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 Scabies is still a health problem in the world. In Indonesia, the 

prevalence of scabies in 2017 was 6% of the total population. The 

diagnosis of scabies can be established clinically by finding its four 

cardinal signs. However, mostly in practice, the clinical symptoms are 

atypical, resemble other manifestations of skin diseases, such as eczema 

and/or impetigo, or the patient presents with secondary infection and 

lichenification. This may cause misdiagnosis that leads to unfair 

treatment. Consequently, the patient does not recover and continues to 

be a source of infection for their environment. Since clinical and 

microscopic diagnosis is difficult, this study aims to evaluate molecular 

detection to identify scabies infestation in suspected patients and 

compare it to clinical diagnosis. The skin scrapings used as samples in 

this study were collected from Darul Ishlah Islamic Boarding School 

students. The subjects were selected using a cross-sectional survey 

formula to determine the sensitivity and specificity of the clinical 

diagnosis method compared to PCR, which was the targeted Cox-1 gene. 

Out of the 53 patients diagnosed clinically with scabies, 50 were S. 

scabiei positive on PCR examination, and 8 additional positive PCR 

results were from 35 clinically negative patients. When compared with 

the IACS 2020 criteria, a significant difference in proportion was 

discovered between clinical and molecular diagnoses. Therefore, the 

PCR sensitivity in diagnosing scabies infestation was 94.1%, 77.3% 

specificity, 87.5% accuracy, 86.2% positive predictive value, and 90% 

negative predictive value. The results showed that PCR can be used to 

detect scabies infestation as an evidence-based diagnostic tool. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Scabies is a skin disease caused by infestation and sensitization to the Sarcoptes scabiei mite and its 

products. It is common among people living in densely populated environments and poor hygiene. In 2017, 

the World Health Organization (WHO) stated that scabies is a neglected tropical disease (NTD) that 

requires large-scale monitoring. Furthermore, WHO estimated that more than 300 million people or 
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approximately 3% of the world's population are infected with scabies [1]. In Indonesia, the prevalence of 

this disease was 6% of the total population in 2017 [2]. 

 

The diagnosis of scabies is easy to establish based on clinical manifestation when there are four cardinal 

signs, namely nocturnal pruritus, mites are detected on laboratory examinations, a group of people suffers 

from the same disease, and there are swelling/papules/vesicles/pustules in the predilection site or the whole 

body. When the clinical symptoms are atypical, resemble other skin diseases, covered by eczema and/or 

impetigo, or the patient presents with secondary infection, and lichenification, the clinical diagnosis 

becomes difficult to establish [3]. Diagnosis based on clinical symptoms is less efficient and has a 

sensitivity of less than 50% because it is difficult to distinguish between active infestations, residual skin 

reactions, or reinfestation [4]. Misdiagnosis leads to unfair treatment, causing a decline in patients' 

recovery, and remains a source of infection for the environment. However, when the diagnosis is carried out 

early and the patient is immediately given scabicide, treatment resistance can arise. The resistance to 

permethrin is due to misdiagnosis, misuse of drugs, non-adherence to treatment, and inadequate medication. 

The increase in resistance rates is limited to a region, therefore, it is not the same in all countries and is 

directly proportional to the number of scabicides used [5]. 

 

A definite diagnosis of scabies is carried out by discovering the mites or their eggs on laboratory 

examination, however, they are difficult to discover because only a few infest. Meanwhile, a previous study 

in Philadelphia stated that out of 900 scabies sufferers, an average of only 1-5 mites were discovered per 

patient. In a study at an Islamic boarding school in Jakarta, the prevalence of scabies was 72.6%, but only 8 

mites were detected from all sufferers [3]. 

 

Although mites and their products are difficult to discover, laboratory tests need to be carried out, 

specifically where atypical scabies is suspected. There are 10 types of laboratory tests to diagnose scabies, 

namely skin scraping, picking up mites with a needle, skin swab/swab, burrow ink test, histopathological 

examination, dermoscopy, in vivo S.scabiei imaging method, intradermal skin test, antibody detection by 

ELISA, and polymerase chain reaction (PCR). [3] 

 

Based on pathogenesis, the mitochondrial cytochrome C oxidase subunit 1 (cox1) gene fragments of the 

small S.scabiei mite material can be detected in the host skin due to its sensitivity to the enzymatic 

amplification of the gene. The Cox 1 gene is relatively well conserved, with sequences that have no 

relationship with other human skin mite species, pathogenic zoonotic mites, or the prevalent house dust 

mite species [6]. 

 

Since clinical and microscopic diagnosis is difficult, this study attempts to identify scabies infection 

molecularly. Therefore, it is assumed that the results can help clinicians to provide the proper antiparasitic 

treatment. 

 

2. MATERIAL AND METHOD 

This study was conducted within January - June 2021 using a cross-sectional design and the data were 

collected once without intervention. The samples were processed in the Laboratory of the Department of 

Parasitology, Faculty of Medicine, Universitas Indonesia. The sample was skin scrapings collected from the 

students at the Darul Ishlah Islamic Boarding School, and the age range of the subjects was 12 - 21 years. 

All students were examined to obtain the number of samples according to the calculation. The subjects were 

selected using a cross-sectional survey formula to determine the sensitivity and specificity of the clinical 

diagnosis method compared to PCR. 
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he magnitude of the prevalence value used was based on a study by [7], which stated that the incidence of 

scabies infection in an Islamic Boarding School in East Jakarta was 51.6%. Based on this formula, the 

number of samples required is 47 people, which was included in each group. 

 

2.1 Clinical Diagnosis 

The determination of the clinical diagnosis is conducted by 5 doctors by detecting 2 out of the 4 cardinal 

signs of scabies, namely pruritus nocturnal, mites found on laboratory examination, group of people 

suffering from the same disease, and tunnels/papules/vesicles/pustules in the place of predilection or the 

whole body [8]. 

 

2.2 Skin Scrape Sample Collection 

Skin scraping samples were collected from 88 patients using a scalpel by removing the part of the skin to be 

scraped several times with a cotton swab soaked in alcohol. Meanwhile, the scraped part needs to be the 

part with the active lesion using a scalpel. Subsequently, the skin scrapings were placed in the slide, 

dropped with KOH 10% solution, and covered with cover glass. 

 

2.3 Microscopic Examination 

The results of the skin scraping sample were viewed under a microscope with a 10x45 magnification to 

detect the presence of mites or eggs. 

 

2.4 DNA isolation 

S. scabiei DNA extraction from skin samples was carried out using a QIAGEN DNeasy kit (Hilden, 

Germany) according to the kit procedure. A sample of 200 µl was mixed with 180 µl of ATL buffer, freeze 

and thawed approximately 15 times. Furthermore, 20 µl of proteinase K was added and incubated overnight 

(24 hours) at 56oC, while 200 µl of AL buffer was added and incubated again for 10 minutes at 70oC. After 

incubation, the samples were added to 200 µl of 100% ethanol and vortexed for 15 seconds and transferred 

to the mini-column. The mixture was centrifuged at 8000 rpm for 1 minute and replaced with a new 

collection tube. The DNA was washed with 500 µl of buffer AW1 and centrifuged at 8000 rpm for 1 

minute, which was later replaced with a new collection tube, washed using 500 µl of buffer AW2 based on 

the previous step, centrifuged at 13,000 rpm for 3 minutes, and was continued for another 1 minute to 

remove the residue. Finally, the tube was replaced with a sterile 1.5 mL Eppendorf tube, and 100 µl of AE 

buffer was added, followed by incubation at room temperature for 10 minutes and centrifugation at 8000 

rpm for 1 minute, and the aliquot was stored at -20oC until the PCR is conducted. 

 

2.5 PCR Reaction 

Samples detection of specific DNA from S.scabiei targeted cox-1 gene was carried out using the primers 

and probes in line with previous studies cox1F: 5’- ATGATTTCTATTGCAACTTTAGG-3’ and cox1R: 5’- 

TTGCTCAATACATAGAGGGGTTA-3’ [9]. 

 

Amplification was carried out in 25 uL PCR reaction, which consists of 3 μL of the DNA sample, 0.5 μL 

MgCl2 2 mM, 12.5 μL TopTaq mastermix (Qiagen, Hilden Germany), 1.25 μL Cox-1 primer 500 µM, and 

7.75 μL ddH2O. The PCR condition was 95°C for 10 minutes for the denaturation step, subsequently, the 

reaction was continued with 95 °C for 1 minute, 55 °C for 1 minute, and 72 °C for 1 minute, and repeated 

for 40 cycles. 



N. H. Khamees, K. I. Noel and S. A. Eleiwe, 2022                                                Azerbaijan Medical Journal 

 

3556 
 

Patients who were clinically positive for scabies and those who negative were included in the PCR. Based 

on the amplification, the samples were fractionated via gel electrophoresis using 2% agarose gel 

(ThermoFisher Scientific, Massachusetts USA) with DNA 100 bp size markers (Promega, Wisconsin USA). 

The DNA fragments were visualized through gel red staining (Biotium, California USA) 

 

2.6 Data Analysis 

The data were analyzed using SPSS 22.0, while the percentage of positive cases was determined 

descriptively. A Chi-square test was used to differentiate each percentage of Sarcoptes scabiei infection 

cases detected by clinical methods and PCR. 

 

2.7 Ethical Clearance 

This study has obtained ethical approval from the Ethical Committee of Faculty of Medicine, Universitas 

Indonesia (No. 136/UN2.F1/ETIK/PPM.00.02/2021). 

 

3. FINDINGS 

The samples used in this study were 126 students at the Darul Ishlah Islamic Boarding School, South 

Jakarta. Description of the characteristics of the respondents in this study based on education level were 

then divided into junior high school and senior high school (Table 1). 

 

Table 1. Characteristic of Subjects 

Education Level 

Has complaint No complaint Total 

Clinically 

positive 

Clinically 

nnegative 

  

Junior high school 39 students 19 students 11 students 69 students 

Senior high school 14 students 16 students 27 students 57 students 

Total 53 students 35 students 38 students 126 students 

 

Out of the 53 students who were clinically diagnosed with scabies, not all had distinctive cardinal signs. 

Various skin disorders in scabies patients indicate that S. scabiei infestation can provide clinical symptoms 

similar to other skin diseases, therefore, it is called an excellent imitator. Furthermore, there were no cases 

of crust scabies reported, while the predilection for the skin disorders of students with scabies is not unique. 

However, only 7 students showed tunnel lesions. 

 

Skin scrapings were carried out on 53 students who were clinically diagnosed with scabies. The scrapings 

are taken to the parasitology laboratory for examination using a microscope and their diagnosis was 

grouped according to the IACS 2020 criteria (Table 2) [10]. 

 

Table 2. Diagnosis Classification Based on IACS 2020 

Diagnosis Diagnosis Criteria Total 

A. Confirmed scabies A1: 0 

A2: not done 

A3: not done 

0 student 

B. Clinical scabies B1: 7 students 

B2: 5 students 

53 students 
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B3: 41 students 

C. Suspected scabies C1: 19 students 

C2: 16 students 

35 students 

 

The PCR result was further visualized by gel electrophoresis as described in figure 1 and an amplicon 

length of 250 bp with Cox-1 primer of the sample was obtained. The proportion of clinical and molecular 

diagnosis is shown in Table 3.  

 

Table 3. Difference in Proportion of Clinical and Molecular Diagnosis 

Diagnosis 

PCR 

Clinically 

positive 

Skabies 

Clinically 

negative Skabies 

Total 

Positive 50 8 58 

Negative 3 27 30 

Total 53 35 88 

 

Furthermore, the result showed that there is a significant difference in molecular diagnosis compared to 

clinical diagnosis (p<0,05). The sensitivity and specificity of PCR are 94.1% and 77.3%, while PCR 

accuracy, positive predictive value, and negative predictive value are 87.5%, 86.2%, and 90%, respectively. 

 

4. DISCUSSION 

Scabies is a skin disease caused by the infestation and sensitization of the Sarcoptes scabiei mite. It is 

closely related to personal hygiene and the living environment, which often occurs in people living together 

in densely populated settlements with a close contact for a long time, such as in boarding schools with high 

occupancy density, orphanages, children care, a nursing home for elderly, prison, and evacuation [3]. 

Although scabies can be detected at any age, it affects children more often than adults. In this study, it was 

discovered that 53 children (59%) had scabies and is in line with a retrospective study on 823 children in 

Ghana in 2017, [11] which showed that scabies is the second most common skin disease in the pediatric age 

group. This showed that children are more prone to scabies because of their lower immunity, poor hygiene, 

and play with close contact more often. 

 

The results showed that that 39 children (73%) with an education level equivalent to junior high school 

suffered the most from scabies. This indicated that the higher a person's education level, the more the level 

of knowledge, including health increases. Therefore, with an increase in education, it is assumed that 

knowledge about scabies also increased. However, several studies in boarding school show that the 

prevalence of scabies is not related to the education level of students [3]. 

 

Clinical diagnosis and sampling of skin scrapings were only carried out on males of the Islamic boarding 

schools because they often suffer from scabies and pay less attention to personal hygiene than females. 

Similarly, a previous study by [12] in Iran also showed that the prevalence of scabies was higher in males. 

 

Meanwhile, the physical examination also discovered several other skin diseases such as fungal infections, 

allergic/contact dermatitis, pityriasis rosea, and folliculitis, because the sampling day coincided with the 

aftermath Jakarta floods on February 20, 2021 [13]. These diseases can mask the cardinal signs of scabies 

which makes the clinical diagnosis becomes difficult to enforce. However, 38 students (31%) had no 
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complaints, and no skin abnormalities were found on physical examination. This occurred because some 

students are already practicing clean and healthy living habits, also several of them may have history of 

treatment before. 

 

Out of the 53 students diagnosed with scabies, not all had distinctive cardinal signs such as papules, 

erythematous, vesicles, plaques, erosions, hyper/hypopigmentation, squama, excoriation, and macules. 

Meanwhile, various skin disorders in scabies patients indicate that S.scabiei infestation provides clinical 

symptoms similar to other skin diseases. However, there is no uniqueness in the predilection for the skin 

disorders of students with scabies. Based on the results, only 7 students showed tunnel lesions, while 45 

students have a predilection for typical skin disorders, which was between the fingers. However, 5 students 

did not show distinct predilection on the back, arms, and legs. 

 

All students with skin disorders were subjected to skin scrapings to be used and a total of 53 samples from 

students with scabies were examined microscopically, however, there were no Sarcoptes scabiei mites 

detected. This occurred because the clinically positive patients have a false negative result on microscopic 

examination due to low sensitivity. Meanwhile, a study in Ghana stated that all skin scraping was negative 

for scabies on microscopy [11]. Besides that, the accuracy of microscopic examination depends on expertise 

of operator to find lesions, how to scrape, preparation and interpretation. Negative result on microscopy 

does not exclude diagnosis, as microscopy is frequently negative in patients with clinically diagnosed 

scabies. It is also invasive, may be poorly tolerated in children and impetiginized lesions may obscure mite 

location [14]. 

 

Previous studies showed that the sensitivity of PCR in scabies patients varies between 60 - 89% based on 

clinical prediction [13- 15]. However, there is no reference on the standardized scabies test, therefore, the 

IACS 2020 criteria were used as the reference standard in this study. Based on the IACS 2020 criteria, there 

were 53 students with a clinical diagnosis of scabies and 35 students with a suspicious diagnosis of scabies. 

 

Furthermore, PCR reactions were carried out on all samples with Cox-1 gene targets using Cox-1 primers. 

Out of the 53 students clinically diagnosed with scabies, 50 samples were positive on PCR. Meanwhile, out 

of the 35 clinically negative students, 8 samples were positive on PCR. Compared to clinical diagnosis, it 

was discovered that molecular examination of PCR has sensitivity, specificity, accuracy, positive and 

negative predictive values of 94.1%, 77.3%, 87.5%, 86.2%, and 90% respectively. 

 

Misdiagnosis of scabies is still common due to various clinical manifestations and the low awareness of the 

examiner [17]. Therefore, a molecular examination is carried out as an alternative diagnosis to minimize 

delays and misdiagnosis of scabies. A study by [4] showed that PCR offers a significant improvement in 

sensitivity compared to conventional microscopy for the determination of multiple infections and parasitic 

infestations. 

 

Skin scrapings in crustous scabies patients are relatively simple because of the large number of infected 

mites. However, in patients with common scabies, the problem includes the difficulty of identifying tunnel 

lesions and the small number of mites infested. An estimation showed that only 1-10 mites are present in 

each patient with common scabies, while predilection for the presence of mites is not ascertained, even 

when skin scraping is conducted on the most common typical lesions. In contrast to the presence of 100 to 

nearly thousands of mites on crustous scabies, the cases are very rare [18]. This describes the low sensitivity 

of microscopic skin scrapings. 
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Previous studies stated that PCR can identify cases that can not be confirmed by microscopic or clinical 

examination. This hypothesis is in line with this study, which showed that PCR detected scabies in 50 

clinically diagnosed patients and confirmed an additional 8 patients. Although the 8 patients were negative 

both clinically and microscopically, the PCR results represent the true infestations due to non-specific 

clinical lesions that are easy to scrape, symptom improvement after initiation of antiparasitic treatment, and 

the specificity of the PCR. 

 

However, 3 patients were clinically positive but negative on PCR, which can be caused by the genetic 

diversity of S.scabiei. In a recent study, it was shown that the S.scabiei var hominis mite is generally 

distributed into 3 genetically distinct clades. The study sequenced the Cox-1 gene on 60 human skin 

samples and showed that the mites can be divided into 3 genetically different clades, even though the 

samples were taken from the same region [18]. In addition, it also occurs from atypical predilection, 

inadequate sample scraping, and previous use of 5% permethrin cream [20]. 

 

Previous S.scabiei molecular studies in humans used other target genes, such as the microsatellite gene, 

ITS-2 ribosomal DNA (rDNA), mitochondrial 12S/16S rRNA, and myosin heavy chains [13], [20], [21]. In 

these studies, both intact mite samples and skin biopsy specimens were used, little sequence data for these 

genes were available on GenBank, and no skin scrapings were used. Furthermore, the 2 PCR-nested tubes 

used by [13] were prone to cross-contamination. Therefore, this study used the Cox-1 gene as a target based 

on Bae et al. [9] which showed that the Cox-1 S.scabiei gene is relatively conserved and separated from 

other human ectoparasite Cox-1 genes according to the phylogenetic tree and the number of sequence data 

available. This indicated that the Cox-1 gene makes a good molecular detection target for S.scabiei. 

 

In this study, the use of skin scraping samples was based on the knowledge that mite excreta and their 

cellular DNA are incorporated in cells in the stratum corneum, which appear in the scale and can be 

detected by PCR. Therefore, the increased sensitivity of PCR can be explained since the physical 

appearance of mites is not required in the skin scrapings to detect their DNA. This also reduces the 

difficulty of locating tunnel lesions which are essential in clinical diagnosis by conventional methods [6]. 

 

According to [4], PCR results can be negative at 14 days after anti-scabies treatment based on the epidermal 

transit time of normal skin. Generally, S.scabiei lives in the stratum granulosum layer of the skin, and it 

takes 14 days for cells to progress from the stratum basale to the corneum and another 14-20 days for the 

desquamation process. Since skin specimen retrieval for PCR generally involves the stratum corneum, it is 

possible to suspect mite DNA persistence for at least 2 weeks in humans. Therefore, the persistence of mite 

DNA in common scabies can be further investigated for better interpretation of PCR results. 

 

However, the limitations of this study include the consensus criteria for the diagnosis of scabies that depend 

on expert opinion. Therefore, further studies are needed to determine whether these criteria can be used to 

evaluate the clinical potential of new diagnostic trials. Secondly, scraping the skin for PCR depends on the 

technician's expertise in obtaining a good quality leather sample. Further studies are needed based on the 

diagnostic performance of the various scabies tests depending on the expertise in scraping the skin. Third, 

this study only involved a small number of patients, which provided a slight difference in sensitivity 

between clinical examination and PCR. Finally, this study only enrolled male students that can be 

potentially bias for gender. 

 

5. CONCLUSION 

The results showed that there is a significant difference between the proportions of clinical and molecular  



N. H. Khamees, K. I. Noel and S. A. Eleiwe, 2022                                                Azerbaijan Medical Journal 

 

3560 
 

diagnoses. The diagnosis of scabies by PCR compared to clinical diagnosis had a sensitivity of 94.1% and a 

specificity of 77.3%. Furthermore, the diagnosis of scabies by PCR had a positive predictive value of 86.2% 

and a negative predictive value of 90%. Therefore, PCR has the potential to be an evidence-based 

diagnostic tool for scabies infestation. 
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