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Abstract

The aim of the present study was to estimate if individual Sarcoptes mites collected 

from freezed skin (Postponed Isolation) are suitable sources of PCR-quality genomic 

DNA, and to test the effectiveness of this method comparing with the, through force of 

habit used, Direct Isolation method. Hundreds of single Sarcoptes scabiei samples, 

resulting from Direct Isolation (Live Isolation) or Postponed Isolation (Post-frozen 

Isolation), were tested using a ~ 450 bp product (ITS-2) and multi-locus 10x genotyping 

using microsatellite markers. No statistical difference was observed between the two 

isolation methods, regarding the yield of soluble DNA. Nevertheless, 19% of the 

reactions were classified as failed preparations in Direct Isolation method, while the 

ratio of unsuccessful reactions was 34% in Postponed Isolation method. Consequently, 

Post-frozen Isolation is suitable and recommended method for Sarcoptes mite gDNA 

preparation, particularly when performing a balancing act among safety, practicability 

and profitability. These results have implications for the safe and practicable mite 

collection for DNA extraction purpose, and hence the, needed, wider leap of Sarcoptes 

mite into the genetic era.
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Abstract

The aim of the present study was to estimate if individual Sarcoptes mites collected 

from freezed skin (Postponed Isolation) are suitable sources of PCR-quality genomic 

DNA, and to test the effectiveness of this method comparing with the, through force of 

habit used, Direct Isolation method. Hundreds of single Sarcoptes scabiei samples, 

resulting from Direct Isolation (Live Isolation) or Postponed Isolation (Post-frozen 

Isolation), were tested using a ~ 450 bp product (ITS-2) and multi-locus 10x genotyping 

using microsatellite markers. No statistical difference was observed between the two 

isolation methods, regarding the yield of soluble DNA. Nevertheless, 19% of the 

reactions were classified as failed preparations in Direct Isolation method, while the 

ratio of unsuccessful reactions was 34% in Postponed Isolation method. Consequently, 

Post-frozen Isolation is suitable and recommended method for Sarcoptes mite gDNA 

preparation, particularly when performing a balancing act among safety, practicability 

and profitability. These results have implications for the safe and practicable mite 

collection for DNA extraction purpose, and hence the, needed, wider leap of Sarcoptes 

mite into the genetic era.

Keywords: Sarcoptes scabiei, Sample collection method, Direct Isolation (Live 

Isolation), Postponed Isolation (Post-frozen Isolation), Genomic DNA, DNA extraction 
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Introduction

Genetic research on Sarcoptes scabiei, a worldwide distributed mite with a broad host 

range including more than 104 mammalian species, most of them free-ranging 

(Bornstein et al. 2001), has been extremely limited compared with other parasitic agents; 

this is primarily due to difficulties in obtaining suitable skin samples from different 

hosts, isolating sufficient numbers of mites and extracting adequate amounts of genetic 

material from individual mites (Walton et al. 2004). Due to inefficiencies adding at 

several points, variable proportions of failed preparations have been reported, up to 

above 50% for some batches (Walton et al. 1997; Berrilli et al. 2002). Focussing on 

Sarcoptes varieties spreading in free-ranging wildlife, additional drawbacks derive from 

the life-history of samples, often opportunistic ones collected in remote areas (Dagleish 

et al. 2007) and then submitted to unpredictable transport stresses before mites collection

(Walton et al 1997). Studies on these varieties would clearly benefit from use of freezed 

skin as source of individual mites. However, this possibility has not been explored so far 

to the best of our knowledge. Mite DNA extraction was 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; Skerratt et al. 2002), with their 

associated risk of field personnel infestation (Skerratt and Beveridge 1999; Menzano et 

al. 2004). Only Zahler et al. (1999) reported on mass DNA extraction from skin 

scrapings, not individual mites, previously frozen in liquid nitrogen and then ground to a 

fine powder in a mortar, but quantitative details on the efficiency of the technique were 

not provided. Hence, aim of this technical note was to estimate if individual Sarcoptes

mites extracted from freezed crusty skin (Post-frozen Isolation method) are suitable 



4

sources of PCR-quality genomic DNA, and to test the effectiveness of this method 

comparing with, the commonly used, Direct Isolation method.

Materials and methods

Collection of Sarcoptes scabiei

Adult mites were individually extracted from the skin of different European free-ranging 

animals (Alpine chamois Rupicapra rupicapra, Red fox Vulpes vulpes, Alpine ibex 

Capra ibex and European moufflon Ovis aries musimon from Italy; Southern chamois 

Rupicapra pyrenaica, Iberian ibex Capra pyrenaica and again Red fox from Spain). Of 

a total of 510 Sarcoptes mites: (1) 250 mites were obtained by placing pieces of freshly 

collected crusted skin or skin scrapings in Petri dishes under a 40W electric light bulb 

overnight (Sheahan and Hatch 1975). The living mites having migrated to the underside 

of the Petri dish were fixed in 70% ethanol and stored at room temperature before the 

DNA extraction. This protocol was labelled as LI (Live Isolation); (2) 260 Sarcoptes

were obtained from –20°C freezed crusted skin or skin scrapings. Freezed crusts were 

defrosted and diluted in tap water, and the dead mites collected with a needle under a 

dissecting microscope. Fixation and conservation were similar as in 1). This protocol 

was labelled as PFI (Post-frozen Isolation). Mites were identified as S. scabiei according 

to the morphological criteria of Fain (1968).
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Preparation of Sarcoptes gDNA 

NucleoSpin Tissue kit procedure (Macherey-Nagel, Düren, Germany) was applied for 

preparation of mite gDNA from all single Sarcoptes samples in this study (collected 

with Direct Isolation or Postponed Isolation methods), according to the manufacturer’s 

recommendations. The resulting volume of each single mite sample was 50 μL. 

Extracted DNA validation  

Fluorescent-based PCR analysis of microsatellite DNA

From the panel described by Walton et al. (1997) 10 microsatellites (Sarms 33, 34, 35, 

36, 37, 38, 40, 41, 44 and 45) were selected and applied with one multiplex 10x PCR as 

reported by Soglia et al. (2007). Each 15 μL PCR reaction mixture consisted of 3 μL of 

the single Sarcoptes DNA (resulting of Direct or Postponed Isolation), together with the 

PCR mixture containing all primer pairs (ranging from 0.04 μM to 0.1 μM per primer), 

200 μM of each dATP, dCTP, dGTP and dTTP, 1.5 μL of 10X PCR buffer (200 mM 

KCl and 100 mM Tris-HCl, pH 8.0), 1.5 mM MgCl2 and 0.15 μL (0.5 U/reaction) 

HotStartar Taq (QIAGEN, Milano, Italy). Samples were subjected to the following 

thermal profile for amplification in a 2720 thermal cycler (Applied Biosystems, Foster 

City, California): 15 min at 95°C (initial denaturing), followed by 37 cycles of three 

steps of 30 s at 94°C (denaturation), 45 s at 55°C (annealing) and 1.5 min at 72°C 

(extention), with a final elongation of 7 min at 72°C. 
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Microsatellite analysis

Using 96-well plates, aliquots of 12 μL of formamide with Size Standard 500 Liz 

(Applied Biosystems, Foster City, California) and 2 μL PCR product, were prepared; 

then the plates were heated for 2 min at 95°C and chilled to 4°C. Fluorescent PCR 

amplification products were analysed by ABI PRISM 310 Genetic Analyzer with POP 4 

(Applied Biosystems, Foster City, California).

Second internal transcribed spacer (ITS-2) of rRNA gene

The Second internal transcribed spacer ITS-2 (~450 bp) was amplified by PCR using

primers RIB-18 and RIB-3 as reported by Zahler et al. (1999). PCR was carried out in a 

final volume of 15 μL. The standard PCR reaction contained 3 μL of the single mite 

DNA (Direct or Postponed Isolation), 200 μM of each dNTP, 1.5 μL of 10X PCR buffer 

(200 mM KCl and 100 mM Tris-HCl, pH 8.0), 0.5 mM MgCl2 and 0.15 μL (0.5 

U/reaction) HotStartar Taq (QIAGEN, Milano, Italy). Samples were subjected to the 

following thermal profile for amplification in a 2720 thermal cycler (Applied 

Biosystems, Foster City, California): 15 min (initial denaturing) at 95°C, followed by 45 

cycles of three steps of 30 s at 94°C (denaturation), 1 min at 60°C (annealing) and 1 min 

at 72°C (extention), with a final elongation of 7 min at 72°C. The electrophoresis was 

performed on 1.5% agarose gel stained with ethidium bromide for DNA visualization 

under UV light.

Yield of soluble DNA

The yield of soluble DNA was measured, only for successful reactions, by A260:A280 

nm absorbance ratio under a spectrophometer.
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Statistical procedure

Fisher's exact test and ANOVA test were performed with SPSS software (SPSS 15.0S 

for Windows, 2003) and the null hypothesis was rejected at α < 0.05.

Results

Mites obtained by DI or PFI were tested as sources of PCR-quality gDNA by amplifying 

a ~450 bp product (ITS-2) and by multi-locus 10x genotyping using microsatellite 

markers. Overall, 5610 locus-specific reactions were carried out (510 ITS-2 and 5100 

microsatellite reactions). With Direct Isolation method, 523 (48 ITS-2 and 475 

microsatellite) reactions out of 2750 (19%) failed to be amplified, while for Postponed 

Isolation, 973 (88 ITS-2 885 and microsatellite) preparations out of 2860 (34%) were 

unsuccessful. The difference was significant (P < 0.001) (Fig. 1). The average yield of 

soluble DNA was 5.08±1.36 μg/μL (ranging from 4 to 9 μg/μL) following DI, and 

4.92±0.97 μg/μL (ranging from 4 to 7 μg/μL) by PFI, with no difference between

methods (P = 0.189) (Fig. 2).

Discussion

Data show that Sarcoptes Post-frozen Isolation method is as good as Direct Isolation 

method regarding the yield of soluble DNA. Likewise, a large proportion of dead mites 

collected from freezed skin samples is suitable for Sarcoptes gDNA preparation (66 %).

This ratio of successful reactions, 66%, is to be considered high, comparing with those

reported in mite literature (Walton et al. 1997; Berrilli et al. 2002). The Direct Isolation 
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method has 15 % higher chance of success comparing with Post-frozen method. 

Notwithstanding, the availability of skin samples suitable for DI is definitely less 

frequent due to obvious environmental and logistic difficulties, amongst them is the 

understandable reluctance of field personnel, made aware of the zoonotic risk associated 

with exposure to mites of animal origin, resulting from the manipulation of fresh 

scabietic carcasses (Bornstein et al. 2001; Menzano et al. 2004), which obviously 

compensate the difference in the ratio of successful reactions in favour of PFI. Under the

above circumstances (a wide majority in our personal experience) freezing the whole 

carcass or a large skin sample following minimum glove-mediated contact is more 

welcome and accepted protocol. The Post-frozen Isolation method is an effective and 

recommended method for mite gDNA preparation, especially when we expect to come 

into equilibrium among profitability, practicability and safety in systematic Sarcoptes 

scabiei.

Acknowledgements We would like to thank all the people who supported the 

Department of Animal Production, Epidemiology and Ecology (University of Turin-

Italy) with Sarcoptes samples, and RNM 118 research group (Junta de Andalucía-Spain) 

for supporting SA’s investigation stay in Italy. The research was supported by MURST 

contract year 2004, Prot. 2004078701_001 (LR)

Reference

Berrilli F, D’Amelio S, Rossi L (2002) Ribosomal and mitochondrial DNA sequence 

variation in Sarcoptes mites from different hosts and geographical regions. Parasitol 

Res 88:772-777



9

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. 

Manson Publishing / The Veterinary Press, London

Brimer L, Henriksen SAa, 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

Dagleish MP, Qurban Ali, Powell RK, Butz D, Woodford MH (2007) Fatal Sarcoptes 

scabiei infection of blue sheep (Pseudois nayaur) in Pakistan. Journal of Wildlife 

Diseases 43(3):512-517

Fain A (1968) Étude de la variabilité de Sarcoptes scabiei avec une revisiondes 

Sarcoptidae. Acta Zool Pathol Antverp 47:1-196

Menzano A, Rambozi L, Rossi L (2004) Outbreak of scabieis in human beings, 

acquired from chamois (Rupicapra rupicapra). Vet Rec 155:568

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. Veterinary Parasitology 

91:269-281

Sheahan BJ, Hatch C (1975) A method for isolating large numbers of Sarcoptes scabiei

from lesions in the ears of pigs. Journal of Parasitology 61:350

Skerratt LF, Beveridge I (1999) Human scabies of wombat origin. Australian Veterinary 

Journal 77:607

Skerratt LF, Campbell NJH, 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 



10

scabies in swine. Veterinary Parasitology 90:137-145

Soglia D, Rasero R, Rossi L, Sartore S, Sacchi P, Maione S (2007) Microsatellites as 

markers for comparison among different populations of Sarcoptes scabiei. Italian J 

Anim Sci 7:214-216

Walton SF, Currie BJ, Kemp DJ (1997) A DNA fingerprinting system for the 

ectoparasite Sarcoptes scabiei. Mol Biochem Parasitol 85:187-196

Walton SF, Holt DC, Currie BJ, Kemp DJ (2004) Scabies: New future for a neglected 

disease. Adv Parasitol 57:309-376

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



11

Figure legends

Fig. 1 Representative samples showing the effect of Sarcoptes mite collection method 

(Direct Isolation and Postponed Isolation) on the amplification of Sarms-41 fluorescent-

based microsatellite DNA. ‘Control’ represents no-DNA control.

Fig. 2 Effect of Sarcoptes mite collection method (Direct Isolation and Postponed 

Isolation) on the yield of soluble DNA. 
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Fig. 1
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Fig. 2


