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This study demonstrated that antigens of the parasitic mite

Sarcoptes icabiei (SS) cross-react with antigens of the house

dust mite Dermatophagoides pteronyssinus (DP). Crossed immu-

noelectrophoresii (CIE) reaction of SS extract with rabbit

anri-DP serum resulted in multiple immunoprecipitates. Re-

ciprrcal CIE reactions gave similar results. Immunoprecipi-

tar.r ftom both reactions bound IgE in the sera of dust-mite-

sensitive patients who had no history of scabies. Sodium

dodecyl sulfate - polyacrylamide gel electrophoresis rèsolved
protein/peptide bands of both SS and DP also bound serum

igE from dusr-mice - allergic patients following immuno-

biotting. Non-allergic control sera gave no IgE binding to

either SS or DP antigens. These results indicate that patients
with atopy to dust mites exhibit circulating antibodies built
to DP but that recognize determinants on SS antigens. It is
highly probable that scabietic patients build antibodies to SS
antigens that also recognize DP antigens. These results raise
quesiions concerning the reported isorypic antibody re-
sponses to SS because the sensitiviry of scabietic patients to
houte drrbt mites has not been previously evaluated. This
cross-reactiviry may play an important role in the susceptibil-
iry to scabies and its ilinical mànifestations.r[ Inuest Dermatol
96 :349  -  354 ,  1991
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he scabies mite, Sarcoptes scabiei (SS), is a comìnon
parasi te that  burrows in the skins of  humans and other
mammals. The house dust mites, Dermatophagoídes

farinae (DF) and D. pteronyssinus (DP), are cosmopoli--tan 
inhabitants of human dwellines where they feed

on shed skin scales.  These mites arc sources oIpotent  a l lergens that

st imulate al lergic react ions in many dust-sensi t ive indiv iduals.  They

occur in most  homes in humid geographical  areas.  Indirect  evidence

rai;:d the possibil ity of cross-reactivity between scabies mites and

the allergy?ausing house dust mites. This indirect evidence was that

serum IgÉ levels dlrected at DP in scabietic patients declined follow-

ing treatment for scabies [1], scabies patients had positive RAST

(radioallergosorbent test) to DP [2], and individuals with skin sensi-
tivity to pP but with no history of previous scabies infestation gave

posi t ive skin tests to SS [3] .  Falk and l lo l le [3]  fur ther suggested that
atopy may predispose to scabies and even enhance the clinical mani-
festations oI the disease .

An antigenic study revealed that extract made from SS from dogs
(var. canis) contained nine antigens [a]. By directly reacting SS var.

canís antigens (extract) with rabbit antiserum built to DF or directly

reacting DF e*t.".t with sera obtained from SS vx. canis infested

rabbits using crossed immunoelectrophoresis, we directly demon-

strated that six of the nine SS antigens were cross-reactive with

antigens of Df. Both these cross-reactive SS antigens precipitated
by CIE and sodium dodecyl sulfate-polyacrylamide gel electropho-

resis (SDS-PAGE) resolved protein/peptide fractions of the SS var.

canis extract bound IgE when incubated in the sera of D. farinae
sensitive patients without a history of scabies infestation [5]. Simi-

larly, Falk et al [6] demonstrated four cross-reacting antigens in SS

ver. hominis extrect using a CIE reaction with rabbit anti-DF serum.

These findings were signiFcant in that they directly established 1) a

high level of cross-reactiviry between the two mite spccies, 2) the

cross-reactivity can involve IgE rype antibodie s, and 3) DF-sensitive
patients with no history of scabies exhibit circulating antibodies

built to DF, but that recognize determinants on SS antigens. Many

dust-mite-sensitive patients are skin-test positive to both DF and

DP. DF and DP demonstrate cross reactivity but each is also the

source of species-specific antigens and allergens. Because bo_th Dp

and DP aré com-òn in homes and are important sources of aller-

gens, the purpose of this study was to direcily determine if DP also

cross-reacts with SS.

MATERIALS AND METHODS

Mite Source and Extract Preparation Dermatophagoides pteron-
yssinus (DP) were cultured and mite extracts prepared as previously
àescribed [7,8]. Culture medium-free active mites of all l i fe stages

were collected by aspiration from culture container rims, killed by

freezing, then desiccated under vacuum over Drierite (W.A. Ham-

mond Drierite Co., Xenia, OH). DP fecal material was harvestedby

sieving (106 pm) dried, spent cultures in which the food supply had

been èxhausted. For extract preparation, dried DP material was
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Table
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I. _ Antibody Response of Sera from Sarcoptes scabiei_
R"bbit to Antigens in Exrrac prepared from Dp Body
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ground, defatted.iri anhydrous e thyl.ether, placed i+the appropriate
volume of distilled *aier to provide a r:io *r/r3l aiiliior,, arra
extracted at least 48 h at 4'c. Èxtract preparation, *.r. coldcentri-
flrg.aand 

the supernatanr fiher srerilìrrà 1o.zol- A;.J;c), and
then the extract was stored at 4.C until further use.

,s,a.rcoptls scabieí var. canís were grown on New zealand white
rabbrts, urycto.lagus cunkulus. Mites were collected and extracts pre-
pared as previously described [4,5]. Heavily infested crusrs were
rcmoved from rhe rabbits'  skin surface and placcd in a petr i  dish so
that they encircled a beam of light from a -i.ror.op.'illuminator
thar was directed rhrough thetish. Mires of al l  l i fe staees that
crawled from the crusts ànd assembled under the light b."L *...
collected by aspiration every 1 - 3 h, frozen,and dri.".l over Drierite
under vacuum. For extract preparation, dried SS bodies were ground
with a micromortar and pèstle, defa*ed in anhydrou, .ihyi.th"r,
placed in the appropriaté volume of distiilcd írr., to oío"ia" 

"l :20wtfvol concentrat ion, and then extracred for 
"t  

lea^rt 4g h at
4'c. Extracts were cold cenrrifuged and the supernatanr drawn off
for use in immunoassays.

Mite Antisera Antisera to Dp body and Dp feces extracts were
raised by subcutaneous immunization óf N.* zealandwhite rabbits
9x.actl.r as described previously [7,g]. The rabbits ,...irr.d-irriri"l
injections of 1 mgDP protein-emulsified in complete Freund's ad-
Ju.vant and rwo 0.5 mg.doses Dp protein in Frùnd's incomplere
adjuvant. ar rwo-week- intervals. i'*o weeks follo;in;ih. I"rt
booster, blood was drawn from the cenrral ear arteries l"? iir. ,.."
separated_ for immunoassays. sS antisera were obtained from 14
New Zealand white rabbits infested with SS. The rabbi* were bled,
the sera decanted, and the antibody profiles 

"rr"ly".J-b"-.rorr.dimmunoele.ctrophoresis (cIE). The ieà of the fouriabbits'with the
hlghe.st antlbody titers.to SS were pooled, concenrrated 2.5X, and
used tor the crossed radioimmunoelectrophoresis (CRIE) analyses.

cIE To determine rhe.cross-reactiviry of sS and Dp, heterolo-

li[.ft'il'"'riql::fl i#1][:i;Trlt{':.T,F,tti
antisera. In the first dimension,14-2041of SS or Dp extracts were
l::i::ry,lly electrophoresed for 20 or 30 min, respectively, ar
200 v. This was followed by second-dimension ét..r.^"ptro.rrir irt

È--

Figure 1. DP body (DP6) exrract reacred with sera from scabies infested
rabbits (anti-SS). r{: representative clE antigen profile. B: composite sche-
matic.

which the exgracts were perpendicularly electrophores.,,, irro an
agarose gel containing the hetèrologous antise rum. whcn usine Dp
extract, anodic and cathodic secónd-dimension gel, co.rti ined
500 pl and 100 pl of anti-SS serum, respectively. 

'wfien 
SS extracts

Ìvere reacted with anti-DP, the anodic and catÉodic gels contained
200 and 10 pl of anti-Dp that had been concentratei 5x. ss, Dp
body, and DP feces extracts reacted with normal rabbit serum servcd
as negative -controls. Second-dimension electrophoresis was per-
formed with 40 V for 15-20 h. The g.l, *àr. the" ,rasfred,
p_ressed, dried, stained with coomassie Bríliant Blue R-25ú (sigma
Chemical, St. Louis), and desrained.

CRIE CRIE was 
_p_erformed to determine if parienr IgE built to

DP would bind to SS an{ Dp antigenic determin"otr. óIE gels of
DP reacted with anti-SS that were u-sed for GRIE contained 3óo and
20 ltl of pooled anti-SS serum (concentrated 2.5X) in the anodic and
cathojli:. gels, respectively. 

Jhe reciprocal gels'(SS reacted wirh
anti-DP) contained 350 plof anti-Dpìn the aiodic ger. cRIE using
Bgls on which DP was reacred with Dp served as p8sitive ,.:nrrols.
The homollgous CRIEgels contained 400 and 6b pl ofantiserurn
in the anodic and cathodic gels, respeccively. These unsrained cfE
gels were incubated o,,rer.ti-ght in ùra from Dp-sensitive pedents
and RASTA buffer [l]. fhey were rhen washed 3 times witÉ RfST
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B buflter, incubatèd '\Mith 12sI anti-human IgE and--'RAST C buffer,

washcd, pressed, and air dried. Autoradiography was performed for

t -26  d .

SDS-PAGE, Blot Transfer, and Autoradiography Proteins

in the SS and DP mite extracts were separated by srandard SDS-

PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis)

using 120/o polyacrylamide as described previously [5]. Twenty-five

to thirty microliters of mite extracts were resolved for each e lcctro-

phor, :s is  run.  BSA (bovine serunì  a lburuin) ,  ovalbumin,  t rypsino-

gen, ,nd lysozyme were run as molecular weight markers. Refer-

inc. gels were stained with silve r nitrate to visualize the

protein-peptide bands. All gels were stained following blot transfer

to verify complete transfer.
Separated proteins were transferred at 280 mA and constant

currónt for 2 h to nitrocellulose membranes using a Bio-Rad
Transblot cell system (Bio-Rad Laboratories, Rockville Centre,
N.Y.). Nitrocellulose strips containing proteins were treated iden-
tically to the CRIE gels, except that each was washed 3 more times
witl, Tris-saline solution after the last RAST B buffer wash. The
strips were incubated in patients' sera overnight, washed, and incu-
barèd in 12sI-labeled anti:human IgE overni{ht, and then autoradi-
ography was performed.

Human Sera CRIE gels and transblot strips were incubated in
sera from 15 DP-sensitive patients. These individuals were selected
on the basis of persistent allergic symptomatic histories during the
heating season, positive prick or intracutaneous skin tests (> 3 mm
wh.,al and flare) to a commercial DP extract and without prior
history of SS infestation. Sera from 10 individuals who were skin
test negative to DP and had no history of scabies served as negative
controls.

RESULTS

Cross-Reactivity of DP Body/Feces and SS Extracts Heter-
oloqous CIE reactions of DP body and DP feces extracts with anti-
serr..-from 14 individual scabies-infested rabbits showed that the
tabbits contained serum antibodies directed at DP body and DP
feces antigens. Seven different antigen-antibody precipitin lines (six
anodal and one cathodal) were apparent when DP body extract \À/as

Figure 2. DP feces (DP) exrract reacred '*'ith sera from scabies-infested

.ablbitr  (anri-SS). ,4: representative CIE antigen pro6lc. B: composite sche-

matic.

reacted with individual sera from SS-infested rabbits (Table I, Fig

1). Varying numbers of cross-reacting DP body antigens were r€cog-

nized by individual rabbit's serum but all rabbit sera contained anti-

bodies that recogn rzed et least fwo cross-reacting DP body anrigens.

Different rabbits' sera gave stronger more clearly defined antigen-

antibody precipitates fòr different antigens. Thirty-six percent of
the scabieiic rabbits recognized six DP body antigens, whereas 7%o

recognized only two antigens. All rabbits recognized cross-reacting
antigen number 5, whereas 860/o of the rabbits had antibodies di-

rectéd at cross-reacting antigen number 3. Reciprocal CIE reactions

of SS extract and DP body antiserum detected multiple cross-react-

ing antigens also. Sera from control rabbits exhibited no antibodies

to DP bodv or SS antigens when reacted with either extract.
CIE reaétions of DÈfeces extract with individual sera from the

same 14 SS-infested rabbits exhibited up to five different precipitin
lines (Table II, Fig 2). The number of cross-reacting DP feces anti-

gens recognized by an individual serum varied from one to four.

Half of tlie rabbits recognized four cross-reacting feces antigens.

Eighty-six.percent of the rabbits contained antibodies directed at

cross-reacting antigens numbers 2 and 5. Fifty-seven and fifry p9r-

cent had anti-bodiei against antigens numbers 1 and 4, resPectively.

Reciprocal heterologous CIE crosses also demonstrated antigen-an-

tibody reactions.

IgE Antibody Binding to Cross-Reactive DP and SS Anti-

gens Heterologous CIE gels containing the antig,en-antibody pre-

èipitates that had formed from the cross-reaction ofDP body extract
and anti-SS serum were individually incubated with sera of 15 DP-

sensitive patients who had no history of SS infestation. Autoradio-

grams ofthese plates indicate that five different DP body antigens
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Figure 3. ,4: CIE.antigen profile of oe body €xrracr reacted with pooled rabbit anti-SS. B,C: IgE binding Patterns (autoradiograms) for rwo house dust

mite-senstttve patrents"with no history of sca-bies.
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rhat cross-reacred with SS, bound mite-specific IgE (Fig 3). Fifteen

and 10 DP-sensi t ive par ients exhib i ted IgE bindíng to cross-react ing

Ol Uoay antigens nimbe.s 5 and 6, re-spective!1. lhe 
number of

c.oss-.eacting"antigens that bound _IgE and exhibited radiostaining

for an indiiidual 
"serum 

ranged fróm rwo to four. Each serum

showed varying levels of IgE 6inding to differenr precipitin l ines as

indicared by the varied intensity of radiostaining. Autoradiograms

for the ,.cíp.o."l cross in which SS extract was reacted with DP

body ant isei . r -  
" l ro 

showed that  IgE bui l t  to DP ant igens bound to

the 3S anr igens (Fig a) .  L ikewise ,  n ine of  the 15 dust  mi te -  sensi t ive

parients *irhoui Jhirto.y of scabies exhibited IgE binding to im-

munopreclpr tates resul t ing f rom the homologous CIE rea-ct ion of

SS exiracr with rabbit rtri i-Ss sera (Fig 5). Control sera from 10

individuals skin test negative to DP ind wirh no history-of SS

infestarion showed no I[f binding (blank autoradiograms) for the

three reactions.
More than 30 protein/pept ide bands were resolved by SDS-

pAGE fractionarioì of Oe body and SS extracts (Fig 6). These DP

and SS protein/peptide tracks were blot transferred to nitrocellulose

membranes and then individually incubated with sera of the 15
DP-sensirive patients followed by tzsl-1.6.1ed anti-human IgE.IgE

in the se.a frot t dust mite - sensitive Patients bound to bi, 'r l: DP and

SS bands (antigenic determinants) (Table III,.Fig 6).Iigiit Jifferent

protein/peptiAe bands from the SS extract bound IgE to varying

à.gr..t. Sera from 11 of the 15 Patients showed IgE binding al'

thóugh four exhib i red only weak binding.  Al l  11 posir ive par ienrs

show"ed IgE binding to ar least two SS bands with five showing

binding tó si* diffJrent bands. Sera from all patients .exhibited
stronglgE binding ro ar least one DP band with 10 showrng varicd

le"eliof'bi"ding tó rhree or more bands. Twelve different DP bands

bound IgE amo"ng the various patienrs. By comparison, i i,, '  levelof

IsE biniins *", !..rt.. for DÈ than SS as meaiured by cltrration of

"ítoradiogi.phy 
i"d intensiry of radiostaining. The 10 control sera

(skin test i.g"rí". to DP) exhibited no IgE binding to either SS or

DP protein f pepride bands.

D ISCUSSION

;;tfl'";;";iio"t il" iis incidence, or clasiified how the hum

Heterologous clE results of this study de rnonstrated that antigens

of S. scatr\eí (SS) cross-react with antifens o,f D. p.teronyssinrrs (DP).

IeE in the seìa of dust mite - sensirive individuals that ha..i ,r,r history

oT scabies bound to both SS and DP antigenic determirìants on

immunoprecipitates that resulted from hetcrblogous ClE reac.tions'

When SS extiact was used the IgE bound directly to determ-inanb

on the SS antigens in the SS/anii-Oe immunopiecipitates' Whcn

DP extracts were used IgE bound to DP determinants on antigefil

that had also reacted witÉ anribodies built to SS. In addition' serufÍ

IsE from these allergic patients bound directly to SDS-PAGE rc'

;:t";d ;p*; s;^;;,:i;7;.;,'d. u."i'- Ni,'-"11.'gic conffor
gave no IgE binding to .iihLJSS or DP antigens. prJcipitated.in -

n;;;;ì;;3; 
""a 

ì''"'-"rogous cIE reactio.,, o", *ht" resolve!.,fJ .
SDS-PAég. These results-indicare rhat DP-sensitive patients wltra

". 
hitr"ryìf ,c"bie, .Jitii circ,rlati"g 

""tibtdi., 
buìlt to DP bur i

,L;;;.;É"i". d.t".-in"r,ts on SS antifiens. It is also.hightf f:bl;'ÌL I I a L  l c L U 6 I r l Z s  U L r L l r r r r r r 4 r r l J  v r r  .  - .  ^ " : ' - - . : - - o .  
{ , ^ . .  c c  i ,

ble that ùabietic patie nts exhibit circulating antibodies butlt to w tr

antigens that recognize DP antigens.. , _. _-^,-l$,
FJ* controlleditudies have directly investigated and charactcr"ì"

ized the isorypic h#:?íT;#IJ'i;'Jfiil";;tr; 'a;"^'f*'$
predisposing.Îìtt p'operties thàt would :*Pl:i",rî. :!t:11''J.:::'Ji$

response to scabies antigens relates to ryPe I, II, III, and IV ree;ctror

Thìs and previous ,tudíe, indicating 
"'Éigh 

level of c.ross-reactlvl
berween scabies mites and the allerg"y.r,r?i.tf house dust mites [5'

Figure 4. A: CIE antigen profrle of SS extract reacted with rabbit anti-DP

boiy ,.^-. B: represeitative IgE binding Pattern (autoradiogram) using a

house dust mite-iensitive patient with no history of scabies'
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'S, strong; M, moderate; W, weak IgE binding after 8 d autoradiography.
t ?, numbcr of bands could not be detcrmincd duc to heavy staining.
'Control, skin test ncgative to DP and with no history of S. scabiei infestations.
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figure 5. z4: CIE antigen profile of SS exrract reacted with pooled scabies infested rabbit sera. B,C: representative IgE binding Patterns (autoradiograms) using

rwò house dust mite-sensit ive patients with no history of scabies.

Dose important questions concerning the reported circulating anti-

body reqponse toscabies and future studies of the humoral response.

Becàuse-no previous study that described the antibody profiles of

scabietic patients considered the patients' sensitiviry to house dust

mites, it il now unclear whe.ther the few reports of circulating JgE,
IgA, IgM, and IgG levels for scabies patients actually reflecfà re-

r ionte to scabies ant igens [1-3,10- 17] .  Studies ut i l iz ing both dust

mite-al lergic and non-al lergic scabiet ic  pat ients are now needed

Table I I I .  Number of  SDS-PAGE-Resolved Porte in/Pept idc

Bands of DP Iìody or SS Extracts tlìat Bound IgE After Incubacion
in Individual Sera from Patients Skin Test Positive to DP

Number of Protein-Pcptide Bands that Exhibited
IgE Binding'

DP body

Patient Serum

both to cheracterize the antibody response to scabies and to clarify
its relationship to house dust mite allergy.

Clearly, an immunologic relationship berween scabies and house
dust mites exists. Although the clinical and diagnostic implications
of this remain to be determined for atopic dust mite and non-allergic
individuals, this high level of cross-reactiviry may play a significant
role in human susceptibil ity to scabies or in the severiry of symp-
toms. It has been suggested that individuals sensitive to dust mites

are more likely to develop scabies than non-allergic individuals [2].
This remains to be documented and, if true, the mechanism ex-

plained. More severe skin rash in atopic scabietic patients by compar-
iton to non-allergic scabietic individuals has been reported but needs

further investigatión [2]. This may be an expression of the cross-
reactiviry berween the two mites. Clinical entit ies of post-scabietic
pruritus of primary scabies that may last wecks to months in some
individuals may better be explained by this phenomenon. Likewise,

pruritus of primary infesations that develop within a few days to 2

weeks in some cases [18-20]  rather than the usual  4-8 weeks [21]
may also be due to the individuals being sensitive to house dust mite

antlgens.
Many srudies report elevated IgE values in highly varied percent-

ages (1 to 650/o) of the examined scabietic patients and suggest an
allergic response to scabies antigens [1 - 3,10,1 1,15 - 17]. A major

difficulry in interpreting the varied results of these studies is that
most did not directly use SS antigens, because litt le or no scabies
antigen was available for specific determinations. Therefore, it is
not certain if these abnormal levels of immunoglobulins or any

quantitative relationship between isorypes were antigen-specific or
non-speci6c, associated with accompanying cutaneous bacterial
pyrodèrmatous infections that are usual sequelae [t2] or, in the

èase of IgE, the result of atopy. Therefore, direct evidence that SS
antigens stimulate IgE production and an allergic response in

scabietic patients still requires further investigation. However,
the fact that IgE-type antibodies in scabies-free dust mite allergic
patients will bind to epitopes on SS antigens is indirect evidence
ihat SS can induce IgE production and an allergic response in hu-
mans.

This cross-reactiviry berween SS and DP appears to be one of
partial antigen identiry. Some antigens of the rwo mite species have
iome identical or nearly identical epitopes but molecules of each
also have some species-specific epitopes. Two lines of evidence sug-
gest this. First, the immunoprecipitates that formed in the gel of
heterologous CIE reactions were less well defined than those
formed for homologous reactions. This would suggest low amounts

of antibodies or antibodies with low affinities for the strange anti-
gens. Second, using serum from the house dust mite-sensitive pa-
tients there was much less IgE binding to SS protein/peptide bands
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Figure 6. .4: SDS-PAGE fractionation profi le of (A1) SS extract, (Bl) DP
body extract. Corresponding numbers in.,{ and B are the_same.patient. 2,3:
representative immunoblots (autoradiograms) showing IgE binding using
two dust mite - sensit ive patie nts with no history of scabies.

by comparison with IgE binding to DP bands for each individual
sera.

Sarcoptes scabiei var. canís was used for these studies because of the
difficulry in obtaining large numbers of S. scabiei vzr. homínis for
extract preparation. Strains of S. scabiei from different host species
are host specific and normally cannot be transferred berween hosts
Í22,231. We have successfully transferred var. canis from the dog to
laboratory rabbits Í22,231. Similar attempts to transfer var. hominis
to rabbits or other hosts have failed 122,231. This strain raised on
rabbits has been used for recent immunologic studies and as a model
for human scabies. The various strains of S. scabiei are morphologi-
cally alike but the strict host specificiry of the strains sugges$ there
are some physiologic differences. However, indirect evidence sug-
gests var. canis end ver. hominís are antigenically similar and may
differ by only two antigens [5,6]. Therefore var. caris used in this
study shares sufficient antigens with var. hominis to serve as a good

model for directly demonsÈraÈing the immunologic relationshi
rween human scabies and house dust mite atopy. 
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