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Abstract. Scabies is a human skin disease due to the burrowing ectoparasite Sarcoptes scabiei var. hominis resulting 
in intense itching and inflammation and manifesting as a skin allergy. Because of insufficient mite material and lack of 
in vitro propagation system for antigen preparation, scabies is a challenging disease to develop serological diagnostics. 
For allergen characterization, full-length S. scabiei tropomyosin (Sar s 10) was cloned, expressed in pET-15b, and 
assessed for reactivity with IgE antibodies from human sera. IgE binding was observed to Sar s 10 with sera collected from 
subjects with ordinary scabies, house dust mite (HDM)-positive and naive subjects and a diagnostic sensitivity of < 30% 
was observed. S. scabiei paramyosin (Sar s 11) was cloned, and expressed in pET-28a in three overlapping fragments 
designated Ssparal, Sspara2, and Sspara3. IgE and IgG binding was observed to Sspara2 and Sspara3 antigens with 
sera collected from ordinary scabies, and HDM-positive subjects, but no binding was observed with sera collected from 
naive subjects. Sspara2 displayed excellent diagnostic potential with 98% sensitivity and 90% specificity observed for 
IgE binding and 70% sensitivity for IgG. In contrast, the diagnostic sensitivity of Sspara3 was 84% for IgE binding and 
40% for IgG binding. In combination, Sspara2 and Sspara3 provided an IgE sensitivity of 94%. This study shows that IgE 
binding to Sspara2 and Sspara3 is a highly sensitive method for diagnosis of scabies infestation in clinical practice. The 
developed enzyme-linked immunosorbent assay helps direct future development of a specific diagnostic tool for scabies.

INTRODUCTION

Sarcoptes scabiei var. hominis (S. scabiei var. hominis) 
causes a common human skin infestation known as 
scabies.1-4 Scabies occurs worldwide among people of all 
ages, races, genders, and social classes and has been iden­
tified as a neglected tropical infectious disease.5,6 It has been 
estimated that about 1-10% of the global population is in­
fected with scabies with an infection rate as high as 50-80% in 
certain populations.7 Scabies ranges from common ordinary 
scabies (OS) with infestation of 10-15 mites per person8 to 
rare crusted scabies (CS) with infestation of up to millions of 
mites per person.9 Clinical manifestations of OS are wide 
ranging, depending on degree and activation of the in­
flammatory response, burrows, and itching. CS is a severe 
form of the disease and often found in patients with human 
immunodeficiency virus infection, human T lymphotropic virus 
1 (HTLV-1) infection, organ transplant patients, the mentally 
impaired, and physically incapacitated. It has also been rec­
ognised in overtly immunocompetent patients.10 These pa­
tients have been recognized as core transmitters of scabies,11 
due to hyperproliferation of mites.

Scabies is a challenging disease to diagnose due to diffi­
culties in isolation of Sarcoptes mite on the human host in OS4 
and physical signs confounding with other skin diseases. 
There is no in vitro propagation system of S. scabiei var. 
hominis for antigen preparation. Routinely used diagnostic 
methods are direct observation of clinical signs including the 
typical history of pruritus, presence of inflammatory papules, 
and visible lesions on the host body. The microscopic identi­
fication of scabies mites or eggs in infected skin scrapings is 
rarely carried out but shows less than 50% sensitivity.12'13
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Clinical diagnosis is often complicated because visible lesions 
on scabies patients are sometimes masked by eczema or 
impetigo or are atypical.4 Alternative diagnostic options 
include polymerase chain reaction (PCR)14 and derma- 
toscopy,15 both of which have been demonstrated as 
informative in patients where mites or mite DNA can be lo­
cated. This practice is uncommon worldwide and not easily 
applied to clinical health settings.

Because of the lack of sensitivity in the present diagnostic 
methods for human scabies, there is a great need for the de­
velopment of a reliable serodiagnostic test such as enzyme- 
linked immunosorbent assay (ELISA) to control scabies at 
both the individual and community level. There is no com­
mercially available ELISA for the diagnosis of scabies in hu­
mans but an ELISA has been developed for detection of 
mange in animals utilizing whole mite antigen (WMA) extracts 
from S. scabiei var. suis.16,17 However, the reported specificity 
and sensitivity of these tests are variable.18,19

Expressed sequence tag (EST) libraries from S. scabiei var. 
hominis and var. vulpus are available, and include homologues 
of multiple house dust mite (HDM) allergens, opening new 
possibilities in scabies research.20-23 As a result, several 
S. scabiei homologues to multiple HDM allergens have been 
sequenced, cloned, and expressed including S. scabiei serine 
proteases, cysteine proteases, glutathione S-transferase, and 
apolipoprotein.21,22,24,25 The S. scabiei var. hominis cysteine 
protease and apolipoprotein have been shown to bind scabies 
specific antibodies in IgE ELISA tests.25 The S. scabiei apoli­
poprotein is considered a potentially valuable serodiagnostic 
agent as it has been proved to be highly specific for scabies 
and does not show cross reactivity with HDM allergens.12,26 
Recombinant S. scabiei cofilin also showed potential value 
as a diagnostic antigen and could be used to develop an 
ELISA-based serological test for the diagnosis of scabies in 
animals.27

Tropomyosin, a muscle protein, is classified as a group 10 
allergen.28 It is reported as a major allergen of shellfish that is
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cross-reactive with Derp 10, the HDM tropomyosin29 and an 
important component of immune and allergic reactions.30 
Tropomyosin has a conserved sequence and is a pan-allergen 
in invertebrates including shrimps, molluscs, mites, and 
cockroaches31'32 with 80% amino acid sequence homology 
between different species, that is, S. scabiei, Dermatopha- 
goides pteronyssinus, Dermatophagoides farinae, Blomia 
tropicalis, and Psoroptes ovis. Several isoforms of the protein 
exist within a species.33 Sarcoptes scabiei recombinant 
tropomyosin was evaluated as vaccinating agent, but showed 
no significant protection against sarcoptic mange in rabbits.34

Paramyosin is a major HDM allergen and designated as 
group 11 allergen.35 It has a molecular weight of approxi­
mately 98 kDa and is conserved among a variety of species.36 
In general, invertebrate paramyosin is cross-reactive in many 
invertebrates.31,37 The sheep scab mite P. ovis paramyosin 
has been identified as homologous to Derp 7738,39 and hel­
minth paramyosin recognized as a target for protective im­
munity.40 The paramyosin protein of S. scabiei is reported as 
a monomeric and dimeric protein that is highly abundant41 
and comparable to paramyosin from other species.42

Because of the potential significance of tropomyosin and 
paramyosin in host allergic immune response and their 
potential usefulness as serodiagnostic markers for human 
scabies, we investigated the IgE specificity of S. scabiei 
tropomyosin (Sars 10) and paramyosin (Sar s 11). The primary 
aim of this study was to determine whether S. scabiei var. 
hominis recombinant tropomyosin (Sar s 10) and paramyosin 
fragments (Ssparal, Sspara2, and Sspara3) could be used in a 
sensitive and specific diagnostic assay for scabies infestation 
in humans by measuring IgE and IgG level in serum from 
subjects with scabies compared with those with allergy to 
HDM and naive individuals.

MATERIALS AND METHODS

Ethical approval and sample collection. Ethical approval 
for collection of mites and blood samples was granted by the 
Dean, Faculty of Sciences of Pir Mehr Ali Shah Arid Agriculture 
University Rawalpindi Pakistan and Executive Director of 
hospital following guidelines of National Bioethics Committee 
of the Pakistan Medical Research Council (Permit or letter No. 
PMAS-AAUR/ZOOL 362 approved on March 22, 2012). The 
serum samples were collected after written informed consent 
was received from three groups of 96 participating individuals: 
OS subjects (“ordinary,” N = 48), subjects with allergy to HDM 
based on clinical history and positive skin prick test to a panel 
of common aeroallergens (“HDM,” N = 24), and subjects naive 
to scabies and allergy with no known exposure to scabies or 
allergy (“naive,” N = 24). The cases of OS were confirmed 
by clinical observation and positive identification of mites 
and mite parts under the microscope. Samples were stored 
at -80°C until assessed. For the isolation of RNA, stored mites 
originally collected from CS patients were used, with ethical 
approval from the Menzies School of Health Research Ethics 
committee (Approval 01/15). The adult mites were collected in 
100 pL of cold Trizol (Invitrogen) and stored at -80°C until RNA 
extraction.

RNA extraction and amplification of cDNA encoding Sar
s 10 and Sar s 11 fragments. Mites were homonogenized in 
Trizol using a Minilys homogeniser (Bertin Technologies, 
Bretonneux, France). After phase separation, the aqueous

phase was column purified by Purelink RNA mini Kit (Life 
Technologies, Mulgrave, Victoria, Australia) following manu­
facturers protocol. The concentration was checked on the 
NanoDrop 2000 Spectrophotometer (Nanodrop Technologies, 
Scoresby, Victoria, Australia). One microgram of total RNA was 
transcribed to cDNA using the QuantiTect Reverse Transcription 
Kit (Qiagen, Chadstone, Victoria, Australia) as per manufacturer 
protocol. For the amplification of Sar s 10 cDNA, primers were 
designed based on Der p 10 sequence using the Primer3 soft­
ware (http://frodo.wi.mit.edu/) (Table 1). Cycling conditions for 
Sars 10 primer were initial denaturation 95°C 2 minutes, followed 
by 35 cycles of 95°C, 30 seconds; 50°C, 30 seconds; 72°C, 2 
minutes; with final extension at 72°C, 8 minutes.

For the amplification of Sar s 11 cDNA, three sets of primers 
were designed to amplify these three overlapping paramyosin 
fragments (Sspara l, Sspara2, and Sspara3) based on 
S. scabiei var. vuipus sequence43 (Table 1). The nucleotide 
positions of these overlapping Sar s 11 fragments were 
Ssparal = 1-1,612 bp, Sspara2 = 1,300-2,100 bp, and 
Sspara3 = 1,750-2,652 bp. Cycling conditions for Ssparal, 
Sspara2, and Sspara3 were initial denaturation 95°C, 2 
minutes, followed by 45 cycles of 95°C, 30 seconds; 58°C, 
30 seconds; 72°C, 2.5 minutes; with final extension at 72°C, 
8 minutes.

PCR products were ligated into pGEM-T-easy cloning 
vectors (Promega, Alexandria, New South Wales, Australia), 
transformed into a-select competent cells (Bioline, Alexan­
dria, New South Wales, Australia), and sequenced (Big Dye 
3.1, Applied Biosystems, Alexandria, New South Wales, 
Australia). Sar s 11 fragment sequences assembled into 
contigs. The identified nucleotide sequence was translated 
and analyzed by BLASTx (https://blast.ncbi.nlm.nih.gov/ 
Blast.cgi) for homology in GenBank protein database of Sar 
s 10 and Sar s 11. The resulting top hit amino acid sequences 
of Sar s 10 and Sar s 11 were aligned using ClustalW (http:// 
www.genome.jp/tools-bin/clustalw) and aligned sequences 
were further used for phylogenetic tree construction us­
ing the software Molecular Evolutionary Genetics Analysis 
(MEGA 6).44

Expression and purification of recombinant Sar s 10 and 
Ssparal, Sspara2, and Sspara3. The cDNAs enoding Sar s 
10 and Ssparal, Sspara2, and Sspara3 were subcloned into 
pET-15b and pET-28a expression vectors, respectively, in 
frame with the 6-His tag and then expressed in the Escherichia 
coli strain BL21 (DE3) (Bioline). Recombinant protein expres­
sion was induced by addition of 0.4 mM isopropyl-p-D- 
thiogalacto-pyranoside to the culture at 37°C for 4 hours. For 
purification of the recombinant Sar s 10 and Sar s 11 protein 
fragments, the pellet was resuspended in native lysis buffer 
(50 mM NaH2P04, 300 mM NaCI, pH 8.0), treated with lyso­
zyme (1 mg/mL) and one complete ethylenediaminetetra- 
acetic acid-free protease inhibitor cocktail tablet (Roche, 
Castlehill, New South Wales, Australia), incubated for 30 min 
following sonication. The lysate was centrifuged for 30 minutes 
(10,000 x g at 4°C) and the supernatant collected for purifi­
cation. The recombinant proteins were purified using Nickel- 
nitroloacetic acid (Ni-NTA) agarose column as per the 
manufacturer’s standard protocol (QIAGEN) under native con­
ditions. The purified proteins (Sar s 10, Ssparal, Sspara2, and 
Sspara3) were quantified using the Qubit"" Protein Assay 
Kits provided with the Qubit® 2.0 Fluorometer following the 
manufactures’ protocol (Life Technologies). Proteins were

http://frodo.wi.mit.edu/
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analyzed by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE).

SDS-PAGE and immunoblotting. Recombinant proteins 
(2 rig/lane) were separated by 12% SDS-PAGE and stained 
with Coomassie Brilliant Blue R-250, or by immunoblotting. 
For immunoblotting, purified proteins (2 (.ig), Sar s 14.325 
(2 ng) as a positive control, and bovine serum albumin (0.5 pg) 
as a negative control were run on SDS-PAGE and proteins 
transferred to nitrocellulose membranes using the Biorad 
Trans-Blot Turbo Transfer System (Biorad, Gladesville, New 
South Wales, Australia). Membranes were blocked with 5% 
skim-milk powder (SMP) in phosphate-buffered saline with 
0.5% Tween 20, overnight at 4°C. Membranes were in­
cubated with 1:50 dilutions of pooled sera from 1) three OS 
subjects; 2) three FI DM subjects; and 3) three scabies naive 
subjects, followed by anti-human IgE alkaline phosphatase 
(AP)-conjugated H&L (Abeam ab7426, Sapphire Bioscience, 
Melbourne, Victoria, Australia). Between each step, mem­
branes were washed three times with 0.05% PBS-T. Mem­
branes were developed and visualized with AP substrate 
(BCIP/NBT) (Sigma-Aldrich, Castle Hill, New South Wales, 
Australia).

Enzyme-linked immunosorbent assay. A three-stage 
ELISA was performed for both tropomyosin and for frag­
ments of paramyosin (individually and then cocktail of 
Sspara2 and Sspara3 fragments). Briefly, 2 pg/well Sar s 10 
and Sspara2 and Sspara3 fragments was bound to High 
Protein 96 well plates (Corning) (Sigma-Aldrich) in carbonate 
coating buffer (15 mM/L Na2C03, 35 mM/L NaHC03, 3 mM/L 
NaN3, pH 9.6) overnight at 4°C. Plates were blocked with 1 % 
SMP-PBS-T (0.01 %) at 37°C for 2 hours, then serum applied 
at a 1:10 (IgE assay) or 1:200 (IgG assay) diluted in 1 %SMP- 
PBS-T (0.01 %) at 37°C for 2 hours. Between each step, plates 
were washed three times with 0.05% PBS-T. Secondary 
antibody, either 1/1,000 anti-human IgE (Abeam ab91559, 
Sapphire Bioscience) (IgE assay) or AP-conjugated anti­
human IgG dilution (Sigma-Aldrich, A9544) diluted 1/2,500 in 
1% SMP-PBS-T at 37°C for 2 hours. After washing, AP- 
conjugated polyclonal rabbit anti-goat IgG PI&L (Abeam 
ab6742, Sapphire Bioscience) (1/1,000 dilution) (IgE assay) 
was incubated at 37°C for 2 hours. Color was developed using 
phosphatase substrate (Sigma-Aldrich) dissolved in glycine 
buffer (0.1 M/L glycine, 1 mM/LMgCI2, 1 mM/LZnCI2, pH 10.4) 
and developed for 30 minutes at 37°C and absorbance was 
measured at 405 nm with the Perkin-Elmer Enspire 2300 
Multimode Reader and Enspire software 4.13 (Perkin-Elmer, 
Waltham, MA).

Statistical analysis. Prism v. 5.01 (GraphPad Software, 
Inc., San Diego, CA) software was used to carry out statistical 
analysis. Differences between groups were assessed by 
nonparametric Kruskal-Wallis analysis of variance. To check 
the distribution of two unmatched groups, nonparametric 
Mann-Whitney U tests were used. Comparisons were con­
sidered to be significant at P values of < 0 0.05. The ELISA 
cutoff was calculated by taking the average of the negative 
control group (naive) + 2 standard deviations. To calculate 
sensitivity percentages following formula was used: true 
positives/(true positives + false negatives)] x 100% whereas 
specificity percentages were calculated by: (true negatives/ 
[true negatives + false positives]) x 100%.26 The receiver op­
erator characteristic (ROC) curves and the area under the curve 
were calculated using Prism for subjects with a current scabies
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infestation (OS) against subjects with HDM allergy, or no in­
festation (naive).

RESULTS

Amplification of cDNA-encoding Sar s 10 and Sar s 11.
The PCR product obtained by amplification with Sar s 10 
primers (F/R) contained an open reading frame (ORF) of 855 bp 
and encoded a predicted protein of 284 amino acids. The Sar s
10 sequence was deposited in the European Nucleotide Ar­
chive database under accession number LT669813. The top 
hits when the nucleotide sequence for Sar s 10 was searched 
against GenBank protein database using Blastx, which 
showed 99% identity with S. scabiei var. suis, D. farinae and 
97% with D. pteronyssinus and P. ovis to Sar s 10, re­
spectively. The next two species with closest homologues 
were Chortoglyphus arcuatus and Lepidoglyphus destructor 
with 95% identity. With Sar s 10 Glycyphagus domesticus and 
B. tropicalis, tropomyosin showed 91 % and 94% identifica­
tion (Figure 1).

The sequence of the three partial overlapping fragments of 
paramyosin Sar s 11 (Ssparal, Sspara2, and Sspara3) was 
assembled into contigs using DNA Dragon-DNA Sequence 
Contig Assembler Software (http://www.dna-dragon.com/ 
download.php). The complete Sar s 11 ORF was 2,652 bp in 
length and encoded 884 amino acids and is available in 
the European Nucleotide Archive under accession number 
LT669814. The sequences showed highest homology to Sar s
11 were from S. scabiei var. suis, var. can is, var. cuniculi with 
amino acid identity of 99%. Chorioptes panda and P. ovis had 
amino acid identity of 83% and amino acid identity of 82% was 
showed by Chorioptes texanus, D. farinae, and D. pteronyssinus, 
whereas the amino acid identities of Sar s 11 was lower at 79% 
for B. tropicalis (Figure 2).

Expression and purification of recombinant Sar s 10 and 
Sar s 11 fragments. The full coding sequence of the S. scabiei 
Sar s 10 and Sar s 11 fragments was cloned into the vectors 
pET-15b and pET-28a, respectively. The analysis of expressed
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and purified recombinant Sar s 10 protein using SDS-PAGE 
showed a single band of approximately 31 kDa. Immunoblot- 
ting showed that recombinant Sar s 10 was recognized by sera 
from subjects with OS. IgE binding was also observed with 
FI DM and naive sera (Figure 3A).

Analysis of the expressed and purified overlapping 
recombinant fragments Ssparal, Sspara2, and Sspara3 on 
SDS-PAGE showed 55-, 29-, and 33-kDa bands. Immuno- 
blotting analysis demonstrated no IgE binding to Ssparal by 
sera from subjects in the OS, FIDM, and naive groups. 
Recombinant Sspara2 and Sspara3 fragments were recog­
nized by sera from the OS group, with strong IgE binding to 
both Sspara2 and Sspara3 fragments. The IgE binding was 
not observed with HDM and naive sera (Figure 3B).

Specific IgE binding to S. scabiei var. hominis 
recombinant Sar s10andSars11 fragments. IgE binding 
to Sars 10. For Sar s 10, no significant mean difference (P = 
0.249) between specific IgE binding in the sera from the OS, 
HDM and the naive groups were observed (Figure 4).

IgE binding of human sera to Sspara2 and Sspara3. For 
Sspara2 and Sspara3, a clear distinction between specific IgE 
binding in the sera from OS, HDM, and naive subjects was 
observed. The Mann-Whitney test was used to analyze dif­
ferences between group means. The IgE binding to Sspara2 
for the OS individuals was significantly higher (P < 0.0001) than 
the HDM and naive individuals. The HDM group mean was 
significantly different to the mean response for subjects naive 
to scabies (P = 0.0081) (Figure 5, left panel).

The mean IgE binding to Sspara3 for the OS group com­
pared to other groups was also significantly greater (P < 
0.0001). The HDM subjects mean IgE response to Sspara3 
was significantly different than the mean response forsubjects 
naive to scabies (P = 0.0379) (Figure 5, right panel).

IgG binding of human sera to Sspara2 and Sspara3. The 
ordinary HDM allergy and naive subjects sera were also 
checked by indirect ELISA for binding of IgG to Sspara2 and 
Sspara3.

http://www.dna-dragon.com/
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Figure 3. SDS-PAGE and IgE Immunoblot of recombinant Sar s 10 and Sar s 11 fragments. (A) For Sar s 10 immunoblot: Lanes: M, protein 
molecular weight markers; 1, purified recombinant Sar 3 10; 2, anti-His immunoblot for detection of Sar s 10. IgE immunoblot probed with sera from 
ordinary scabies subjects (3), house dust mite (FIDM) subjects (4), and naive subjects (5). (B) For Ssparal, Sspara2, and Sspara3 fragments 
immunoblot: M, protein molecular weight markers; 1, purif ed recombinant Ssparal, Sspara2, and Sspara3; 2, anti-Ftis immunoblot for detection of 
Sar s 11 fragments. IgE immunoblot probed with sera Torn ordinary scabies subjects (3), HDM subjects (4), and naive subjects (5). This figure 
appears in color at www.ajtmh.org.

There was a significant difference in mean IgG binding to 
Sspara2 between the OS group and for the subjects naive to 
scabies group (P < 0.0001). Interestingly, however, mere is no 
significant difference in mean IgG binding between OS and 
FIDM allergy subjects (P = 0.3907) (Figure 6, left panel).

The IgG binding to Sspara3 was significantly diffe'ent be­
tween the OS group and "or the subjects raive to scabies 
group (P = 0.0130), as determined by Mann-Whitney U test. 
There was no significant difference between OS ar.d FIDM 
subjects (P = 0.7969) (Figure 6, right panel).

IgE and IgG binding of human sera to the antigen cocktail. 
IgE binding to the antiger cocktail (mixture of 3spara2 and 
Sspara3) of individual OS sera (N = 48) was high. The mean 
value of the OS group was significantly higher ccmpa'ed with 
FIDM and naive groups (P < 0.0001). The FIDM allergy subjects 
mean IgE response to the cocktail antigen was significantly 
different than the mean observed for subjects ir  the naive to 
scabies group (P = 0.018) (Figure 7, left pane).

The mean IgG binding to the antigen cocktail for the OS 
group was significantly greater compared -with FIDM (P = 
0.0007) and naive groups (P < 0.0001). There was also sig­
nificant difference in IgG binding between FIDM and naive 
subjects (P = 0.0024) (Figure 7, right panel).

Comparison of diagnostic sensitivity and specificity of 
recombinant Sar s 10 and Sar s 11 fragments The di­
agnostic sensitivity of the Sar s 10 for detection of active 
scabies infestation was very' low. The assay had 30% and 
67% sensitivity and specif city, respectively, with a oositive 
likelihood ratio of 0.95 and a negative likelihood 'atio of 1.11. 
For Sspara2, 98% sensitiv ty and 90% specificity were ob­
served with a positive likelhood ratio of 5.48 and a regative

likelihood ratio of 0.03. The area under curve was 0.9706. In 
regard to IgG binding, Sspara2 has 70% sensitivity and 96% 
specificity and area under curve was 0.82. The diagnostic 
sensitivity of IgG was low compared with IgE with this anti­
genic fragment. For Sspara3, 84% sensitivity and 100% 
specificity were observed, with a positive likelihood ratio of 
4.00 and a negative likelihood ratio of 0 and area under curve 
was 0.9600. With regard to IgG binding, Sspara3 has 40% 
sensitivity and 87.5% specificity and area under curve was
O. 70. The diagnostic competence of the antigen cocktail was 
calculated at 94% sensitivity and 100% specificity for IgE 
binding and 62% sensitivity and 92% specificity for IgG 
binding. In comparing both antigens, that is, Sspara2 and 
Sspara3, Sspara2 gave excellent diagnostic specificity and 
sensitivity (Table 2).

DISCUSSION

Scabies and Sar s 10. The tropomyosin (Sar s 10) and 
paramyosin (Sar s 11) encoding genes of S. scabiei var. 
hominis were characterized and inferred as immuno-reactive 
allergens in scabies. Sar s 10 from S. scabiei var. hominis has 
an open reading frame of 855 bp and 285 amino acids, coding 
for an allergenic 31 kDa protein. Tropomyosin is considered a 
pan-allergen in invertebrates31 and reported as a cross re­
active allergen among invertebrates42 because of the high 
degree of amino acid sequence identity.34 Sar s 10 amino acid 
sequence revealed a 99% sequence homology with S. scabiei 
var. su/s.33 This protein also revealed 97% homology to 
the group 10 allergens of D. pteronyssinus, D. farinae, and
P. ows.45 The S. scabiei tropomyosin also displayed 90-96%

http://www.ajtmh.org


856 NAZ AND OTHERS

F igure IgE binding to Sar s 10 in subjects with ordinary scabies 
(OS), house dust mite allergy (HDM), and naive to scabies (Naive). The 
cutoff val je  of the average of the naive +2 standard deviations was 
calculated to be 0.223. This figure appears in color at www.ajtmh.org.

homology with storage mites, that is, L. destructor, 
G. domesticus, B. tropicatis, C. arcuatus. This result was not 
unexpected and in support of previous data reporting the 
group 10 HDM allergen as highly conserved31 and cross- 
reactive with tropomyosin of species such as shellfish and 
other arthropods.46

Among insects, S. scabiei tropomyosin had 80% amino 
acid identity with Periplaneta americana, Blattella germanica. It 
has been demonstrated that tropomyosin protein from cock­
roaches shares 80% homology with other arthropod tropo­
myosin 47,48 Tropomyosin was also found to be a major 
allergenic component accounting for the cross-reactivity be­
tween cockroaches and dust mites.47 In several studies 
tropomyosin is reported as major shellfish allergen and com­
monly used as a biomarker for detection of shellfish aller­
gens.49 The tropomyosin protein from cockroaches also 
shares homology of 58%, 64%, 74% with other invertebrates, 
that is, Ascaris lumbricoides, Sinonovacula constricta, Haliotis 
diversicolor, respectively.50 Because of the high sequence 
identity of Sar s 10 with other mite and invertebrate tropo­
myosins, it is unlikely to be a specific allergen for Sarcoptic 
mites and may have high cross-reactivity with tropomyosin of 
other mites.32

Immunoanalysis of Sar s 10. Western blot analysis 
showed IgE binding by pooled OS patient sera and addition­
ally with pooled HDM positive and naive sera. Previous studies 
reported that naive and HDM patient sera exhibited strong 
binding to variety of S. scabiei antigens 46 Western blot and 
dissociation-enhanced lanthanide fluorescence immunoas­
say (DELFIA) has also demonstrated that individuals with 
scabies and HDM allergy showed strong IgE binding to both 
scabies mites and HDM antigens.51,52

The sera from OS subjects, HDM-positive subjects, and 
naive subjects showed no clear difference in specific IgE

IgE binding to Sspara2 IgE binding to Sspara3

Disease Status

Figure 5. IgE binding to Sspara2 and Sspara3 in subjects with ordinary scabies (OS), house dust mite allergy (HDM), and naive to scabies (Naive). 
Left pane: The cutoff valueof the average of the naive +2 standard deviation was calculated to be 0.24. Right panel: The cutoff value of the average of 
the naive +2 standard deviations was calculated to be 0.22. This figure appears in color at www.ajtmh.org.
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Figure 6. IgG binding to Sspara2 and Sspara3 in subjects with ordinary scabies (OS), house dust mite allergy (HDM), and naive to scabies (Naive). 

Left panel: The cutoff value of the average of the naive +2 standard deviation was calculated to be 0.2. Right panel: The cutoff value of the average of 
the naive +2 standard deviations was calculated to be 0.34. This figure appears in color at www.ajtmh.org.

binding to Sar s 10. Strong IgE antibody binding to tropomy­
osin from A  lumbricoides and P. americana has been reported 
in sera from patients with cockroach allergy.50 From this 
study, high homology of tropomyosin within invertebrates has 
been established and studies have shown that tropomyosin 
from phylogeneticaily related organisms have IgE reactivity 
from allergenic individuals.33,47 Thus, the observed homology 
in the multiple sequence alignment and subsequent binding of 
IgE antibodies in all groups to Sar s 10 are consistent with 
other studies.

Scabies and Sar s 11. The cDNA for S. scabiei var. horn inis 
Sars 11 is 2,652-bp long encoding for884-kDa protein.43 The 
three oligonucleotide fragments of Sar s 11 from S. scabiei 
var. hominis have open reading frames of 1,612-, 800-, and 
900-bp nucleotides. These three overlapping fragments 
have a deduced amino acid sequence of 537, 267, and 300 
amino acids encoding for 55-, 29-, and 33-kDa allergenic 
protein fragments designated as Ssparal, Sspara2, and 
Sspara3 respectively. Paramyosin is found only in inverte­
brates35 and the molecule is evolutionary somewhat con­
served among a variety of species.53 Paramyosin has been 
identified as a major immunogen in parasites and has shown 
potential as a vaccine candidate for parasitic diseases such 
as filariasis and schistosomiasis.54 It is a major allergen 
associated with HDM allergy.34 The BLAST analysis of Sars 
11 amino acid sequences revealed an 99% sequence ho­
mology with S. scabiei var. canis,43 S. scabiei var. hominis,55 
S. scabiei var. cuniculi.56 A sequence homology of 100% 
was shown to a partial paramyosin amino acid sequence of 
S. scabiei var. hominis.20

Immunoanalysis of Sar s 11. Immunoanalysis of Ssparal, 
Sspara2, and Sspara3 fragments of S. scabiei var. hominis 
was performed via Western blot and a three-stage ELISA. 
Western blot analysis showed strong IgE binding by pooled 
OS sera to Sspara2 and Sspara3 as compared with Ssparal 
that showed no IgE binding. This suggests the 5'-end of the 
protein is non-immunogenic compared with middle fragment 
and 3'-end and that paramyosin is indeed recognized by sera 
from individuals that have generated an immune response to 
scabies mites. It has previously been reported that C- and 
N-terminal of paramyosin are much less conserved when 
compared with paramyosin from other species.41

Paramyosin appears to be an important immunogen in 
scabies. ELISA detection indicated that the IgE binding of sera 
from the OS group was significantly higher to both Sspara2 
and Sspara3 as compared with HDM and naive sera. There is 
also a clear distinction between specific IgE binding in the 
OS sera compared with naive sera when the antigen 
cocktail ELISA was performed. This is a similar result to 
that observed for other scabies antigens, namely, Sar s 3 
(serine protease),57 Sar s 8 (glutathione S-transferases 
[GST]),24 and Sar s 14 (apolipoprotein).12

Both Sspara2 and Sspara3 also bound IgG from OS sub­
jects and additionally from subjects with HDM allergy. Both 
fragments do not seem to be strongly recognized by sera 
from individuals in the naive to scabies group as reported in 
previous studies.24 Sarcoptes scabiei has been demon­
strated to be antigenicaily cross-reactive with HDMs, that 
is, D. pteronyssinus and D. fer/nae.45,58,59 The IgG and 
collagen binding activities in paramyosins of worms and
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Disease Status

F ig ure  7. Comparison of antigen cocktail-specific IgE and IgG binding to in subjects with ordinary scabies (OS), house dust mite allergy (HDM), 
and naive to scabies (Naive). Left panel: The cutoff value of the average of the naive +2 standard deviation was calculated to be 0.2. Right panel: The 
cutoff value of the average of the naive +2 standard deviations was calculated to be 0.15. This figure appears in color at www.ajtmh.org.

molluscs are ultimate targets of immunological attacks.60 
Recombinant paramyosin Boophiius microplus (Bm PRM) is 
reported to be functionally related to host immune system 
evasion and considered as a new concealed antigen.61 Im­
munization with the selected S. scabiei recom binant proteins 
as a vaccine candidates induced high levels of humoral 
responses (IgGs and IgE) but had no protective efficacy 
against S. scabiei infestation.62

The sensitivity and specificity are important in the perfor­
mance of diagnostic tests.63 A previous study using DELFIA 
reported that rSar s 14 has excellent diagnostic capability, 
with 100% sensitivity and 93.75% specificity and proved to be 
a highly sensitive method for diagnosis of scabies infestation 
in clinical practice.12 ELISA-based diagnosis using Sar s 11 
fragments is also highly sensitive and specific for diagnosis 
of patients with OS. The Sspara2/Sspara3 cocktail ELISA 
showed IgE sensitivity at 94%. The Sspara2 ELISA with area 
under the ROC curve of 0.9706 provides a highly discrimina­
tory assay for OS infestation. Several human studies also re­
ported increase in total and antigen-specific IgE in scabies,10,25,64

and the development of ELISA for human scabies has fo ­
cused on detection of IgE, rather than the more commonly 
used IgG, which was considered a less specific marker of 
infection.12,25

In conclusion, our results demonstrate that the applicability 
of tropomyosin (Sar s 10) to immunodiagnosis of scabies in­
festation is limited likely due to the high sequence similarity 
between Sar s 10 and the tropomysoin of other invertebrate 
species, in agreement with previous studies.30,42 Results 
suggest that S. scabiei paramyosin is predominantly recog­
nized by OS-infested individuals and not HDM allergic sub­
jects, and subjects with OS have a specific IgE response to 
Sar s 11. The IgE binding observed in subjects with OS was 
also significantly higher than that of controls and no cross­
reactivity with the dust mite homolog was observed.12 Any 
serological test for scabies is going to be limited in its utility to 
diagnose scabies early. When compared, WMA extract and 
Sar s 14.3 showed high sensitivity and specificity for diagnosis 
of sarcoptic mange from weeks 8-16 postinfection 26 Despite 
this, serology has a significant advantage over clinical

Table 2
Comparison of sensitivity and specificity of ELISA for Sspara2, Sspara3, and cocktail antigens

Sspara2 Sspara3 Cocktail antigens

igE IgG igE IgG IgE IgG

Cutoff 0.24 0.2 0.22 0.34 0.2 0.15
Sensitivity 98% 70% 84% 40% 94% 62%
Specificity 90% 96% 100% 87.5% 100% 92%
AUC 0.97 0.82 0.96 0.70 0.96 0.91

AUC = area under curve; ELISA = enzyme-linked immunosorbent assay.
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diagnosis and/or skin scrapings that have poor specificity and 
sensitivity, respectively.12,13 Overall, it appears that para- 
myosin is an important immunogen in scabies and a potent 
allergenic protein in mite infestations.35 A recombinant S. scabiei 
paramyosin (Sar s 11) could, therefore, potentially be used 
as an infection marker in immunodiagnosis of OS and in bet­
ter control of the infestation in communities where scabies 
is endemic.

Received December 12,2016. Accepted for publication May 5, 2017. 

Published online July 10, 2017.

Acknowledgments: We thank S. M. Saqlan Naqvi of Department of 
Biochemistry, PMAS Agriculture University Rawalpindi for earlier 
suggestions in the work.

Financial support: This work was supported by International Research 
Support Initiative Program (IRSIP) from Higher Education Commission 
(HEC) of Pakistan to Shumaila Naz.

Authors’ addresses: Shumaila Naz and Farhana Riaz Chaudhry, De­
partment of Zoology, Faculty of Sciences, Pir Mehr Aii Shah Arid 
Agriculture University Rawalpindi, Rawalpindi, Pakistan, E-mails: naz. 
pmasaaur@gmail.com and farhana_ahmer@gmail.com. Marion 
Desclozeaux, Kate E. Mounsey, and Shelley Walton, Inflammation 
and Healing Research Cluster, School of Health and Sport Sciences, 
University of the Sunshine Coast, Maroochydore, Queensland, 
Australia, E-mails: mdesclo@gmail.com, kmounsey@usc.edu.au, 
and swalton1@usc.edu.au.

REFERENCES

1. Mellanby K, 1944. The development of symptoms, parasitic in­
fections and immunity in human scabies. Parasitol35:197-206.

2. Orkin M, Maibach H, 1985. Cutaneous Infestation and Insect
Bites. New York, NY: Marcel Deeker.

3. Pence DB, Ueckermann E, 2002. Sarcoptic mange in wildlife. Rev
Sci Tech 21 :385-398.

4. Walton SF, Currie BJ, 2007. Problems in diagnosing scabies, a
global disease in human and animal populations. Americ Soci 
for Microbiol 20: 268-279.

5. Hengge UR, Currie BJ, Jager G, Lupi O, Schwartz RA, 2006.
Scabies: a ubiquitous neglected skin disease. Lancet Infect Dis 
6: 769-779.

6. Payne L, Fitchett JR, 2010. Bringing neglected tropical diseases
into the spotlight. Trends Parasitot 26: 421-423.

7. Andrews RM, McCarthy J, Carapetis JR, Currie BJ, 2009. Skin
disorders, including pyoderma, scabies, and tinea infections. 
Pediatr Clin North Am 56: 1421 -1440.

8. Walton SF, Currie BJ, Kemp DJ, 1997. A DNA fingerprinting sys­
tem for the ectoparasite Sarcoptes scabiei. Mol Biochem Par- 
asitol 85 :187-196.

8. Currie B, Huffam S, O’Brien D, Walton S, 1997. Ivermectin for 
scabies. Lancet 350:1551.

10. Roberts LJ, Huffam SE, Walton SF, 2005. Crusted scabies: clin­
ical and immunological findings in seventy-eight patients and a 
review of the literature. J Infect 50: 375-381.

11. Granholm JM, Olazewski J,2005. Scabies Prevention and Control
Manual. Fenton, Ml: Michigan Department of Community 
Health.

12. Jayaraj RB, Viberg HL, Pizzuto S, Holt D, Holland JM, O’hehir JRE,
Currie BJ, Walton SF, 2011. A diagnostic test for scabies: IgE 
specificity for recombinant allergen of Sarcoptes scabiei. Diagn 
Microbiol Infect Dis 71:403-407.

13. Walter B, Heukelbach J, FenglerG, Worth C, Hengge U, Feldmeier
H, 2011. Comparison of dermoscopy, skin scraping and the 
adhesive tape test for the diagnosis of scabies in a resource 
poor setting. Arch Dermatol 147:468-473.

14. Fukuyama S, Nishimura T, Yotsumoto H, Gushi A, Tsuji M,
Kanekura T, Matsuyama T, 2010. Diagnostic usefulness of a 
nested polymerase chain reaction assay for detecting Sar­
coptes scabiei DNA in skin scrapings from clinically suspected 
scabies. Br J Dermatol 163: 875-899.

15. Guldbakke KK, Khachemoune A, 2006. Crusted scabies: a clinical
review. J Drugs Dermatol 5 :221-227.

16. Bornstein S, Thebo P, Zakrisson G, 1996. Evaluation of an
enzyme-linked immunosorbant assay (ELISA) for the serologi­
cal diagnosis of canine sarcoptic mange. Vet Derm 7 :21-28.

17. Bornstein S, Wallgren P, 1997. Serodiagnosis of sarcoptic mange
in pigs. VetRec 141: 8-12.

18. Lowenstein M, Kahlbacher H, Peschke R, 2004. On the sub­
stantial variation in serological responses in pigs to Sarcoptes 
scabiei var. suis using different commercially available indirect 
enzyme-linked immunosorbent assays. Parasitol Res 94: 
24-30.

19. Casais R, Miguel P, Ana B, PalomaS, Francisco P, Jose MA, 2007.
Identification and heterologous expression of a Sarcoptes 
scabiei cDNA encoding a structural antigen with immunodiag- 
nostic potential. Vet Res 38 :435-450.

20. Fischer K, Holt DC, Harumal P, Currie BJ, Walton SF, Kemp DJ,
2003. Generation and characterization of cDNA clones from 
Sarcoptes scabiei var. hominis for an expressed sequence tag 
library: identification of homologues of house dust mite aller­
gens. Am J Trop Med Hyg 68: 61-64.

21. Harumal P, Morgan M, Walton SF, Holt DC, Rode J, Arlian LG,
Currie BJ, Kemp DJ, 2003. Identification of a homologe of a 
house dust mite allergen in a cDNA library from Sarcoptes 
scabiei var. hominis and evaluation of its vaccine potential in a 
rabbit/S. scabiei var. canis model. Am J Trop Med Hyg 68: 
54-60.

22. Holt DC, Fischer K, Allen GE, Wilson D, Wilson P, Slade R, Currie
BJ, Walton SF, Kemp DJ, 2003. Mechanisms for a novel im­
mune evasion strategy in the scabies mite Sarcoptes scabiei: a 
multigene family of inactivated serine proteases. J Invest Der­
matol 727:1419-1424.

23. Ljunggren EL, Nilsson D, Mattsson JG, 2003. Expressed se­
quence tag analysis of Sarcoptes scabiei. Parasitol 127: 
139-145.

24. Dougall A, Holt DC, Fischer K, Currie BJ, Kemp DJ, Walton SF,
2005. Identification and characterization of Sarcoptes scabiei and 
Dermatophagoide spteronyssinus glutathione S-transferases: 
implication as a potential major allergen in crusted scabies. Am J 
Trop Med Hyg 73: 977-984.

25. Walton SF, Pizzutto S, Slender A, Viberg L, Holt D, Hales BJ,
Kemp DJ, Currie BJ, Rolland JM, O’Hehir R, 2010. increased 
allergic immune response to Sarcoptes scabiei antigens in 
crusted versus ordinary scabies. Clin Vaccine Immunol 17: 
1428-1438.

26. Rampton M, Walton SF, Holt DC, Pasay C, Kelly A, Currie BJ,
McCarthy JS, Mounsey KE, 2013. Antibody responses to Sar­
coptes scabiei apolipoprotein in a porcine model: relevance to 
immunodiagnosis of recent infection. PLoS One 8: e65354.

27. Zheng Y, He R, He M, Gu X, Wang T, Lai W, Peng X, Yang G, 2016.
Characterization of Sarcoptes scabiei cofilin gene and as­
sessment of recombinant cofilin protein as an antigen in indirect 
ELISA for diagnosis. BMC Infect Dis 16: 21.

28. Fernandes J, Reshef A, Patton L, Ayuso R, Reese G, 2003. Im­
munoglobulin E antibody reactivity to the majorshrimp allergen, 
tropomyosin, in unexposed Orthodox Jews. Clin Exp Allergy 
33: 956-961.

29. Yi FC, Cheong N, Shek PC, Wang DY, Chua KY, Lee BW, 2002.
Identification of shared and unique immunoglobulin E epitopes 
of the highly conserved tropomyosins in Blomia tropicalis 
and Dermatophagoides pteronyssinus. Clin Exp Allergy 32: 
1203-1210.

30. Reese G, Ayuso R, Lehrer SB, 1999. Tropomyosin: an invertebrate
pan-allergen? Int Arch Allergy Immunol 119:247-258.

31. Lehrer SB, Ayuso R, Reese G, 2003. Seafood allergy and aller­
gens: a review. Mar Biotechnol (NY) 5 :339-348.

32. Reese G, Schicktanz S, Lauer I, Randow S, Luttkopf D, Vogel L,
2006. Structural, immunological and functional properties of 
natural recombinant Pen a 1,the major allergen of brown 
shrimp, Penaeus aztecus. Clin Exp Allergy 36: 517-524.

33. Zhang R, et al., 2012. Characterization and evaluation of a Sar­
coptes scabiei allergen as a candidate vaccine. Parasit Vectors 
5: 176-184.

34. Thomas WR, Smith W, 1998. House-dust-mite allergens. Allergy
53: 821-832.

mailto:pmasaaur@gmail.com
mailto:farhana_ahmer@gmail.com
mailto:mdesclo@gmail.com
mailto:kmounsey@usc.edu.au
mailto:swalton1@usc.edu.au


860 NAZ AND OTHERS

35. Tsai LC, Chao PL, Hung MW, Sun YC, Kuo 1C, Chua KY, Liaw SH,
2000. Protein sequence analysis and mapping of IgE and IgG 
epitopes of an allergenic 98-kDa Dermatophagoides farina 
paramyosin, Der f  11. Allergy 55:141 -147.

36. Thomas WR, 2010. Geography of house dust mite allergens.
Asian Pac J Allergy Immunol 28: 211-224.

37. Kenyon F, Welsh M, Parkinson J, Whitton C, BlaxterML, Knox DP,
2003. Expressed sequence tag survey of gene expression in the 
scab mite Psoroptes ovis allergens, proteases and free-radical 
scavengers. Parasitol 126: 451-460.

38. Huntley JF, Machell J, Nisbet AJ, Broek AD, Chua KY, Cheong N,
Hales BJ, Thomas WR, 2004. Identification of tropomyosin, 
paramyosin and apolipophorin/vitellogenin as three major al­
lergens o f the sheep scab mite, Psoroptes ovis. Parasite 
Immunol 26 :335-342.

39. Geoffrey NG, McManus DP, 2005. Update on paramyosin in
parasitic worms. Parasitol Int 5 4 :101-107.

40. Erban T, 2011. Purification of tropomyosin, paramyosin, actin,
tubulin, troponin and kinases for chemiproteomics and its ap­
plication to different scientific fields. PLoS One 6 :1-9.

41. Dahmen A, Gallin M, Schumacher M, Erttmann KD, 1993. Mo­
lecular cloning and pre-mRNA maturation of Onchocerca vol­
vulus paramyosin. Mol Biochem Parasitol 57: 335-338.

42. Song J, Li L, Zhigang L, Qiyuan L, Pixin R, 2009. Sequence
analysis and expression of a cDNA clone encoding tropomysin 
in Sinonovacula constricta. Mol Biol Rep 3 6 :315-321.

43. Mattson JG, Ljunggren EL, Bergstrom K, 2001. Paramyosin from
parasitic m ite Sarcoptes scabiei: cDNA cloning and heterolo­
gous expression. Parasitol 122: 555-562.

44. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S, 2013.
MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. 
Mol Biol Evol 30 :2725-2729.

45. Nisbet AJ, Mackellar A, Wright HW, Brennan GP, Chua KY,
Cheong N, Thomas JE, Huntley JF, 2006. Molecular charac­
terization, expression and localization of tropomyosin and 
paramyosin immuno-dominant allergens from sheep scab 
mites (Psoroptes ovis). Parasitol 133: 515-523.

46. Arlian LG, Vyszenski-Moher DL, Ahmed SG, Estes SA, 1991.
Cross-antigenicity between the scabies mite, Sarcoptes scabiei. 
and the house dust mite, Dermatophagoides pteronyssinus. 
J Invest Dermatol 96 :349-361.

47. Jeong KY, Yum HY, Lee IY, Ree HI, Hong CS, Kim DS, Yong TS,
2004. Molecular cloning and characterization of tropomyosin, a 
major allergen of Chironomus kiiensis, a dominant species of 
non-biting midges in Korea. Clin Diagn Lab Immunol 11: 
320-324.

48. Sookrung N, Chaicumpa W, Tungtrongchitr A, Vichyanond P,
Bunnag C, 2006. Periplaneta americana arginine kinase as a 
major cockroach allergen among Thai patients with major 
cockroach allergies. Environ Health Perspect 114: 875-880.

49. Seiki K, Oda H, Yoshioka H, Sakai H, Urisu A, Akiyama H, Ohno Y,
2007. A reliable and sensitive immunoassay for the de­
termination of crustacean protein in processed foods. J Agric 
Food Chem 55 :9345-9350.

50. Santos ABR, Gutemberg MR, Constance O, Virginia PL, Rodrigo
CL, Mario SP, Valeria SF, Rob CA, Martin DC, Arruda LK, 2008. 
Cross-reactive IgE antibody responses to tropomyosins from 
Ascaris lumbricoides and cockroach. J Allergy Clin Immunol 
727:1040-1046.

51. Walton SF, Holt DC, Currie BJ, Kemp DJ, 2004. Scabies: a new
future for neglected scabies. Adv Parasitol 57: 309-376.

52. Walton SF, Slender A, Pizzutto S, Mounsey K, Oprescu F, Thomas
W, Hales B, Currie B, 2015. Analysis of IgE binding patterns to 
house dust mite allergens in scabies endemic communities: 
insights for both diseases. Clin Exp Allergy 4 5 :1868-1872.

53. Tsai LC, Chao PL, Shen HD, Tang RB, Chang TC, Chang ZN,
Hung MW, Lee BL, Chua KY, 1998. Isolation and character­
ization of a novel 98-kd Dermatophagoides farinae mite aller­
gen. J Allergy Clin Immunol 102: 295-303.

54. Jiz M, et al., 2009. Immunoglobulin E (IgE) responses to para­
myosin predicts resistance to reinfestation with Schistosoma 
japonicum and are attenuated by lgG4. Infect Immun 77: 
2051-2058.

55. Gu XB, Yang GY, 2008. A study on the genetic relationship of
mites in the genus Sarcoptes (Acari: Sarcoptidae) in China. Int J 
Acarol 3 2 :183-190.

56. Gu X, Xie Y, Wang S, Peng X, Lai S, Yang G, 2014. Immune re­
sponse induced by candidate Sarcoptes scabiei var. cuniculi 
DNA vaccine encoding paramyosin in mice. Exp Appl Acarol 
63 :401-412.

57. Beckham S, et al., 2009. Characterization of a serine protease
hom ologous to  house dust m ite group 3 allergens from  
the scab ies m ite Sarcoptes scabiei. J Biol Chem 284: 
34413-34422.

58. Arlian LG, 1988. Host specificity of S. scabiei var. cam's (Acari:
Sarcoptidae) and the role of host odor. J Med Entomol 25: 
52-56.

59. Arlian LG, Morgan MS, 2000. Serum antibody to Sarcoptes sca­
biei and house dust mite prior to  and during infestation with 
S. scabiei. Vet Parasitol 90: 315-326.

60. Loukas A, Jones MK, King LT, Brindley PJ, McMannus DP, 2001.
Receptor for Fc on the surfaces of schistosomes. Infect Immun 
69 :3646-3651.

61. Ferreira CA, Barbosa MC, Silveira TC, Valenzuela JG, Da Silva Vaz Jr
I, MasudaA, 2002. cDNA cloning, expression and characterization 
of a Boophitus microplus paramyosin. Parasitol 125:265-274.

62. Casais R, Granda V, Balseiro A, Cerro A, Dalton KP, Gonzalez R,
Bravo P, Prieto JM, Maria M, 2016. Vaccination of rabbits with 
immunodominant antigens from Sarcoptes scabiei induced 
high levels of humoral responses and pro-inflammatory cyto ­
kines but confers limited protection. Parasit Vectors 9: 435.

63. Rosner B, Spiegelman D, Willett WC, 1990. Correction of logistic
regression relative risk estimates and confidence intervals for 
measurement error: the case of multiple covariates measured 
with error. Am J Epidemiol 132: 734-745.

64. Arlian L, Morgan M, Estes S, Walton S, Kemp D, Currie BJ, 2004.
Circulating IgE in patients with ordinary and crusted scabies. 
J Med Entomol 41: 74-77.



Copyright of American Journal of Tropical Medicine & Hygiene is the property of American
Society of Tropical Medicine & Hygiene and its content may not be copied or emailed to
multiple sites or posted to a listserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.


