; however, the uninfested sera dem-
onstrated a significantly higher IgE response to the rSj26GST
than to the rSsGST01 (P = 0.0232).

To determine if the IgE response to the rfSsGSTO01 of each
crusted scabies patient was due to a high total IgE level, the
specific IgE response of each patient to rSsGST01 was com-
pared with their total IgE level. Although the total level of
IgE was extremely high in each serum, as has been previously
shown in crusted scabies patients,*® no correlation using non-
parametric (Spearman) correlation analysis was found be-
tween the total IgE level of individual crusted scabies patients
and the specific IgE response to rSsGSTO01 (Figure 3).

To evaluate whether SsGSTO1 specific IgE antibodies in
ordinary and uninfested subjects were being masked/blocked
by cross-reactive IgG, we further analyzed the same sera by
ELISA after depletion of serum IgG with protein G immo-
bilized on Sepharose beads. Depletion of IgG with protein G
in crusted, ordinary, and uninfested patients did not increase
specific IgE absorbance to rSsGSTO01 and rSj26GST antigen
compared with when unabsorbed serum was used (data not
shown).

IgG reactivity of human serum to rSsGST01 and rSj26GST.
The crusted, ordinary and uninfested patient sera were also
analyzed by ELISA for the presence of specific [gG immu-
noreactivity to rSsGST01 and rSj26GST (Figure 4). There
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FIGURE 2. Specific IgE levels for rSsGST01 and rSj26GST in crusted, ordinary, uninfested, and naive sera, determined using ELISA.
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FIGURE 3. The relationship between specific IgE level for
rSsGSTO1 determined using ELISA, and total serum IgE in indi-
vidual patients.

was no significant difference in IgG binding to rSsGSTO01 be-
tween the crusted, ordinary, and uninfested sera groups, as
determined by the Mann-Whitney test. Interestingly however,
the uninfested sera again demonstrated a significantly higher
response to the rSj26GST than to the rSsGSTO1 (P = 0.0039)
using the Wilcoxon matched pairs test. This trend was also
observed in the ordinary sera, although it was not found to be
significant (P = 0.0781) (Figure 4a).

To determine if this was a result of antigenic cross-
reactivity, the IgG response was then compared between un-
infested and naive sera (Figure 4b). The higher IgG responses
to both 1SsGSTO1 and rSj26GST seen in the crusted, ordinary
and uninfested groups were not seen in the naive group. The
response to rSj26GST and rSsGSTO1 in the naive group was
significantly lower than in the uninfested sera (P = 0.0001, P
= 0.0068 respectively). There was no significant difference
between the response to rSsGSTO01 and rSj26GST within the
naive group (P = 0.846).

IgG4 reactivity of human sera to rSsGST01 and rSj26GST.
The IgG4 response to rSsGSTO1 and rSj26GST (Figure 5)
showed a similar pattern to the IgE response. The 1gG4 re-
sponse to rSsGSTO1 in the crusted sera was significantly
higher than the ordinary (P = 0.0266) and uninfested (P =
0.0021) sera. Again, the crusted sera response to rSsGSTO01
compared with rSj26GST was significantly higher (P =
0.0059). However, no significant correlation was found be-
tween the paired IgG4 and IgE responses of individual
crusted scabies patients to rSsGSTO01 using nonparametric
(Spearman) correlation analysis (data not shown).

DISCUSSION

Scabies and house dust mite GSTs. Analysis of the primary
amino acid sequences of the glutathione transferases identi-
fied, indicates that the Yv4001A08, Yv5004H11, and
Yv5001DO03 are likely to encode catalytically active mu class
GST enzymes, whereas Yv4019DO0S8, Yv4022A06, and
Yv5001F03 are likely to encode catalytically active enzymes
most closely related to the delta and epsilon GST of insects.
In a parallel EST study on D. pteronyssinus, we have found a
previously unrecognized mu class GST gene. As the pub-
lished sequence of Der p 8 is 97% identical to Dp7019C10, it

is not clear if this represents gene duplication or whether they
are allelic forms of the same gene. However, Dp7002HOS is
clearly a different gene. It is not obvious why the correspond-
ing protein has not been observed in previous immunologic or
protein based studies, as seven clones of this sequence were
encountered compared with two of Der p 8. In addition, we
have identified a novel D. pteronyssinus sequence most
closely related to the delta and epsilon GST of insects.

The Acari may well have a unique complement of GST
classes as we have identified both mu class GSTs, which are
found in mammals but not insects, and a delta-like class, simi-
lar to the delta class of insects. In insects, the assignment of
GSTs to a particular class can be influenced by the location of
the gene within the genome.* At present, it is unknown how
many classes of GSTs are represented in Acari and whether
the genomic organisation of the genes will play a role in their
classification.

Reaction of patient sera with rSsGST01. SsGST01, the pro-
tein that is encoded by the S. scabiei sequence Yv4001AOS,
has been identified as a major S. scabiei antigen. It is recog-
nized by IgG from both crusted and ordinary scabies patients
and additionally by patients with a previous history of scabies.
Importantly it also appears to be a significant allergen of
crusted scabies patients. SSGSTO1 does not seem to be rec-
ognised by individuals with no known history of scabies. The
ability of rSsGSTO1 to bind to immobilized glutathione sug-
gests that is expressed in its native conformation in E. coli, as
is well established for rSjGST. This has proved to be an im-
portant issue with some house dust mite allergens, for ex-
ample the group 1 allergen Der p 1442

High response to rSj26GST. Surprisingly, we observed a
high IgG response to the rSj26GST in all scabies patient
groups. This may indicate a cross-reaction between the
rSj26GST and the rSsGSTO1 as observed with polyclonal rab-
bit antisera (data not shown) or a cross-reaction of the
rSj26GST with other parasite GSTs that these patient groups
may have been exposed to. The patients who have experi-
enced infestation with S. scabiei are also likely to have been
exposed to higher loads of unrelated parasites than the naive
controls. It is probable that some or all patients may have
been exposed to environmental schistosomes such as the lar-
val form of Austrobilharzia terrigalensis, which occurs in
northern Australian waterways, and causes a commonly rec-
ognized dermatitis associated with exposure to salt water.** It
can infest humans causing “swimmers itch” but cannot be
transmitted by humans.

Reaction of antibodies with SsGST01. There was no corre-
lation between total IgE and SsGSTO01-specific IgE in the sera
from crusted scabies patients. It is well documented that IgE
levels are greatly elevated in crusted scabies.>* Although on
admittance to Royal Darwin Hospital, crusted scabies pa-
tients were not screened for the presence of active infections
with helminth and/or protozoan parasites, all would have
been exposed to Trichurus trichiura, as this is endemic in
remote communities, and all would likely have had hook-
worm (Ancylostoma duodenale) as children. In general, all
crusted and ordinary scabies patient would have received al-
bendazole for worm therapy on many occasions. A small
number had concurrent sepsis requiring antibiotics and the
majority had Trichophyton rubrum (tinea) at some stage.
There is also no current evidence of any overt immune com-
plex disease, although an overrepresentation of antinuclear
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FIGURE 4. Specific IgG levels for rSsGSTO1 and rSj26GST in (a) crusted, ordinary, and uninfested sera and (b) uninfested and naive sera,

determined using ELISA.

antibodies in these patients, with high titers recorded in 13%
of 78 patients, has been documented.’ Sera from these crusted
scabies patients reacted more strongly and with more antigens
than did sera from ordinary scabies patients when tested
against whole scabies mite antigen extracts.” Further studies
with additional cloned antigens will be required to determine
to what extent the total IgE response is specific rather than
non specific.

In S. mansoni infection, high levels of IgE were associated
with resistance, whereas high levels of IgG4 antibodies were
associated with increased susceptibility.** 1gG4 is thought to
compete with IgE for the same parasite epitopes in both schis-
tosomiasis and filariasis.*> The pattern of IgG4 reactivity ob-
served here, like that of IgE, was much greater in the crusted
scabies patients. However as removal of IgG by protein G did
not change the observed IgE levels we have no evidence for
such competition, suggesting in this case differences in
epitope specificity. Further, pairwise comparisons revealed no
correlation in IgG4 and IgE in individuals.
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FIGURE 5. Specific 1gG4 levels for rSsGSTO1 and rSj26GST in
crusted, ordinary, uninfested, and naive sera determined using
ELISA.

Research over the past decade has established that there is
a fundamental skewing of immune responses in allergic dis-
eases towards a Th2-phenotype. Although the Th1/Th2
model may be an oversimplification, we have hypothesised
previously that in ordinary scabies the basal and antigen-
stimulated cytokine response will resemble a Thl response,
and in crusted scabies a Th2 response.® In the Northern Ter-
ritory, patients with crusted scabies are noted to have ex-
tremely high serum levels of total IgE and IgG.>® Allergen-
specific IgE plays a key role in the physiopathology of allergic
disorders. This IgE response is usually accompanied by pro-
duction of IgG4.%® However, the regulation of [gG4 responses
and the function of these responses in the pathogenesis of
allergy have not been fully characterized.*” Human Th2 cy-
tokines (interleukins 4 and 13) induce co-expression of IgE
and IgG4 through sequential switching.*” Baseline studies on
cytokine production on mRNA obtained from PBMC col-
lected from 8 crusted scabies patients and 2 uninfested con-
trols indicated a statistically significant elevation of IL-4 in
crusted scabies compared with controls.** The recognition
that expression of IgG4 is IL-4—dependent and is an interme-
diate step in sequential switching from IgM to IgE now makes
it important to understand how the two isotypes are regulated
in crusted scabies and to ascertain the clinical effect of selec-
tively boosting IgG4 over IgE. The ultimate goal would be to
apply allergen specific immunotherapy for immunomodula-
tory control of crusted scabies.
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