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Abstract Sarcoptes mite from collection to DNA extrac-
tion forms the cornerstone for studies on Sarcoptes scabiei.
Whilst the new science era took a shy leap into the different
facets of mite studies, the cornerstone was almost entirely
neglected. Mite collection, cleaning, storage and DNA
extraction were, basically, humble attempts to extrapolate,
adapt, modify or ‘pirate’ those existing methods to the
peculiarities of Sarcoptes research. These aspects usually
constituted few lines, bashfully mentioned, in the materials

and methods section of some papers, which arose in unique
problems concerning cost-effectiveness, time profitability,
safety and even worse, the credibility of the results, creating
contradictory conclusions in some cases. This ‘noisy’
situation encouraged us to collect, classify and review, for
the first time to our knowledge, some aspects relating to
studies on Sarcoptes mite from collection to DNA
extraction, which will be useful for further studies on
Sarcoptes, and have implications for the effective control of
the diseases Sarcoptes mite causes. Further studies are
needed, especially to compare the profitability, safety,
sensibility and specificity of the different methods of this
neglected realm of the ubiquitous ectoparasite.

Introduction

Worldwide, Sarcoptes scabiei causes mange in companion,
livestock and wild mammals and scabies in humans. It has
a very broad host range, including more than 100
mammalian species belonging to 27 families and ten orders
(Bornstein et al. 2001; Pence and Ueckermann 2002).
Scabies is the first disease of man with a known cause, and
its causative agent Sarcoptes mite was described and
illustrated by the Italians Bonomo and Cestoni in 1689
(Montesu et al. 1991).

However, whilst recent advances are providing new
insights into scabies mite biology and genetic mechanisms
(see Mounsey et al. 2008, for a review), genetic studies on
S. scabiei have been extremely limited. This is primarily
due to the difficulty in obtaining sufficient numbers of
individual mites (in ordinary scabies, less than ten
organisms can be identified per host; Mellanby 1944) and
adequate amounts of genetic material (because of the high
rate of failed reactions; Walton et al. 1997; Cruickshank
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2002; Berrilli et al. 2002; Alasaad et al. 2008c). Moreover,
many molecular techniques are not universally applicable to
mites because of the general lack of DNA sequence and
genetic information (Weeks et al. 2000).

The epidemiology, morphology, pathology, diagnosis,
management, control, treatment, host–parasite interaction
and genetics of S. scabiei have been discussed, in detail, in
recent reviews (Burgess 1999; Navajas and Fenton 2000;
Bornstein et al. 2001; Pence and Ueckermann 2002;
McCarthy et al. 2004; Walton et al. 2004b; Heukelbach
and Feldmeier 2006; Hengge et al. 2006; Walton and Currie
2007). The purpose of this review article is not to duplicate
or repeat, but rather to supplement and complement those
reviews, where Sarcoptes mite collection, cleaning, storage,
disruption and genomic DNA (gDNA) extraction have not
been discussed properly (Table 1). Such knowledge will be
useful to facilitate Sarcoptes mite diagnosis and morpho-
logical examination and to encourage the wider use of mite
experimental infestations, in vitro bioassays and molecular
studies.

Studies on profitability, safety, sensibility and specificity
of the different methods of Sarcoptes mite from collection
to DNA extraction were limited in mite literature (Alasaad
et al. 2009). Under these circumstances, the criteria that we
used to compare and classify the different methods were
mainly based on the authors’ personal experience.

Mite collection

Aqueous potassium hydroxide digestion technique

This technique is in large use to recover Sarcoptes mites
from live and dead hosts since the direct microscopic
examination of scrapings or pieces of the mangy skin is
often not worth the effort.

The first application was described by Hopkins (1949),
and then it was modified by Cook (1954). The basic
technique consists of skin digestion by trypsin and the

dissolution of the skin and the hair by KOH. This recovery
technique was the subject of many modifications and
improvements during the last years. The aim of those
modifications/improvements was to optimise skin digestion
by the incubation at different temperatures for several hours
and to improve mite observation and counting condition by
mite concentration, using centrifugation method, flotation
method or a combination of both (Table 2). Using one or
both concentration methods at the same time is more
efficient than the direct examination of the KOH solution
(Alonso et al. 1998). Heating is not required and even
resulted in a poorer visibility of the morphological features
(Zahler et al. 1999).

The purpose of the collected mites, in this case, is for
Sarcoptes diagnosis (which includes the determination of
the intensity of mite infection) and/or mite morphological
examination since no mite biological quality is required for
this purpose. Although this technique is characterised by
high sensibility, mites collected by KOH digestion are not
fit for experimental infestation, in vitro bioassays or DNA
extraction purposes (Table 3).

Postponed (post-frozen) collection technique

Alasaad et al. (2008a, d; 2009) reported that frozen skin
(‘postponed isolation’ method) is suitable source for mite
diagnosis purpose and/or for the extraction of PCR-quality
gDNA, where the mangy skins were conserved at −20°C
for long time. This could be an alternative method for
Sarcoptes mite collection since mite collection for these
purposes is usually reported from fresh skins, using
somewhat labour-intensive and time-consuming techniques
(e.g. Brimer et al. 1993; Smets and Vercruysse 2000;
Shanks et al. 2000), with their associated risk of field
personnel infestation (Menzano et al. 2004).

Post-frozen isolation is a suitable and recommendable
method for Sarcoptes mite diagnosis and gDNA prepara-
tion, particularly when performing a balancing act among
safety, practicability and profitability.

Table 1 Step-by-step Sarcoptes mite from collection to DNA extraction

I III

Sarcoptes  collection

KOH digestion

Post-frozen collection Dry storage

Wet scraping Mangy skin freezing storage Mechanical disruption

Dry scraping Ethanol storage Thermal disruption 

Adhesive tape Dry ultra-cold freezing storage Chemical disruption

Heating stimulation Wet ultra-cold freezing storage Enzymatic disruption 

Heating/vibration stimulation Live mite storage

II

Sarcoptes  storage 
IV

Sarcoptes  DNA extraction

D
is

tr
u
c
ti

v
e

Sarcoptes  cleaning 
Non-destructive

The coordination between the different steps from collection to DNA extraction is represented by the size of boxes. The black bars represent the
frequency of mite DNA extraction methods in the literature
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Wet scraping technique

Wet scarping can bemadewith the following: (1)mineral oil—
One or two drops of mineral oil are applied to the lesion, which
is then scraped or shaved. The collection step is followed by
mite transfer to a microscope slide under a coverslip and mite
examination using a dissecting microscope within 24 h
(Leibowitz 1994; Walton et al. 1999a). (2) Distilled water—
The scraping is made by a scalpel or similar bladelike tool on
Petri plates, and this step is followed by dilution of crusts in
tap water and collection of dead mites with a needle under a
dissecting microscope (Alasaad et al. 2008c).

Dry scraping technique

In this case, skin scrapings are made with a scalpel or
similar bladelike tools to the point of oozing blood on the
living or dead host, then samples are transferred to a
microscope slide under a coverslip and viewed using a
dissecting microscope within 24 h (Walton et al. 1999a).

Fthenakis et al. (2000) described, in detail, the dry skin
scraping for live animals as follows: Skin scrapings from
three lesion sites bordering healthy tissue were obtained
from each animal, and approximately 1 cm2 at each site was
scraped. A scalpel blade was dipped into glycerine; a skin
fold was pinched between the forefinger and the thumb and,
whilst holding the blade at right angle to the skin, scraped
until blood seeped from the abrasion. Samples were
examined within 6 h of collection.

Wet and dry scraping could be rapid methods for mite
diagnosis and collection, but the sensibility and specificity
should be lower than the other mite collection methods,
taking into account that (1) no total digestion of the mangy
skin is done and that (2) these methods have a lack of mite
concentration (centrifugation/vibration), comparing to HOK
digestion method. The final purpose of these two techniques
is mite diagnosis and/or morphological examination. As
well, they could be used for Sarcoptes mite DNA extraction
since no high biological quality is required for mite DNA
extraction (Walton et al. 1999a; Zahler et al. 1999).

Table 3 Sarcoptes mite collection methods, together with the mite final study purposes

Sarcoptes  collection Examples
KOH digestion Bornstein et al. 2001 
Post-frozen collection Alasaad et al. 2009
Wet scraping Alasaad et al. 2008c
Dry scraping Diagnosis and /or Fthenakis et al. 2000 
Adhesive tape morph. examination Katsumata and Katsumata 2006 
Heating stimulation Exp. infestiation and/or Shanks et al. 2000
Heating/vibration stimulation  in vitro  bioassays Sheahan and Hatch 1975

Safety Bio. quality

DNA extraction

Sarcoptes  final study purpose

The black bars represent the safety of the collection methods for the handling personnel and the quality of the collected mites for the biological
studies

Table 2 Step-by-step Sarcoptes mite recovery technique based on KOH digestion

I II IV

Sucrose solution (50%) 

KOH (10%) Room temperature for 1 to 2 h III Liebisch and Petrich (1977) 

Alonso et al. (1998) Zahler et al. (1999)

KOH (10%-20%) 20 ºC for 6-12 h

Bornstein et al. (2001) Shanks et al. (2000) 500x g for 2-3 min

37 ºC for 8 h Mumcuoglu (1990) 

León-Vizcaíno et al. (1999)

37 ºC for 24 h

Alonso et al. (1998) 

Cook (1954) 45±2 ºC for 18±2 h  800 g  for 5 min 

Mumcuoglu (1990) Saturated glucose for 10 

León-Vizcaíno et al. (1999) 
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Adhesive tape technique

The standard method of diagnosis for scabies by wet/dry
skin scraping requires some skill. Therefore, Katsumata and
Katsumata (2006) employed the adhesive tape method to
catch the mites, using a strong transparent adhesive tape
commercially available for packing use, as an alternative
method for the diagnosis of scabies infestation. After firmly
applying the adhesive side of the tape onto an appropriate
skin lesion of patients, the tape was pulled off and
transferred directly onto a slide for microscopy, affixing
the adhered separated part of the corneal skin.

With adhesive tape technique, we could observe some
mites moving around and also see a striated structure with
dark red or weak red colour or grey colour granule-like
constitution on the body of some mites. This technique
should be useful for mite DNA extraction. Notwithstand-
ing, this technique is not recommended for epidemiological
studies on Sarcoptes mite since it serves for mite diagnosis
only in cases of severe mite infestations.

Heating stimulation technique

Heating stimulation techniques are successful in recovering
Sarcoptes mite from live or dead hosts. On the living host,
deep skin scrapings are made with a scalpel or similar
bladelike tool to the point of oozing blood, whilst in the
case of dead hosts, pieces of mangy skin are removed. Skin
scrapings or pieces of mangy skin are placed in a Petri dish.
Heating from the light source of a stereomicroscope (for
∼1 h) stimulates mites to migrate from the skin. Mobile
mites are separated under a stereomicroscope (Bornstein et
al. 2001). The heating temperature for this technique ranged
between 28°C and 37°C, and the incubation time reported
was 10 min (Shanks et al. 2000), 30 min (Walton et al.
1999a; Smets and Vercruysse 2000) or 1–3 h (Brimer et al.
1993; Bornstein et al. 2001; Brimer et al. 2004). Pérez
(2002) reported small modifications of this technique,
where small pieces of mangy skins from naturally infected
Iberian ibexes were collected into Petri dishes, and the
dishes were placed on black background (except a small
transparent central circle). Heating from the light source of
a stereomicroscope (for ∼18 h) focussed on the lower part
of the dishes stimulated mites to migrate from the skin
pieces to the transparent central circle because of the
resulting temperature gradient.

Heating and vibration stimulation techniques

The heating source in these techniques is a magnetic stirrer
hot plate. Skin of mangy animals and parakeratotic crust are
placed in Petri dishes in a metal tray, which is vibrated and
warmed by a magnetic stirrer hot plate. This stimulates

mites to move out of skin and parakeratotic crust. Then, Petri
dishes are examined with a stereomicroscope (Sheahan and
Hatch 1975; Skerratt 2001; Skerratt et al. 2002).

Both methods (heating and heating/vibration stimula-
tion) are suitable for mite diagnosis, morphological exam-
ination, DNA extraction, experimental infestation and/or in
vitro bioassays since the collected Sarcoptes mites are live
and with high biological quality. Nevertheless, these
methods should not be used for mite diagnosis or for the
epidemiological studies on Sarcoptes since we can collect
only live stimulated Sarcoptes mite, and this is not a
criterion for mite diagnosis and is not representative of mite
intensity in the mangy skin, or at least no study was done to
estimate such relation between the real mite population size
in the mangy skin and the live collected mites. Another
handicap of the heating/vibration stimulation techniques is
that these techniques are relatively labour intensive, time
consuming and may arise risk for field personnel infestation
(Alasaad et al. 2009).

Mite cleaning

The aim of the so-called mite cleaning is to remove,
partially, the external micro-flora of the live mites collected
with live mite recovery techniques. It was applied by
Brimer et al. (2004) on S. scabiei var. suis as follows:
Scrapings from the inside of the ear of infected slaughter-
house pigs were transferred to empty polystyrene Petri
dishes, which were subsequently incubated at 35°C for 1–
2 h. Mobile mites were separated under a stereomicroscope
and transferred to Petri dishes containing solidified sterile
agar (Columbia agar base 40 g/l and 5% v/v horse serum).
The agar plates with the mites were incubated at 35°C for
30 min.

Mite cleaning is a useful practice for mite infestation
and/or in vitro bioassays. It could be applied before mite
DNA extraction (Table 1).

Mite storage

Dry storage

This mite storage method could be useful for morphological
studies, but drying is not generally good for DNA
extraction, and therefore mites collected from museum
specimens may not be suitable for molecular work
(Cruickshank 2002).

Freezing storage of mangy skin

See “Postponed (post-frozen) collection technique” section.
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Ethanol storage

The universally used storage method for diagnosis and/or
morphological examination of mites is to fix Sarcoptes
samples in 70% alcohol (e.g. Walton et al. 1999a; Berrilli et
al. 2002). Ethanol storage is also widely used for Sarcoptes
DNA extraction purpose since the other storage methods,
which guarantee mites with high biological quality (dry/wet
ultra-cold freezing and live storage), are not always
practicable. An acceptable alternative is mite storage in
100% ethanol (at −20°C if possible) as soon as possible. At
lower concentrations of ethanol, the DNA is rapidly
degraded, giving variable results, and hence, it should be
avoided if at all possible (Weeks et al. 2000). However,
mites stored in ethanol as low as 70% for many years can
give good yields of DNA (Walton et al. 1999a; Berrilli et al.
2002). Using acetone as an alternative to ethanol is also
possible (Fukatsu 1999).

Dry ultra-cold freezing storage

Evidence from insects suggests that the most effective
method for preserving specimens for molecular work is
ultra-cold freezing (−80°C) of live specimens (Post et al.
1993; Reiss et al. 1995; Dillon et al. 1996). Walton et al.
(1999a) used the dry ultra-cold freezing storage at −20°C.
Weeks et al. (2000), Skerratt (2001) and Skerratt et al.
(2002) stored mites at −70°C, whilst Walton et al. (2004a)
stored at −80°C.

Wet ultra-cold freezing storage in digestion buffer

In this method, Sarcoptes mite samples are placed into
digestion buffer and then stored at −80°C. Walton et al.
(1997) used 50 mM Tris–HC1, 1 mM EDTA and 0.5%
sodium dodecyl sulphate (SDS; pH 8.5) as digestion buffer
and stored at −70°C. Mounsey et al. (2005) used 500 mg/ml
proteinase K, 50 mM Tris–HCl, 1 mM EDTA and 0.5% SDS
(pH 8.5) as digestion buffer and stored at −80°C.

Dry and wet ultra-cold freezing storage methods guar-
antee a high quality of the stored mites for DNA extraction
purpose. Drawbacks of these techniques derive from the life
history of Sarcoptes samples, where opportunistic ones are

often collected in remote areas (Dagleish et al. 2007), and
hence the practicable use of the other mite storage methods,
like the freezing storage of mangy skin.

Live mite storage

This storage technique is usually used for mite experimen-
tal infestation and/or in vitro bioassays since the time that S.
scabiei can live out of the host (time-off) is so limited for
this kind of experiments. Detailed studies by Arlian et al.
(1984) demonstrated that human and canine scabies mites
are capable of surviving for 24–36 h at room conditions
(21°C and 40–80% relative humidity) and still remain
infective and capable of penetration. However, the time
required for complete penetration of the epidermis in-
creased as a function of time-off the host, attesting to the
mite’s weakened condition. Therefore, live storage for this
purpose (experimental infestation and/or in vitro bioassays)
will be quite short, to circumvent differences in survival
ability. Brimer et al. (1993, 1995) mentioned the possibility
of storage of scrapings to be used for harvesting of live
mites in closed vials at 4°C for 2–3 days. Walton et al.
(2000) reported the examination of the mites, utilised for in
vitro bioassay, within 3 h of collection. Skerratt (2001)
informed that mites were either kept at room temperature or
kept at 10°C overnight before being transferred to exper-
imental wombats.

Ideally, it would be preferable to directly utilise
Sarcoptes mite samples for their final study purpose.
Nevertheless, such ‘idealism’ is not always available, or at
least not workable, with mite ‘investigation reality’. An
acceptable alternative is the storage of the collected mite
samples. More or less, mite time storage depends on the
final purpose of the collected parasites and on the required
mite biological quality. On the other hand, mite time
storage has big repercussions on the effectiveness and
profitability of the mite studies (Table 4). For instance, the
quality of mite DNA depends on the storage conditions of
specimens prior to extraction and subsequent extraction
protocol (Weeks et al. 2000). Moreover, the ratio of mite
PCR failed reactions is highly influenced by the quality of
mite storage methods. Walton et al. (1999b) reported more
than 50% of failed PCR reactions, supposedly, related to the

Table 4 Sarcoptes mite storage methods, together with the time and temperature of storage

Sarcoptes  storage Storage temperature Storage time Examples
Dry storage Room temperature undetermined Cruickshank 2002
Mangy skin freezing storage From -20˚C  to -80˚C Years Alasaad et al. 2008a
Ethanol storage Room temperature Years Berrilli et al. 2002
Dry ultra-cold freezing storage From -20˚C to -80˚C Years Walton et al. 2004a 
Wet ultra-cold freezing storage From -20˚C to -80˚C Years Mounsey et al. 2005 
Live mite storage From 4˚C to 10ºC Up to 2-3 days Brimer et al. 1993

Bio. quality Time-off

 

The black bars represent the quality of the collected mites for the biological studies and mite time-off the host
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delay in transporting the skin scraping. Alassad et al.
(2008d) informed of 39% failed reactions; hence, the severe
effect of mite storage method on the profitability of mite
DNA extraction, taking into account the low parasite charge
of Sarcoptes in the ordinary scabies (less than ten
organisms can be identified per host; Mellanby 1944), and
therefore the required high rate of successful reactions.

Mite disruption and DNA extraction

Numerous publications described the preparation of gDNA
from mammalian and invertebrate tissues (e.g. Henry et al.
1990; Cockburn and Fritz 1996; Truett et al. 2000). These
methods, often designed for cultured cells and tissues,
generally require some form of cell lysis followed by
deproteination procedures and subsequent DNA recovery
(Sambrook et al. 1989). Nevertheless, the nature of S.
scabiei, namely the small size (adult females measure 300–
500×230–340 μm and adult males 213–285×160–210 μm
wide; Fain 1978) and the difficulty in disrupting (because
of the hard chitinous exoskeleton), prevented the direct
application of DNA extraction methods, designed for
invertebrate tissues, on Sarcoptes mite genetic studies.
The playing key roles of the disruption methods, on mite
DNA preparation, formed the background of our following
classification of mite DNA extraction methods. Neverthe-
less, the literature on Sarcoptes mite DNA preparation is
swarming with combinations of different mite disruption
methods (Table 1).

Destructive mite DNA extraction

Mite DNA extraction based on enzymatic disruption

Proteinase K digestion is a common alternative for rapid
preparation of un-purified PCR-quality DNA from many
tissues (Truett 2006). Originally, proteinase K was
employed to remove histones and other proteins, which
bound so tightly to DNA that they resisted extraction with
phenol alone (Hilz et al. 1975). Published methods for the
extraction of DNA from the Acari rely on the use of
proteinase K and SDS extraction buffers in conjunction
with phenol extraction and DNA concentration by ethanol
precipitation (Dobson and Barker 1999; Passos et al. 1999).
Nevertheless, there were no reports using only proteinase
K, without any disruption method, to extract Sarcoptes mite
gDNA because of the chitinous exoskeleton of this hard-
bodied ectoparasite. Proteinase K has been usually used
with the combination of other mite disruption techniques
(Walton et al. 1997; Zahler et al. 1999; Berrilli et al. 2002;
Mounsey et al. 2005), which will be discussed in the
following.

Mite DNA extraction based on chemical disruption

Walton et al. (1999b) used the chemical disruption
technique described by Beige et al. (1995) for DNA
extraction from Mycobacterium tuberculosis to extract mite
gDNA: Pre-treatment with 2.5% N-acetyl-L-cysteine–
NaOH solution was applied, then the cell pellets were
lysed with 100 μl of 50 mM NaOH for 15 min at 95°C
under an oil overlay, then material was neutralized with
1 M Tris–HCl (8 μl per 50 μl of NaOH). Mite DNA
extraction based on chemical disruption also was reported
by Weeks et al. (2000) as follows: Individual or pooled
mites were collected and crushed in 100 μl of CTAB buffer
(100 mM Tris, 20 mM EDTA, 1.42 M NaCl, 2% PVP-40
and 2% CTAB), vortexed for 10 s, incubated at 65°C for
15 min and vortexed again for 10 s. This was followed by
adding 1 volume of chloroform/iso-amyl-alcohol (24:1),
mixing the solution slowly and centrifuging at 12,000 rpm
for 15 min at room temperature. The supernatant was then
transferred to a sterile 500 μl test tube with 2 volumes of
ice-cold 100% ethanol and 1/10 volume of NaAc (3 M)
added and subsequently stored at −20°C for 30 min. After
incubation, the test tube was centrifuged at 12,000 rpm for
20 min at 4°C. After centrifugation, the supernatant was
removed, leaving behind the pellet of DNA, which was
then vacuum-dried for 10 min and dissolved in 20–40 μl of
sterile water.

Mite DNA extraction based on thermal disruption

The protagonist factor in these disruption methods is the
change of temperature. Alasaad et al. (2008b) reported a
new technique for preparing PCR-quality Sarcoptes mite
gDNA, namely HotSHOT Plus ThermalSHOCK. This
technique was based on some modifications of the
HotSHOT technique, which has been widely used on
different tissue types (Truett et al. 2000). The sodium
hydroxide (25 μl), the first reagent, was applied as a
substrate for three cycles of thermal shock (2 min at −80°C,
freezing step, and 15 s atc +70°C, thawing step), followed
by a short incubation (95°C for 30 min) and pH adjustment
with a 25 μl Tris solution (HotSHOT Plus Thermal-
SHOCK). No difference in performance was observed
between HotSHOT Plus ThermalSHOCK and the tradition-
al DNA preparation using proteinase K digestion, conclud-
ing that DNA prepared by HotSHOT Plus ThermalSHOCK
is as good as the DNA prepared by the traditional method.
No effect was observed of heating time on the yield of
soluble Sarcoptes mite DNA prepared by HotSHOT Plus
ThermalSHOCK technique, with the recommendation of
heating time between 20 and 60 min. This technique was
time saving, economic and easily automatable for the
preparation of PCR-quality mite DNA.
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Mite DNA extraction based on mechanical disruption

In these methods, the basic rule was the snap freezing of
mite samples, followed by the mechanical disruption using
a mortar, needlepoint, pestle, micro-fuge tissue grinder or a
motorised micro-pestle. Walton et al. (1997) used a micro-
fuge tissue grinder to crush the mites used for preparation
of DNA for cloning. Mites were stored previously into
digestion buffer at −70°C. Firstly, a high-speed homogeni-
sation with a micro-fuge tissue grinder was required
(Kontes, cat. no. 749540). Fifty to 100 mites per micro-
fuge tube were re-suspended in 0.5 ml of GES (5 M
guanidinium thiocyanate, 100 mM EDTA and 0.5%
sarkosyl). The suspensions were homogenised with the
micro-fuge tissue grinder for 5 min and 0.25 ml of 7.5 M
ammonium acetate added. After extraction with chloro-
form/iso-amyl alcohol (24:1) and ethanol precipitation, the
DNA was re-suspended in TE (1 mM Tris–HC1, 0.1 mM
EDTA, pH 8.0). Zahler et al. (1999) used the mechanical
disruption method to extract the DNA from isolated mites
or skin scraping (less than 100 mg), not single mites, as
follows: Skin scrap or isolated mites were frozen in liquid
nitrogen and ground to a fine powder in a mortar. The
powder was re-suspended in 400 μl TET buffer (50 mM
Tris–HCl (pH 8.0), 25 mM EDTA, 100 mM NaCl, 0.4%
Triton X-100) and 5 μl (20 mg/ml) proteinase K. After
incubation at 50°C for 2 h, the DNA was extracted by
shaking with 400 μl PCI (phenol/chloroform/iso-amyl
alcohol=25:24:1), which had been saturated with 10 mM
Tris–HCl (pH 8.0) containing 1 mM EDTA. After centri-
fugation, the DNA was purified from the aqueous phase by
silica gel adsorption (Geneclean; Bio 101) and eluted in
120 μl distilled water. Skerratt (2001) and Skerratt et al.
(2002) reported slight modifications of this method, where
DNA was extracted from mites by adding 10 μl of water to
the tubes, centrifuging the tubes to ensure mites were at the
bottom, briefly placing the tube into liquid nitrogen to
freeze the mite and water, and then crushing the mite and
ice with a pestle. Then, 100 μl of water containing 5%
chelex beads (Biorad) was added to each tube. DNA was
eluted by heating the chelex solution to 97°C for 10 min.
Berrilli et al. (2002) placed individual mite samples into a
1.5-ml micro-tube and kept them in liquid nitrogen for a
few seconds to facilitate the rupture of the cell membranes.
The tissue was crushed by a pestle in 100 μl Grind buffer
(1% SDS/25 mM NaCl/25 mM EDTA) and lysed with
12 μl proteinase K (20 mg/ml). After incubation at 56°C for
2 h, DNA was purified with one phenol–chloroform and
one chloroform extraction and two ethanol precipitations.
The pellet was re-suspended in 50 μl distilled water.
Mounsey et al. (2005) used motorised micro-pestle to crush
mite samples: Frozen mites were homogenised in either 20
or 50 μl of PrepMan Ultra solution (Applied Biosystems,

Foster City, CA, USA) using a motorised micro-pestle
(Kontes). The samples were then boiled for 10 min and
cooled on ice.

Mechanical disruption methods seem to be highly
effective as numerous applications of this disruption
method have been reported in the literature of Sarcoptes
genetic studies.

From all mite DNA extraction methods, described
above, we would tend to the favour of DNA extraction
methods described by Beige et al. (1995; chemical
disruption) and Alasaad et al. (2008b; thermal disruption),
as they are single-tube methods in which the tube is entered
only twice, to add the mite samples for the lysis procedure
and to withdraw samples for the amplification procedure.
These simple lysis procedures are especially important for
controlling the risk of cross-contamination between speci-
mens. In addition, the lower risk of contamination with the
one tube alkaline preparation methods also increase the
sensitivity of the PCR system because there is no loss of
specific DNA as seen in all other DNA preparation methods
that need multiple pipetting steps and changing of tubes.

Klompen (2000) found it necessary to use two to five
mite individuals in each extraction, whilst Anderson and
Trueman (2000) used only leg tissue dissected from
individual mites. In the case of Sarcoptes mite, it is
advisable to extract DNA from single individuals, not from
pooled mite samples, to prevent mixing of distinct
genotypes, particularly if there is any question about the
identity of the mites; otherwise, we may have contradictory
conclusions. For instance, Zahler et al. (1999) did not detect
clear-cut evidence of genetic separation relating to host
species or geographic origin by analysing 23 pooled
samples of mite isolates, whereas Berrilli et al. (2002),
using the same DNA marker with DNA isolated from
individual mites, described a similar degree of genetic
polymorphism but with clear-cut evidence of genetic
separation relating to host species and geographic origin.
The difference in the results obtained may be related to the
fact that the former study was based on pooled samples,
and genetic polymorphism among single individuals may
have been underestimated. Hence, it is important to extract
DNA from individual mites, but not from pooled mites, in
order to detect the possible existence of intra-population
polymorphisms.

Non-destructive mite DNA extraction

When extracting DNA, it is usual to slide mount a few
individuals as voucher specimens so that they are available
for examination subsequent to DNA sequencing (Ruedas et
al. 2000). Ideally, the voucher specimen should be the
individual that is sequenced but this individual is usually
completely destroyed during the extraction process (Rose et
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al. 1994; Phillips and Simon 1995). Cruickshank et al.
(2001) have adapted the DNeasy Tissue Kit from Qiagen
(http://www.qiagen.com/) for non-destructive DNA extrac-
tion of lice by increasing the duration of the lysis step. This
method has also been applied to midges (Culicoides sp.),
and specimens have been successfully identified to species
after DNA has been extracted. This method has also been
tested on mites, and complete grinding of the specimen was
only found necessary for the very small mites, although
there was some loss of yield in larger mites (Cruickshank
2002). Further studies are needed to apply the non-
destructive method on Sarcoptes mite studies.

Conclusion

Only recently, attempts have been made to develop
techniques for the early identification of scabies infections
and for molecular studies on Sarcoptes mites. Severe
technical limitations, regarding to availability of sufficient
numbers of Sarcoptes mites and adequate amounts of genetic
material which underutilised molecular studies on Sarcoptes
mite, have been overcome by several approaches during the
last years. Nevertheless, there is still much to be done and
more to be understood in the epidemiology, morphology,
pathology, diagnosis, management, control, treatment, host-
parasite interaction and genetics of Sarcoptes mite, not to
mention human scabies diagnosis, which unfortunately is the
daily duty in many sanitary centres, with about 300 million
cases worldwide (WHO 2001).

This article reviews and classifies literatures regarding
sample collection, cleaning, storage, disruption and DNA
extraction of this cosmopolitan parasite, which we hope
would serve as a practical and useful guide.

Acknowledgements The authors thank Aleppo University-Syria,
Università di Torino-Italy, Universidad de Jaén-Spain, Estación Bio-
lógica de Doñana (CSIC)-Spain, RNM118 investigation group (Junta
de Andalucía-Spain) and South China Agricultural University—China
for financial support and fellowships dedicated to parasitology
research. XQZ is supported by grants from the Program for
Changjiang Scholars and Innovative Research Team in University
(Grant No. IRT0723) and the Natural Science Foundation of
Guangdong Province (Team Project, Grant no. 5200638).

References

Alasaad S, Granados JE, Cano-Manuel FJ, Meana A, Zhu XQ, Pérez
JM (2008a) Epidemiology of fasciolosis affecting Iberian Ibex,
Capra pyrenaica, in southern Spain. Parasitol Res 102:751–
755

Alasaad S, Rossi L, Maione S, Sartore S, Soriguer RC, Pérez JM,
Rasero R, Zhu XQ, Soglia D (2008b) HotSHOT Plus Thermal-

SHOCK, a new and efficient technique for preparation of PCR-
quality Sarcoptes mite genomic DNA. Parasitol Res 103:1455–
1457

Alasaad S, Soglia D, Sarasa M, Soriguer RC, Pérez JM, Granados JE,
Rasero R, Zhu XQ, Rossi L (2008c) Skin-scale genetic structure
of Sarcoptes scabiei populations from individual hosts: empirical
evidence from Iberian ibex-derived mites. Parasitol Res 104:101–
105

Alasaad S, Soglia D, Spalenza V, Maione S, Soriguer RC, Pérez PM,
Rasero R, Ryser Degiorgis MP, Nimmervoll H, Zhu XQ, Rossi L
(2008d) Is ITS-2 rDNA suitable marker for genetic characteriza-
tion of Sarcoptes mites from different wild animals in different
geographic areas? Vet Parasitol Oct. 11 (in press)

Alasaad S, Soglia D, Maione S, Sartore S, Soriguer RC, Pérez JM,
Rasero R, Rossi L (2009) Effectiveness of postponed isolation
(post-frozen isolation) method for PCR-quality Sarcoptes mite
gDNA. Exp Appl Acarol 47:173–178

Alonso F, Mendez J, Ortiz J, Martinez-Carrasco C, Albaladejo A, Ruiz
MR (1998) Evaluation of the prevalence of sarcoptic mange in
slaughtered fattening pigs in southeastern Spain. Vet Parasitol
76:203–209

Anderson DL, Trueman JWH (2000) Varroa jacobsoni (Acari:
Varroidae) is more than one species. Exp Appl Acarol 24:165–
189

Arlian LG, Runyan RA, Achar S, Estes SA (1984) Survival and
infestivity of Sarcoptes scabiei var. canis and var. hominis. J Am
Acad Dermatol 11:210–215

Beige J, Lokies J, Schaberg T, Finckh U, Fischer M, Mauch H,
Lode H, Köhler B, Rolfs A (1995) Clinical evaluation of a
Mycobacterium tuberculosis PCR assay. J Clin Microbiol 33:90–
95

Berrilli F, D’Amelio S, Rossi L (2002) Ribosomal and mitochon-
drial DNA sequence variation in Sarcoptes mites from
different hosts and geographical regions. Parasitol Res 88:
772–777

Bornstein S, Mörner T, Samuel WM (2001) Sarcoptes scabiei and
sarcoptic mange. In: Samuel WM, Pybus MJ, Kocan AA (eds)
Parasitic diseases of wild mammals, 2nd edn. Iowa State
University Press, Ames, pp 107–119

Brimer L, Henriksen SA, Gyrd-Hansen N, Rasmussen F (1993)
Evaluation of an in vitro method for acaricidal effect. Activity of
parathion, phosmet and phoxim against Sarcoptes scabiei. Vet
Parasitol 51:123–135

Brimer L, Bønløkke L, Pontoppidan C, Henriksen SA, Gyrd-Hansena
N, Rasmussen F (1995) A method for in vitro determination of
the acaricidal effect of ivermectin using Sarcoptes scabiei var.
suis as test organism. Vet Parasitol 59:249–255

Brimer L, Bak H, Henriksen SA (2004) Rapid quantitative assay for
acaricidal effects on Sarcoptes scabiei var. suis and Otodectes
cynotis. Exp Appl Acarol 33:81–91

Burgess I (1999) Biology and epidemiology of scabies. Curr Opin
Infect Dis 12:177–180

Cockburn AF, Fritz GA (1996) Isolation and purification of insect
DNA. In: Clapp JP (ed) Methods in molecular biology, Vol. 50,
Species diagnostic protocols: PCR and other nucleic acid
methods. Humana, Totowa, pp 15–23

Cook EF (1954) A modification of Hopkin’s Technique for collecting
ectoparasites from mammalian skins. Entomol News 65:35–
37

Cruickshank RH (2002) Molecular markers for the phylogenetics of
mites and ticks. Syst Appl Acarol 7:3–14

Cruickshank RH, Johnson KP, Smith VS, Adams RJ, Clayton DH,
Page RDM (2001) Phylogenetic analysis of partial sequences of
elongation factor 1α identifies major groups of lice (Insecta:
Pthiraptera). Mol Phylogenet Evol 19:202–215

730 Parasitol Res (2009) 104:723–732

http://www.qiagen.com/


Dagleish MP, Qurban A, Powell RK, Butz D, Woodford MH (2007)
Fatal Sarcoptes scabiei infection of blue sheep (Pseudois nayaur)
in Pakistan. J Wildl Dis 43:512–517

Dillon N, Austin AD, Bartowsky E (1996) Comparison of preserva-
tion techniques for DNA extraction from hymenopterous insects.
Insect Mol Biol 5:21–24

Dobson SJ, Barker SC (1999) Phylogeny of the hard ticks (Ixodidae)
inferred from 18S rRNA indicates that the genus Aponomma is
paraphyletic. Mol Phylogenet Evol 11:288–295

Fain A (1978) Epidemiological problems of scabies. Int J Dermatol
17:20–30

Fthenakis GC, Papadopoulos E, Himonas C, Leontides L, Kritas S,
Papatsas J (2000) Efficacy of moxidectin against sarcoptic mange
and effects on milk yield of ewes and growth of lambs. Vet
Parasitol 87:207–216

Fukatsu T (1999) Acetone preservation: a practical technique for
molecular analysis. Mol Ecol 8:1935–1945

Hengge UR, Currie BJ, Jäger G, Lupi O, Schwartz RA (2006)
Scabies: a ubiquitous neglected skin disease. Lancet Infect Dis
6:769–779

Henry JM, Raina AK, Ridgway RL (1990) Isolation of high-
molecular-weight DNA from insects. Anal Biochem 185:147–
150

Heukelbach J, Feldmeier H (2006) Scabies. Lancet 367:1767–1774
Hilz H, Wiegers U, Adamietz P (1975) Stimulation of proteinase K

action by denaturing agents: application to the isolation of
nucleic acids and the degradation of ‘masked’ proteins. Eur J
Biochem 56:103–108

Hopkins GHE (1949) Host associations of the lice of mammals. Proc
Zool Soc London 119:396–397

Katsumata K, Katsumata K (2006) Simple method of detecting
Sarcoptes Scabiei var hominis mites among bedridden elderly
patients suffering from severe scabies infestation using an
adhesive-tape. Intern Med 45:857–859

Klompen H (2000) A preliminary assessment of the utility of
elongation factor-1a in elucidating relationships among basal
Mesostigmata. Exp Appl Acarol 24:805–820

Leibowitz M (1994) Shave biopsy an underutilised technique in the
diagnosis of scabies. N Z Med J 107:111–112

León-Vizcaíno L, Ruíz de Ybáñez MR, Cubero MJ, Ortíz JM,
Espinosa J, Pérez L, Simón MA, Alonso F (1999) Sarcoptic
mange in Spanish ibex from Spain. J Wildl Dis 35:647–659

Liebisch A, Petrich J (1977) Zur gegenwaertigen Verbreitung und
Bekaenpfung der Rinderraeude in Norddeutschland. Deutsch
Tieraerztliche Wochenschrift 84:424–427

McCarthy JS, Kemp DJ, Walton SF, Currie BJ (2004) Scabies: more
than just an irritation. Postgrad Med J 80:382–387

Mellanby K (1944) The development of symptoms, parasitic infection
and immunity in human scabies. Parasitology 35:197–206

Menzano A, Rambozi L, Rossi L (2004) Outbreak of scabies in
human beings, acquired from chamois (Rupicapra rupicapra).
Vet Rec 155:568

Montesu MA, Cottoni F, Bonomo GC, Cestoni D (1991) G.C.
Bonomo, D. Cestoni. Discoverers of the parasitic origin of
scabies. Am J Dermatopathol 13:425–427

Mounsey KE, Holt DC, Fischer K, Kemp DJ, Currie BJ, Walton SF
(2005) Analysis of Sarcoptes scabiei finds no evidence of
infection with Wolbachia. Int J Parasitol 35:131–135

Mounsey KE, Holt DC, McCarthy J, Currie BJ, Walton SF (2008)
Scabies: molecular perspectives and therapeutic implications in
the face of emerging drug resistance. Future Microbiol 3:57–
66

Mumcuoglu KY (1990) A technique for quantitative evaluation of
ectoparasitic mites and insects of domestic animals. Exp Appl
Acarol 9:97–101

Navajas M, Fenton B (2000) The application of molecular markers in
the study of diversity in acarology: a review. Exp Appl Acarol
24:751–774

Passos DT, Ferreira CAS, da Silva SS, Richter MF, Ozaki LS (1999)
Detection of genomic variability in different populations of the
cattle tick Boophilus microplus in southern Brazil. Vet Parasitol
87:83–92

Pence DB, Ueckermann E (2002) Sarcoptic mange in wildlife. Rev
Sci Tech 21:385–398

Pérez JM (2002) Distribución, genética y estatus sanitario de las
poblaciones andaluzas de cabra montés. Universidad de Jaén,
Jaén

Phillips AJ, Simon C (1995) Simple, efficient, and nondestructive
DNA extraction protocol for arthropods. Ann Entomol Soc Am
88:281–283

Post RJ, Flook PK, Millest AL (1993) Methods for the preservation of
insects for DNA studies. Biochem Syst Ecol 21:85–92

Reiss RA, Schwartz DP, Ashworth AC (1995) Field preservation of
Coleoptera for molecular genetic analyses. Environ Entomol
24:716–719

Rose OC, Brookes MJ, Mallet JLB (1994) A quick and simple
nonlethal method for extracting DNA from butterfly wings. Mol
Ecol 3:275

Ruedas LA, Salazar-Bravo J, Dragoo JW, Yates TL (2000) The
importance of being earnest: what, if anything, constitutes a
specimen examined? Mol Phylogenet Evol 17:129–132

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual, 2nd edn. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor

Shanks DJ, McTier TL, Behan S, Pengo G, Genchi C, Bowman DD,
Holbert MS, Smith DG, Jernigan AD, Rowan TG (2000) The
efficacy of selamectin in the treatment of naturally acquired
infestations of Sarcoptes scabiei on dogs. Vet Parasitol 91:269–281

Sheahan BJ, Hatch C (1975) A method for isolating large numbers of
Sarcoptes scabiei from lesions in the ears of pigs. J Parasitol
61:350

Skerratt LF (2001) Sarcoptic mange in the common wombat,
Vombatus ursinus (Shaw, 1800). Doctoral thesis. Department of
Veterinary Science, University of Melbourne

Skerratt LF, Campbell NJ, Murrell A, Walton S, Kemp D, Barker SC
(2002) The mitochondrial 12S gene is a suitable marker of
populations of Sarcoptes scabiei from wombats, dogs and
humans in Australia. Parasitol Res 88:376–379

Smets K, Vercruysse J (2000) Evaluation of different methods for the
diagnosis of scabies in swine. Vet Parasitol 90:137–145

Truett GE (2006) Preparation of genomic DNA from animal tissues.
In: Kieleczawa J (ed) DNA sequencing II: optimizing preparation
and cleanup. Jones and Bartlett, Sudbury, pp 33–46

Truett GE, Heeger P, Mynatt RL, Truett AA, Walker JA, Warman ML
(2000) Preparation of PCR quality mouse genomic DNA with hot
sodium hydroxide and Tris (HotSHOT). BioTechniques 29:52–54

Walton SF, Currie BJ (2007) Problems in diagnosing scabies, a global
disease in human and animal populations. Clin Microbiol Rev
20:268–279

Walton SF, Currie BJ, Kemp DJ (1997) A DNA fingerprinting system
for the ectoparasite Sarcoptes scabiei. Mol Biochem Parasitol
85:187–196

Walton SF, Choy JL, Bonson A, Vale A, McBroom J, Taplin D, Arlian
L, Mathews JD, Currie B, Kemp DJ (1999a) Genetically distinct

Parasitol Res (2009) 104:723–732 731



dog-derived and human-derived Sarcoptes scabiei in scabies-
endemic communities in northern Australia. Am J Trop Med Hyg
61:542–547

Walton SF, McBroom J, Mathews JD, Kemp DJ, Currie BJ (1999b)
Crusted scabies: a molecular analysis of Sarcoptes scabiei variety
hominis population from patients with repeated infestations. Clin
Infect Dis 29:1226–1230

Walton SF, Myerscough MR, Currie BJ (2000) Studies in vitro on the
relative efficacy of current acaricides for Sarcoptes scabiei var.
hominis. Trans R Soc Trop Med Hyg 94:92–96

Walton SF, Dougall A, Pizzutto S, Holt D, Taplin D, Arlian LG,
Morgan M, Currie BJ, Kemp DJ (2004a) Genetic epidemi-

ology of Sarcoptes scabiei (Acari: Sarcoptidae) in northern
Australia. Int J Parasitol 34:839–849

Walton SF, Holt DC, Currie BJ, Kemp DJ (2004b) Scabies: new
future for a neglected disease. Adv Parasitol 57:309–376

Weeks AR, van Opijnen T, Breeuwer JA (2000) AFLP fingerprinting
for assessing intraspecific variation and genome mapping in
mites. Exp Appl Acarol 24:775–793

WHO (World Health Organization) (2001) http://www.who.int/
water_sanitation_health//diseases/scabies/en/

Zahler M, Essig A, Gothe R, Rinder H (1999) Molecular analyses
suggest monospecificity of the genus Sarcoptes (Acari:
Sarcoptidae). Int J Parasitol 29:759–766

732 Parasitol Res (2009) 104:723–732

http://www.who.int/water_sanitation_health//diseases/scabies/en/
http://www.who.int/water_sanitation_health//diseases/scabies/en/

	Sarcoptes mite from collection to DNA extraction: the lost realm of the neglected parasite
	Abstract
	Introduction
	Mite collection
	Aqueous potassium hydroxide digestion technique
	Postponed (post-frozen) collection technique
	Wet scraping technique
	Dry scraping technique
	Adhesive tape technique
	Heating stimulation technique
	Heating and vibration stimulation techniques

	Mite cleaning
	Mite storage
	Dry storage
	Freezing storage of mangy skin
	Ethanol storage
	Dry ultra-cold freezing storage
	Wet ultra-cold freezing storage in digestion buffer
	Live mite storage

	Mite disruption and DNA extraction
	Destructive mite DNA extraction
	Mite DNA extraction based on enzymatic disruption
	Mite DNA extraction based on chemical disruption
	Mite DNA extraction based on thermal disruption
	Mite DNA extraction based on mechanical disruption

	Non-destructive mite DNA extraction

	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


