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ABSTRACT Serum from seven patients with ordinary scabies and six with crusted scabies were
screened by immunoblotting for IgE- and IgG-speciÞc proteins in an extract of the mite, Sarcoptes
scabiei variety canis. Sera from atopic individuals without sensitivity to house dust mites were used
as controls. Serum from all of the patients with crusted scabies showed strong IgE binding to 11Ð21
and IgG binding to 1Ð7 scabies proteins. In contrast, three of the seven patients with ordinary scabies
showed IgE binding to one to six scabies proteins, and their antibody binding was much weaker.
Patients with crusted scabies had serum antibody that reacted with larger molecular weight proteins
compared with patients with ordinary scabies. The results of this study indicate that patients with
crusted scabies showed a pronounced IgE response to scabies mites, whereas patients with ordinary
scabies did not.
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SCABIES IS AN IMPORTANT disease of humans and many
species of mammals worldwide. The mite Sarcoptes
scabiei burrows in the stratum corneum of the skin
epidermis, causing the disease. During both primary
and secondary infestations, a severe itching and rash
develop. In humans, clinical symptoms of a primary
infestation (sensitization) are slow to develop and
may not be evident for 4Ð8 wk (Mellanby 1944).
During a secondary infestation in humans, symptoms
usually develop in 1Ð3 d. Dogs and pigs infested with
S. scabiei(varieties canis, vulpes,or suis) showa similar
pattern, with the primary infestation symptoms de-
veloping in 2Ð5wk,whereas they are evident in 1Ð2wk
in reinfested dogs and pigs (Davis and Moon 1990,
Bornstein and Zakrisson 1993a, b, Arlian et al. 1996.
Arlian and Morgan 2000). In dogs, pigs, rabbits, and
humans, a primary infestation induces partial or com-
plete immunity to subsequent exposure if the Þrst
infestation is cured by treatment (Mellanby 1944,
Arlian et al. 1994a, 1996).
Associatedwith these clinicalmanifestations during

both primary and secondary infestations are inßam-
matory and immune responses by the host. Scabietic
lesions are characterized by pronounced extravasa-
tion of neutrophils, Langerhans cells, plasma cells,
CD4� and CD8� T-lymphocytes, and weaker inÞl-
trates of macrophages, eosinophils, and mast cells

(Hejazi andMehregan 1975, Sheahan 1975, Ackerman
1977, Falk and Eide 1981, Falk and Matre 1982, Re-
unala et al. 1984, Head et al. 1990; Arlian et al. 1994b,
1997, Stemmer et al. 1996). The reported composition
of the cellular inÞltrate varies between host species
and between studies of the same host species. Most of
the variation in reports from different investigators is
likely because of the fact that biopsies were taken at
different times during the progressive course of the
infestation. It is clear that the cellular inÞltrate devel-
ops before serum antibody to scabies proteins can be
detected during a primary infestation. This has made
development of an antibody-based blood diagnostic
test difÞcult.
A humoral immune response does develop during

both the primary and secondary infestation. The se-
rum antibody titer develops slowly but intensiÞes to a
plateau as the primary infestation progresses (Davis
and Moon 1990, Bornstein and Zakrisson 1993a, b,
Arlian et al. 1996, Arlian and Morgan 2000). Animal
hosts that do not develop a protective response to a
secondary infestation exhibit high antibody titers and
weaker cellular inÞltrates compared with protected
hosts (Arlian et al. 1994a, b, 1996). This suggests that
protective immunity is associatedwith an upregulated
Th1 response (Arlian et al. 1995).
The most common form of the disease in humans is

“ordinary scabies” and is characterized by a low par-
asite burden. This form is often difÞcult to diagnose
because it presents with a variety of dermal manifes-
tations, andvery fewmites, if any, canbe located in the
skin by taking skin scrapes. “Crusted scabies,” also
known as Norwegian scabies in humans, is character-
izedbyhyperkeratosis andahighparasiteburden.The
density of mites may be very high, with reported
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densities of 1,500 mites/cm2 of skin under a crust
(Arlian et al. 1988), 18,000 mites/g of crust (Dobson
1981), or 4,700 mites/g of shed human skin (Currie et
al. 1995). In dogs, pigs, and rabbits, a primary infes-
tation almost always progresses to crusted scabies
(scabs). In humans, this condition (Norwegian sca-
bies) is not often seen, and it is not clear what factors
prevent or lead to its development. When crusted
scabies is observed, it seems to be associated with
older patients that may be immunocompromised or in
younger patients that are immunosuppressed (e.g.,
AIDS patients), although this is not always the case. It
is not clear if the advanced state (crusting) is because
of features of the inßammatory/immune response of
thehost or if a heavymite burdendevelops on thehost
as a result of lack of grooming, poor hygiene, or a
depressed inßammatory/immune response that al-
lows the mites to multiply unchecked and that this
heavy mite burden stimulates the hyperkeratosis.
Many cells undergoing mitosis are observed in the
basal keratinocyte layer of the epidermis under sca-
bietic crusts (Arlian et al. 1994b).
Thepurposeof this studywas to identifydifferences

in the serum antibody proÞles of patients with normal
(ordinary) and crusted (Norwegian) scabies. To help
understand the hostÕs immune response to scabies and
to identify relevant antigens for inclusion in a vaccine,
we compared serum IgE and IgG antibody proÞles to
antigens of scabies mites for patients with ordinary
and crusted scabies.

Materials and Methods

Study Subjects. Serum was collected from scabietic
patients under protocols that were reviewed and ap-
proved by the Institutional Review Board of Wright
State University. In addition, the Human Research
Ethics Committee of the Northern Territory Depart-
mentofHealthandCommunityServices and theMen-
zies School of Health Research also reviewed and
approved theprotocols for collection anduseof serum
from crusted scabies patients. All scabietic subjects
provided informed consent and had an active scabies
infestation that was conÞrmed by the recovery of live
S. scabiei mites by skin scrapes or from crusts.
Control subjects were atopic individuals who were

not allergic to dust mites but that had high circulating
IgE levels to other allergens. These sera, the age and
sex of the subjects, and pertinent radioallergosorbent
test, RAST data were provided to us without personal
identiÞers by the Laboratory Corporation of America.

Mite Extracts. An aqueous extract of the scabies
mite Sarcoptes scabiei var. canis (SS), was prepared
from homogenized mite bodies as previously de-
scribed (Morgan and Arlian 1994). Total protein con-
centration in the extract was determined by the
method of Bradford (1976).

Sodium Dodecylsulfate Polyacrylamide Gel Elec-
trophoresis/Immunoblotting. Sodium dodecylsulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
immunoblotting were performed to screen the pa-
tientsÕ sera against scabies mite proteins and to deter-

mine the molecular weights of IgE- and IgG-binding
proteins as previously described (Morgan et al. 1997).
Electrophoresis was carried out on 12% acrylamide
mini-gels (Bio-Rad, Hercules, CA) under nonreduc-
ing conditions using the method of Laemmli (1970).
Proteins were transferred to Pro-Blott polyvinylidene
dißuoride membrane (Applied Biosystems, Foster
City, CA) in 10 mM 3-(cyclohexylamino)-1-propane-
sulfonic acid and 10% methanol (pH 11) according to
the manufacturerÕs recommendations. Blots were
blocked overnight, washed, and probed with serum
diluted 1/5 for the controls and ordinary scabies pa-
tients and 1/50 for those with crusted scabies. IgE
binding was detected using 0.5�Ci 125I-anti-human-
IgE followed by autoradiography for various exposure
times. After autoradiography, IgG antibody binding to
the blots was detected using peroxidase-labeled goat
anti-human-IgG (Fisher, Pittsburgh, PA) at 1:1,000.
All blots were developed for 5min using the 4-chloro-
1-napthol/3,3�-diaminobenzidine/H2O2 (CND)
chromogenic substrate of Young (1989). Blots and
autoradiogramswereanalyzed, andmolecularweights
calculated using a Kodak EDAS 120 imaging system
(EastmanKodakCo., Rochester,NY)with 1Danalysis
software.

Results

Patients with Ordinary Scabies. Few patients that
presented with conÞrmed ordinary scabies (positive
skin scrape) had circulating IgE and/or IgG directed
at proteins in an extract of SS (Table 1). Three of the
seven patients had serum IgE directed at SS proteins,
and two of the seven had circulating IgG to SS pro-
teins. Only one of these patients had both IgE and IgG
directed at SS antigens. One patient had IgE directed
at six different proteins. A second patient had IgE
directed at two proteins, and a third had IgE for one
protein. Two patients had IgG that recognized one
protein each. IgE binding was directed mostly at pro-
teins of �90 kDa (Table 2; Fig. 1). Eight different

Table 1. Number of IgE- and IgG-binding bands detected on
immunoblots probed with human serum

Subject Age Sex

Number of
Ig-binding bands

IgE IgG

Ord 1 68 M 2 0
Ord 2 70 M 0 0
Ord 3 72 M 0 1
Ord 4 45 F 0 0
Ord 5 29 F 0 0
Ord 6 20 M 6 0
Ord 7 60 M 1 1
Cr 1 63 M 14 2
Cr 2 45 M 21 7
Cr 3 32 F 11 4
Cr 4 35 F 17 7
Cr 6 62 F 14 4
Cr 7 29 M 14 1

Serum from patients with ordinary scabies (Ord) was diluted by
1/5, where that from crusted scabies patients (Cr) was diluted by
1/50.
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proteins bound IgE, but only two different proteins
bound IgG, and both of these also bound IgE.

Patients with Crusted (Norwegian) Scabies. All six
patients with crusted scabies had both circulating IgE
and IgG that recognized many SS proteins (Table 1).
The IgE and IgG binding proteins ranged from 10 to
470 kDa (Table 2; Fig. 1). Individual patients had
serumIgE thatwasdirectedat 11Ð21differentproteins
(Table 1). Eleven different proteins (21Ð246 kDa)
were recognized by IgE in the serum of Þve or more
of these patients. The proteins thatwere allergenic for
the largest number of patients were in the 52- to
246-kDa range.
All six of the crusted scabies patients also had IgG

directed at SS proteins. The number of IgG binding
proteins that an individual patient recognized ranged
from one to seven. Four of the six patients had serum
IgG directed at four or more proteins.
Eleven proteins bound both IgE and IgG. Twelve

proteins bound only IgE and not IgG.
Atopic Subjects Not Sensitive to Dust Mites.Atopic

subjects that were not sensitized to house dust mites
had no serum IgE or IgG directed at scabies (data not
shown).

Discussion

Our investigation found that few patients with or-
dinary scabies had serum IgE and/or IgG directed at
scabies proteins. Except for one patient, the number
of immunogenic proteins that were recognized was
small. In contrast, patients with crusted scabies had
circulating IgE and IgG type antibodies to many SS

proteins compared with the patients with ordinary
scabies. Importantly, these antibodies were detected
in serum that was probed at 1/50 for crusted scabies
patients, whereas serum from subjects with ordinary
scabies was analyzed at 1/5. Therefore, patients with
ordinary scabies exhibit weak circulating antibody re-
sponses to scabies antigens compared with the strong
antibody responsespresentedbypatientswithcrusted
scabies.
SigniÞcantly, the crusted scabies patients had stron-

ger IgE responses comparedwith their IgG responses.
Crusted scabies patients had serum IgE to large num-
bers of SS proteins but IgG to many fewer proteins. It
seems that chronic infestation with scabies induces a
strong IgE (allergic) and a weaker IgG response in
infested patients. This suggests that the major re-
sponse by crusted scabies patients is an allergic reac-
tion. It also raises the following question: do these
mites produce substances that downregulate the IgG
and IgE immune responses, in particular the balance
between the Th1 andTh2 responses? Is the difference
between ordinary scabies and crusted scabies in hu-
mans related in some way to how mites inßuence the
balance between a Th1 response in protected hosts
and the strong Th2 response of unprotected hosts
observed in animals in animal studies? This remains to
be investigated.

Table 2. Immunoblot results showing summary of binding of
IgE and IgG from the serum of patients with ordinary (n � 7) and
crusted (n � 6) scabies to proteins of S. scabiei var. canis

Band
no.

MW
(kDa)

Number of patients with
scabies-speciÞc Ig

Ordinary
scabies

Crusted scabies

IgE IgG IgE IgG

1 470 Ñ Ñ 3 1
2 440 Ñ Ñ 3 Ñ
3 425 Ñ Ñ 3 Ñ
4 400 Ñ Ñ 2 Ñ
5 380 Ñ Ñ 4 1
6 257 Ñ Ñ 2 Ñ
7 246 2 1 6 3
8 220 Ñ Ñ 6 6
9 204 Ñ Ñ 6 Ñ
10 158 Ñ Ñ 6 2
11 123 Ñ Ñ 6 3
12 103 Ñ Ñ 6 3
13 89 1 Ñ 6 3
14 69 1 Ñ 5 1
15 52 1 Ñ 5 Ñ
16 36 1 1 4 Ñ
17 34 1 Ñ 2 Ñ
18 30 1 Ñ 5 Ñ
19 27 Ñ Ñ 3 1
20 23 Ñ Ñ 2 Ñ
21 21 1 Ñ 5 1
22 13 Ñ Ñ 3 Ñ
23 10 Ñ Ñ 2 Ñ

Fig. 1. Representative immunoblots showing serum IgE
and IgG binding to scabies proteins separated by SDS-PAGE
on 12% gels. Serum was from ordinary-scabies subject 1
diluted 1/5 and crusted-scabies subject 4 diluted 1/50. Mo-
lecular weights of selected proteins are shown at right.
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The molecular weights of the immunogenic pro-
teins that scabieticpatients recognized ranged from10
to 470 kDa.We identiÞed 23 different molecules from
10 to 470 kDa that trigger IgE and/or IgG production
by scabietic patients. Interestingly, patients with
crusted scabies had serum antibody that recognized
larger molecular weight proteins compared with the
patients with ordinary scabies. The signiÞcance of this
is not clear.
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