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Scabies remains the most prevalent, endemic, and neglected ectoparasitic infestation globally and can cause institutional out-
breaks. The sensitivity of routine microscopy for demonstration of Sarcoptes scabiei mites or eggs in skin scrapings is only about
50%. Except for three studies using conventional or two-tube nested PCR on a small number of cases, no systematic study has
been performed to improve the laboratory diagnosis of this important infection. We developed a conventional and a real-time
quantitative PCR (qPCR) assay based on the mitochondrial cytochrome c oxidase subunit 1 (cox1) gene of S. scabiei. The cox1
gene is relatively well conserved, with its sequence having no high levels of similarity to the sequences of other human skin mites,
pathogenic zoonotic mites, or common house dust mite species. This mitochondrial gene is also present in large quantities in
arthropod cells, potentially improving the sensitivity of a PCR-based assay. In our study, both assays were specific and were
more sensitive than microscopy in diagnosing scabies, with positive and negative predictive values of 100%. The S. scabiei DNA
copy number in the microscopy-positive specimens was significantly higher than that in the microscopy-negative specimens
(median S. scabiei DNA copy number, 3.604 versus 2.457 log,, copies per reaction; P = 0.0213). In the patient with crusted sca-
bies, the qPCR assay performed on lesional skin swabs instead of scrapings revealed that the parasite DNA load took about 2
weeks to become negative after treatment. The utility of using lesional skin swabs as an alternative sample for diagnosis of sca-

bies by PCR should be further evaluated.

S cabies remains a significant infectious problem worldwide and
is a problem not merely in developing countries but also in the
developed world. An estimated 300 million cases of scabies occur
globally every year, with scabies having a particular association
with young children, poor hygiene, homelessness, crowdedness,
and poverty in the tropical and subtropical regions (1). The prev-
alence of scabies in some populations, such as Australian aborig-
ines, can be as high as 25 to 50%, and the burden of disease and
morbidity are further aggravated by complications with bacterial
pyoderma, including that caused by methicillin-resistant Staphy-
lococcus aureus (2, 3). In developed countries, scabies causes sig-
nificant public health issues in vulnerable individuals, such as in-
dividuals at the extremes of ages and immunocompromised hosts.
For example, an estimated incidence of 233 to 470 per 100,000
person-years was reported in a national study conducted from
1994 to 2003 in England (4). In addition, outbreaks readily occur
in the community in schools, hospitals (including intensive care
units), and other institutions (5-10). Among immunocompro-
mised patients, such as HIV-infected individuals, organ trans-
plant recipients, and patients on biologics or other immunosup-
pressive therapies, scabies can occur as an unrecognized
complication with considerable delays in diagnosis and treatment
or as a manifestation of the immune reconstitution inflammatory
syndrome (11-15).

Scabies is a contagious skin infection characterized by intense
itching due to a delayed type IV hypersensitivity reaction toward
Sarcoptes scabiei antigens; some of these antigens also modulate
the skin immune response to mites (16). Transmission is predom-
inately person to person through close and prolonged contact, but
fomites may also play a role in heavily infected patients, as in the
case of crusted scabies (17). The clinical diagnosis of scabies re-
mains problematic, especially in situations where the clinician’s
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suspicion is low, especially in patients with atypical manifesta-
tions, or when clinical signs are modified by topical corticoste-
roids (18, 19). Laboratory confirmation traditionally involves the
use of skin scrapings for microscopic examination. While micro-
scopic examination of skin scrapings has a 100% positive predic-
tive value and a short turnaround time, it has a low sensitivity,
which further varies according to the quality and quantity of the
skin scrapings received (19, 20). These difficulties result in delayed
treatment and, more importantly, hinder the early initiation of
infection control interventions to minimize the transmission of
mites, resulting in outbreaks causing service interruptions with
substantial cost implications (5, 8). Nucleic acid amplification
tests (NAATs) have gained wider utility in diagnostic parasitology
in recent years, offering higher sensitivities than conventional mi-
croscopy, and allow quantitation of the parasite load when quan-
titative assays are used (21). We therefore explored the role of PCR
in the diagnosis and monitoring of scabies.
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MATERIALS AND METHODS

We identified the baseline demographics of microscopy-confirmed sca-
bies patients by reviewing the computer records of patients in the Hong
Kong West Hospital Cluster, which comprises one 1,600-bed university
hospital and three convalescence hospitals with a total of 3,200 beds. The
data were retrieved for the period from January 2005 to December 2014
for comparison of the demographics of the study patients. The episodes in
patients with multiple positive skin scrapings on microscopy within 4
weeks were counted as one episode. This study has been approved by the
Institutional Review Board of the University of Hong Kong/Hospital Au-
thority Hong Kong West Hospital Cluster.

Collection of skin samples. Skin scrapings were prospectively col-
lected from patients with suspected scabies in the Hong Kong West Hos-
pital Cluster and the United Christian Hospital, an acute care hospital
with 1,174 beds, between 1 May 2014 and 9 August 2014. Scrapings were
taken from clinically suspicious lesions. Each specimen was placed in a
sterile plastic bottle and subjected to examination under a microscope and
by PCR. For microscopic examination, the scrapings were digested with 2
drops of 10% potassium hydroxide and were observed for the presence of
mites, nymphs, or eggs (22). Patients were considered to have definite
scabies when mites or eggs were seen. Crusted scabies was diagnosed when
scabietic patients presented with the typical picture of psoriasiform der-
matitis with hyperkeratotic plaques (23).

For patients with crusted scabies, skin swab specimens were addition-
ally taken at the same time that the skin scrapings were taken for PCR.
Swab specimens were taken from the six body sites which are most often
affected by scabies, viz., the scalp, finger web, wrist, elbow, popliteal fossa,
and ankle. The skin of these sites was swabbed using separate rayon-tipped
Copan swab applicators (Copa, Brescia, Italy) by applying firm rotatory
rubbing motions over an area of 2 cm by 2 cm daily on day 1 to day 4 and
then on days 14, 21, and 28 after the start of treatment with a scabicidal
agent. The tip of the swabs was put into viral transport medium, which
was then stored at 4°C for a maximum of 3 days before nucleic acid
extraction. Viral transport medium was used for the convenience of stor-
ing skin scrapings in solution form, and it prevents sample deterioration
due to overgrowth of bacteria or fungi. Environmental surveillance, per-
formed by swabbing bedside tables, bedside lockers, bedside rails, cur-
tains, and drip stands (as appropriate), was conducted for patients with
crusted scabies.

DNA extraction from skin samples. DNA extraction was performed
using a QIAamp DNA minikit (Qiagen, Hilden, Germany), as modified
from a user-developed protocol (Qiagen, Hilden, Germany). Briefly, skin
samples were digested using 40 pl of 1 M dithiothreitol, 40 p.l of protei-
nase K, and 300 .l of ATL buffer (Qiagen, Hilden, Germany) at 56°C until
the lysate was clear. The purification steps were done according to the
manufacturer’s instruction, and the purified DNA was eluted in 40 pl of
AE buffer (Qiagen, Hilden, Germany). All specimens were spiked after
extraction to identify any PCR inhibitors within the specimens. Since PCR
inhibitors might not be completely removed by the purification steps
described (results not shown), additional purification was performed us-
ing a QIAquick PCR purification kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions for PCR products when inhibitors
are present. The purified DNA was eluted in 40 pl of EB buffer (10 mM
Tris-HCI, pH 8.5).

Conventional PCR amplification. A 250-bp fragment of the cyto-
chrome ¢ oxidase subunit 1 (cox1) gene of S. scabiei was amplified using
specific forward primer scabF1 (5'-CTTATTATTCCTGGATTTGGRTA-
3') and specific reverse primer scabR2 (5'-CTAATTTTCCTCCTAATAT
TGTWGA-3'). No homologies between the primer sequences and the
sequences of the coxI genes of Demodex folliculorum, Demodex brevis,
Dermatophagoides pteronyssinus, Dermatophagoides farinae, Dermanyssus
gallinae, Tyrophagus putrescentiae, and Cheyletus malaccensis available in
the NCBI nucleotide sequence database were found. Each 25-ul PCR mix
contained 1.0 wl of purified DNA extract, 0.5 uM each forward and re-
verse primers (IDT, Coralville, IA, USA), PCR buffer (10 mM Tris-HCI,
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pH 8.3, 50 nM KCI, 2 mM MgCl,, 0.01% gelatin), 200 wM each deoxy-
nucleoside triphosphate (GeneAmp; Applied Biosystems, Foster City, CA,
USA), and 1.0 U of Taq polymerase (AmpliTaq Gold; Applied Biosystems,
Foster City, CA, USA). Thermocycling was performed in an automated
thermocycler (Applied Biosystems, Foster City, CA, USA) with a hot start
at 95°C for 10 min; 40 cycles of 95°C for 1 min, 55°C for 1 min, and 72°C
for 1 min; and a final extension at 72°C for 10 min. Five microliters of each
amplified product was electrophoresed in a 2.0% (wt/vol) agarose gel with
a molecular size marker (GeneRuler 50-bp DNA ladder; Fermentas, On-
tario, Canada) in parallel. Electrophoresis in Tris-borate-EDTA buffer
was performed at 120 V for 35 min. The gel was stained with ethidium
bromide (0.5 mg/ml) for 25 min, rinsed, and photographed under UV
light illumination. Positive and negative controls were included in each
run. The positive control for S. scabiei was microscopy-positive skin
scraping samples; the negative control consisted of all PCR reagents and
PCR-grade water as well as a matrix-containing negative control (a skin
scraping from normal skin). Standard precautions were taken to avoid
PCR contamination, and no false-positive results were observed for the
negative controls. Positive and negative controls were included in each
run. The PCR products were gel purified using a QIAquick PCR gel ex-
traction kit (Qiagen, Hilden, Germany). Both strands of the PCR products
were sequenced with an ABI 3130x] genetic analyzer according to the
manufacturer’s instructions (Applied Biosystems, Foster City, CA, USA)
using PCR primers specific for each PCR product. The DNA sequences
obtained were analyzed by a BLASTn search against the sequences in the
online nonredundant nucleotide collection (nr/nt) database of NCBI to
confirm their identity. DNA extracted from specimens with Demodex fol-
liculorum, Demodex brevis, house dust mites (Dermatophagoides pteronys-
sinus, Dermatophagoides farinae), pure cultures of dermatophytes (Mi-
crosporum, Epidermophyton, and Trichophyton), and Candida was used to
test the specificity of the PCR.

Real-time qPCR. A 121-bp fragment of the coxI gene of S. scabiei was
amplified using specific forward primer Scab_cox1_120F (5'-TGCTATGAT
TTCTATTGCAACTTTAGG-3'), specific reverse primer Scab_cox1_241R
(5'-GGGACAGCGATAATTATAGTAGCTGAA-3"), and TagMan probe
Scab_cox1_152P (6-FAM-TGTATGAGCTCATCATATATTTACTGTT
G-3IABKFQ, where 6-FAM is 6-carboxyfluorescein fluorescent dye and
3IABKFQ is Iowa black quencher) in a real-time quantitative PCR (qPCR)
using a QuantiFast multiple PCR kit (Qiagen, Hilden, Germany). The
internal control was amplified using internal control forward primer
ICF (5'-TGCTATGATTTCTATTGCAACTTTAGGCTGCTGCCCGAC
AACCA-3"), internal control reverse primer ICR (5'-TTCAGCTACTAT
AATTATCGCTGTCCCTGTGATCGCGCTTCTCGTT-3'), and internal
control TagMan probe ICP (Cyc5-TACCTGAGCACCCAGTCCGCCC
T-3IABKFQ). The final product was inserted into the plasmid vector
pPCR@II-Topo (Topo TA cloning kit, dual promoter; Invitrogen, Carls-
bad, CA, USA). No homologies between the primer sequences and the
sequences of the coxI genes of Demodex folliculorum, Demodex brevis,
Dermatophagoides pteronyssinus, Dermatophagoides farinae, Dermanyssus
gallinae, Tyrophagus putrescentiae, and Cheyletus malaccensis in the NCBI
nucleotide sequence database were found. Each 25-p] PCR mix contained
5.0 pl of purified DNA extract, 0.5 uM each forward and reverse primers
(IDT, Coralville, IA, USA), 0.25 wl TagMan probe (IDT, Coralville, IA,
USA), 0.1 uM internal control TagMan probe (IDT, Coralville, IA, USA),
0.1 pl plasmid suspension of internal control 1 X 10 copies/reaction, and
2X QuantiFast multiplex PCR master mix (without carboxy-X-rhoda-
mine) (Qiagen, Hilden, Germany). Thermocycling was performed in an
automated real-time LightCycler 96 apparatus (Roche Diagnostics,
Switzerland) with a hot start at 95°C for 5 min and 55 cycles of dena-
turation at 95°C for 45 s and annealing and extension at 55°C for 45 s.
Suspensions of plasmids carrying the coxI gene were used as standards
for quantification and positive controls. The plasmids were prepared
by cloning the coxI insert into the plasmid vector pPCR@II-Topo
(Topo TA cloningkit, dual promoter; Invitrogen, Carlsbad, CA, USA).
After propagation and purification of the plasmids, the concentration
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FIG 1 Age distribution of patients with scabies diagnosed by microscopy in the Hong Kong West Hospital Cluster from January 2005 to December 2014.

of the coxI gene (number of copies per reaction) was derived from the
A, optical density measurement. Each PCR run comprised 5 serial
10-fold dilutions of the plasmid suspension, ranging from 10° to 10
copies of extracted DNA per reaction. The amount of S. scabiei in each
specimen was estimated by comparing the cycle threshold (C;) number
with that generated from a serial dilution of the plasmid suspension. The
limit of detection was 10 copies per reaction mixture. Positive and nega-
tive controls were included in each run.

Statistical analysis. Fisher’s exact test, the Student ¢ test, and the
Mann-Whitney U test were used to compare patient data, as appropriate.
The log-transformed parasitic loads between microscopy-negative and
-positive specimens were compared using the Mann-Whitney U test. A P
value of <0.05 was considered to represent statistical significance. All
statistical analyses was performed using SPSS (version 18.0) software.

Nucleotide sequence accession numbers. The sequence determined
in this study was deposited in GenBank under accession no. KR477839 to
KR477867.

RESULTS

From January 2005 to December 2014 there were 863 episodes
of scabies diagnosed in the Hong Kong West Hospital Cluster
using microscopy. This corresponded to 763 individual pa-
tients with a male-to-female ratio of 1:1.6. The mean age of the
patients was 83.1 years (range, 23 to 105 years). The highest
incidence of disease occurred in patients over 70 years of age
(Fig. 1). One hundred seventeen episodes (corresponding to
13.6% of all episodes) in 82 patients were considered to be
treatment failures or reinfections with positive microscopy re-
sults more than 4 weeks apart.

During the study period, a total of 100 skin scrapings were
examined by microscopy and PCR for scabies. S. scabiei was de-
tected in 29 skin scraping samples by PCR, while it was detected in
only 17 of these by microscopy (Table 1). None of the specimens
was microscopy positive and PCR negative. None of these patients
had received antiscabietic treatment in the 4 weeks before the
specimens were collected. Only one case of crusted scabies was
diagnosed. The male-to-female ratio was 1:1.6, and the median
age of these 29 patients was 87 years (range, 62 to 98 years). The
mean age of the study patients was not significantly different from
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that of the historic cohort of patients in the previous 9 years (P =
0.349). Among the 29 patients, 24 (82.7%) resided in long-term-
care facilities, 20 (69.0%) suffered from chronic neurological con-
ditions, and 9 (31.0%) were found to have various immunocom-
promising conditions (Table 2). The skin lesions of all patients
improved after the administration of antiscabietic treatment.
For the 29 specimens that were positive by the coxI PCR,
sequencing of the PCR product (GenBank accession no.
KR477839 to KR477867) showed 98% nucleotide sequence
identity with that of the S. scabiei type hominis coxI gene (Gen-
Bank accession no. AY493388.1) (Fig. 2). In the study, 2% of the
skin scraping specimens required additional purification for
DNA extraction. S. scabiei DNA was not found in environmental
samples taken from the immediate surroundings of the patient
with crusted scabies, including bedside tables and lockers, bedside
rail, curtains, and drip stands. The detection limit of the coxI
qPCR was 10 copies per reaction of extracted DNA, correspond-
ing to a Cvalue of 36, while the validity of the test conditions and
the absence of PCR inhibitors were safeguarded by the use of an
internal control, which had a C.value of 28 (Fig. 3). The S. scabiei
parasite DNA copy number was significantly higher for the mi-
croscopy-positive specimens than the microscopy-negative spec-
imens (median parasite DNA copy number, 3.604 versus 2.457
log,, copies per reaction; P = 0.0213) (Fig. 4). All DNA samples
extracted from specimens with Demodex folliculorum, Demodex

TABLE 1 Performance of microscopy and coxI PCR of skin scraping
specimens for diagnosis of scabies

No. of samples with the following microscopy

result:
cox] PCR result Positive Negative Total
Positive 17 12 29
Negative 0 71 71
Total 17 83 100
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TABLE 2 Clinical characteristics of the 29 scabies patients in the current study

Result for:

PCR-positive,

PCR-positive,

microscopy-positive microscopy-negative All patients tested P

Characteristic patients (n = 17) patients (n = 12) (n=129) value
Median (range) age (yr) 83 (75-92) 87 (62-98) 87 (62-98) 0.610
No. of M/no. of F* (sex ratio) 2/10 (1:5) 8/9 (1:1.1) 11/18 (1:1.6) 0.126
No. of patients with the following characteristics:

Long-term-care facility resident 15 9 24 0.622

Neurological condition” 12 8 20 1.000

Other immunocompromising condition® 7 2 9 0.234

Missed or wrong diagnosis before scabies was diagnosed 0 1 1 0.414

“ M, male; F, female.

? Includes Alzheimer’s disease and vascular dementia, previous cerebrovascular disease, noncommunicable state, and bed-bound or chair-bound condition.
¢ Systemic lupus erythematosus (n = 1), end-stage renal disease (n = 1), diabetes mellitus (n = 6), and pemphigoid (1 = 2).

brevis, Dermatophagoides pteronyssinus, and Dermatophagoides
farinae and colonies of Candida, Microsporum, Epidermophyton,
and Trichophyton were negative by the cox] PCR. All negative
controls, including skin scrapings from normal skin, were also
negative by the cox1 PCR.

Skin swab specimens were collected from the wrist, elbow, an-
kle, finger web, scalp, and popliteal fossa of the patient with

crusted scabies at different points in time before and after initia-
tion of treatment. All of these body sites were positive by conven-
tional and real-time cox! PCR. Before treatment (day 1), qPCR
showed a higher S. scabiei DNA copy number in swab specimens
taken from the wrist, finger web, and popliteal fossa than in those
taken from the elbow, ankle, and scalp. As expected, the S. scabiei
DNA copy number from all body sites began to decrease after
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74‘fbDermawp}wgaides farinae (NC013184.1)

Dermato pteronyssinus (HQ823623.1)

0.05

T

Dermanyssus gallinae (AM921858.1)
Demodex brevis (KC917255.1)

—
1000

[
e "
Demodex folliculorum (KC917254.1)

FIG 2 Phylogenetic tree showing the relationships among patient isolates, human skin mites, pathogenic zoonotic mites, and common house dust mite
species. A total of 193 nucleotide positions in each coxI gene was included in the analysis. The tree was constructed using the neighbor-joining method
and rooted using Cheyletus malaccensis (GenBank accession number KC507902.1). The bootstrap values calculated from 1,000 trees are shown when they are
=70%. The scale bar indicates the estimated number of substitutions per 20 bases. The names and accession numbers (in parentheses) are presented as cited in

the GenBank database.
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initiation of treatment and became undetectable at day 14, day 21,
and day 28 (Fig. 5). Interestingly, the S. scabiei DNA loads in the
elbow and finger web showed an initial increase on day 1 to day 3
(range, 3.85 X 10° t0 9.27 X 10> copies per reaction) and day 1 to
day 2 (range, 1.46 X 10* to 3.88 X 10* copies per reaction), re-
spectively (Fig. 5).

DISCUSSION

Scabies is the latest addition to the World Health Organization list
of neglected tropical diseases (24). The disease is generally consid-
ered to be the most prevalent in resource-poor communities and
is associated with overcrowding and poverty. However, high-in-
come countries are not immune to scabies, and outbreaks in in-
stitutions and health care facilities are not infrequent (5-10, 25).
Nosocomial outbreaks can sometimes be extremely protracted,
with huge numbers of secondary cases being found in patients and
health care workers and tertiary cases being found in family mem-
bers of affected health care workers (26, 27). One of the most
important risk factors for nosocomial outbreaks is failure to rec-
ognize, isolate, and treat scabietic patients, especially those with
crusted scabies (5, 28). Misdiagnosis of scabies is not uncommon,
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owing partly to the multifarious manifestations of scabies but also
the lack of clinical awareness by attending clinicians (19, 29, 30).
The classical burrows, though present, are often not readily visible
and may require dermoscopy and the burrow ink test to facilitate
their detection (31, 32).

In contrast to the epidemiology cited in the literature, a 10-year
review of the demographics of scabietic patients in our cluster of
hospitals showed that scabies is rare among children and adoles-
cents in our patient populations (33). Scabies is, in our setting,
predominantly a disease of the elderly, especially in those residing
in long-term-care facilities (Table 2). This pattern is echoed in
some developed countries, where a high incidence of scabies
among the elderly population in seen (34, 35). Nevertheless, we
are uncertain whether this is a genuine situation territory-wide or
whether pediatric scabies patients were being managed in the pri-
mary care and outpatient settings and, hence, scabies may not
have been diagnosed by our hospital-based laboratories. As noted
previously in the literature, we also found that dementia and other
debilitating neurological conditions (resulting in a bedridden sta-
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FIG 5 Quantitative cox] PCR results with samples from different skin sites of
a crusted scabies patient after commencement of treatment.
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tus) were prevalent among our scabietic patients, with a substan-
tial proportion (13.6% of all episodes) of recurrent infections be-
ing detected (36, 37). Most of these recurrent episodes probably
represented reinfections rather than treatment failure with per-
methrin or benzoyl benzoate emulsion, because the majority of
these episodes occurred months to years apart (data not shown).

We developed and evaluated a PCR test to explore alternative
means of diagnosis to minimize the delayed and missed diagnosis
of scabies. NAATSs have been shown to offer substantial improve-
ments in sensitivity compared to that of conventional microscopy
for the diagnosis of various parasitic infections. Demonstration of
S. scabiei in skin scrapings from crusted scabies patients is rela-
tively simple because of the huge number of mites present. The
problem with the diagnosis of ordinary scabies lies not only in
the difficulty with the identification of the burrows but also in the
relatively small number of mites present. It is estimated that only
10 to 15 mites are present in a patient with ordinary scabies, in
contrast to the 1,000 to over a million present in patients with
crusted scabies (38, 39). This partly explains the poor sensitivity of
skin scraping microscopy, which is only about 50% (20, 40). We
have shown that our PCR assay not only detected scabies in all 17
microscopy-positive patients but also confirmed the diagnosis in
an additional 12 patients. Although these 12 patients were nega-
tive by microscopy, the PCR results most likely represented gen-
uine infections because of the clinically compatible skin lesions,
the resolution of symptoms after initiation of antiscabietic treat-
ment, and the specificity of the PCR, as confirmed by sequencing
of the product. Using PCR as the diagnostic “gold standard,” the
sensitivity of conventional microscopy was 58.6% in our series.
Using response to antiparasitic treatment as the gold standard, the
sensitivity, specificity, and positive and negative predictive values
were 100%, 100%, 100%, and 100%, respectively, with PCR and
58.6%, 100%, 100%, and 85.6%, respectively, with microscopy.

Previous molecular studies of S. scabiei in animals and humans
have utilized various gene targets, such as microsatellites, ITS-2
ribosomal DNA (rDNA), mitochondrial 12S/16S rRNA, and S.
scabiei myosin heavy chain genes (41-48).

In the three studies evaluating the role of PCR in the diagnosis
of scabies, S. scabiei microsatellite 15 (Sarms 15), S. scabiei myosin
heavy chain genes, or ITS-2 rDNA was used, but relatively few
sequence data for these genes are available in GenBank (41-43).
Moreover, two studies tested the PCR assay with mite samples or
skin biopsy specimens, but relatively few clinical specimens, like
skin scrapings, were tested (41, 43). Additionally, the 2-tube
nested PCR used by Fukuyama et al. is prone to cross contamina-
tion (42). Therefore, we developed a conventional and real-time
PCR assay targeting the coxI gene for scabies. To our best knowl-
edge, no real-time PCR for the diagnosis of scabies has yet been
reported in the literature. We chose the coxI gene as the PCR
target in our study because it is relatively conserved and is widely
separated from the coxI genes of other common human ectopara-
sites on the phylogenetic tree (Fig. 2) and a large amount of se-
quence data is available. The coxI gene appears to be a good target
for the molecular detection of S. scabiei. There are no high se-
quence similarities between the S. scabiei primer sequences used in
this study and the coxI sequences of other human skin mites,
pathogenic zoonotic mites, and common house dust mite species.
The use of a mitochondrial gene target can potentially improve the
sensitivity of the PCR because of the large number of mitochon-
dria and, hence, the large number of gene copies present in each
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arthropod cell (49). In addition, the use of skin swabs may be a
potential alternative to the use of skin scrapings for S. scabiei PCR,
but this method will require further evaluation in future studies.
Using a skin swab for PCR rather than the conventional scraping
technique for microscopy could be advantageous, as it circum-
vents the need for good-quality skin scrapings, the collection of
which depends on the expertise of the health care workers in iden-
tifying the most likely sites of infection and in obtaining sufficient
skin samples. While microscopy relies on the visualization of
mites and/or eggs within the skin scrapings, PCR does not rely on
demonstration of these arthropod structures. We postulate that
mite excreta and its cellular DNA are incorporated into the cells of
the stratum corneum, which then appear in the squames and are
detectable by PCR. On the basis of this postulation, the increased
sensitivity of PCR over microscopy, as demonstrated in this study,
can therefore be explained by the fact that mites do not have to be
physically present in the scrapings or swabs for the detection of
their DNA. If lesional skin swabs are indeed a viable alternative to
scrapings due to the higher sensitivity offered by the PCR assay,
the process of sampling of patients for scabies could potentially be
simplified, especially during outbreak investigations, where a
large number of patients may have to be screened. It also mitigates
the difficulties with the detection of the burrows, which is neces-
sary for the conventional method of clinical diagnosis.

As in the case of the molecular detection of other pathogens,
DNA may persist in the clinical specimens for some time after
successful treatment. Treatment failure cannot be confirmed
solely by the presence of detectable DNA. In the only crusted sca-
bies patient evaluated in the present study, we noticed that the
PCR result turned negative by day 14 after antiscabietic treatment.
In the analysis of the historical cohort of patients with scabies in
our cluster hospitals, we empirically used persistently positive mi-
croscopy for over 4 weeks as a cutoff. This is based on the epider-
mal transit time of normal skin. S. scabiei normally inhabits the
stratum granulosum layer of the skin (31). In normal skin, it takes
about 14 days for the cells to progress from the stratum basale to
the stratum corneum and another 14 to 20 days before they are
desquamated (50, 51). The time for renewal of the stratum cor-
neum is prolonged in the elderly, with renewal often requiring
more than 30 days (51). Since the acquisition of skin specimens for
scabies PCR, be it skin scrapings or swabs, generally involves sam-
pling of the stratum corneum, we can expect the persistence of
mite DNA for at least 2 weeks and possibly longer in the elderly,
who predominate among our hospitalized scabies patients.

We encountered only one crusted scabies patient in our series.
Serial monitoring by qPCR assay showed that mite DNA disap-
peared by 2 weeks after treatment (Fig. 5). Interestingly, swabs
from the finger webs and elbow showed an increase in the DNA
load on days 2 and 3 after treatment, respectively. The increase was
only modest (less than 1 log unit) and could have been due to
either sampling variation or release of the DNA from the mites
after they were killed by permethrin. The temporal persistence of
mite DNA in cases of ordinary scabies should be studied in the
future to better understand the kinetics and aid with the interpre-
tation of PCR results. Although we failed to find any mite DNA in
the swab samples taken from the immediate surroundings of this
patient, we cannot exclude the possibility that the environment
and fomites play roles in the transmission of scabies. Previous
studies have demonstrated the presence of mites in dust samples
in the vicinity of scabies patients, and our sampling method may
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not have been sensitive enough to detect the small amount of mite
DNA in the environment (31, 52). Further improvements in en-
vironmental sampling techniques that increase the quantity of
desquamated skin in these samples may increase the sensitivity of
the PCR assays for environmental surveillance. If the PCR assay
can be adopted for screening of fomites and samples from the
environment, it may prove valuable for surveillance in the noso-
comial and long-term-care settings for the early identification of
scabietic patients, where the implementation of timely treatment
and control measures is essential for the prevention of outbreaks.

A small number of reports in the literature also demonstrated
the usefulness of PCR for the diagnosis of scabies (41, 42). In
particular, PCR was positive for some patients who had condi-
tions clinically compatible with scabies but who were microscopy
negative, as shown in our study (42). This technique can therefore
be considered an adjunct method for the diagnosis of scabies,
especially in microscopy-negative suspected cases, outbreak in-
vestigations, or environmental sampling when large quantities of
specimens are sampled.

Each test of our conventional PCR assay and qPCR was esti-
mated to cost approximately $6.70 and $11.0, respectively,
whereas the cost of microscopy is $3.90. Although PCR assays are
more expensive, the higher sensitivity facilitates identification of
even microscopy-negative scabietic patients. This means that in-
fested patients can be identified at an early stage, when their par-
asitic load is still low, and infection control measures and treat-
ment can be initiated before significant transmission occurs,
minimizing the risk of outbreaks. This advantage may outweigh
the associated cost of the assay in developed countries, where out-
breaks have been associated with significant cost and service dis-
ruptions (5, 8). Furthermore, if NAATS are proven to be of value
for the diagnosis of scabies, modification of PCR to other formats,
such as loop-mediated isothermal amplification, may potentially
improve its accessibility in resource-limited settings. In most clin-
ical scenarios, the conventional PCR assay will suffice as a diag-
nostic tool and the extra cost of gPCR would not be justified, as the
addition of a quantitative result is unlikely to influence manage-
ment.

The potential limitations of our study include the relatively
small number of patients studied and the lack of sequential studies
in ordinary scabies patients. The kinetics of PCR positivity in both
ordinary and crusted scabies patients must be further studied. We
have tested the utility of lesional skin swab specimens for PCR
from only one crusted scabies patient. The potential role of swabs
in addition to scrapings should be examined with a larger number
of patients in the setting of both ordinary scabies and crusted
scabies.

Conclusion. Our study showed that cox] PCR of skin swab
samples has a better sensitivity for the diagnosis of scabies than
microscopic examination. Although PCR may not replace micros-
copy as the diagnostic test of choice, it may have a role in aiding the
diagnosis of scabies in patients with atypical presentations, out-
break investigations, and environmental studies.
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