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ABSTRACT

A scabies burrow is created by a mature female mite laying eggs through the stratum corneum, representing a
kind of scabies eruption. We have noticed that the edges of the scabies burrow sometime appear as blackish-
gray lines. We named these lines the “gray-edged line” sign, as a new feature of scabies burrows. The gray-edged
line sign has the following two tendencies: (i) it is rarely seen on the palm or sole; and (ii) when the burrow follows
a curved course, the gray-edged line often forms on the outer wall. Explaining the formation of this sign from clin-
ical findings was difficult, so the aim of the present study was to elucidate the mechanisms underlying the gray-
edged line sign. This retrospective study involved collection of data from electronic medical records of patients
treated for scabies in our department between April 2015 and February 2020. We treated 32 scabies patients,
including 4 patients with the gray-edged line sign. We analyzed clinical features, dermoscopy, histopathology and
special stains. Fontana-Masson staining showed melanin staining in three parts: feces; some keratinocytes
around the scabies burrows; and the mouth and legs of the scabies mite. The gray-edged line sign appears to

represent mite feces containing melanin.
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INTRODUCTION

Scabies is a commonly overlooked parasitic disease caused
by the eight-legged mite, Sarcoptes scabiei var. hominis. Erup-
tions caused by common scabies can be roughly divided into
three types: eruptions; red-brown nodules; and burrows.’
Among these, the scabies burrow is a specific eruption that is
useful for definitive diagnosis. Black-gray tones that are not
the delta glider sign are occasionally seen in scabies burrows,
but do not appear to have been discussed in detail. We have
noticed that the edges of scabies burrows sometimes appear
as blackish-gray lines® with the following two tendencies: (i)
they are rarely seen on the palm or sole; and (ii) when the bur-
row follows a curved course, the dark line is often seen on the
outer wall. We named these blackish-gray lines the “gray-
edged line” sign, as a new feature of scabies burrows. We
have seen more than 20 patients displaying scabies burrows
showing the gray-edged line sign over the last 12 years,
including the cases mentioned in the present study. The gray-
edged line sign is often visible to the naked eye, and is easier
to find with the naked eye than the delta glider sign. Further-
more, the sign is commonly observable using a dermoscope.
In our experience, the gray-edged line sign led to the finding of
scabies burrows efficiently and effectively, especially on the

blackish-gray lines, dermoscopic findings, mite feces, outer wall, scabies.

extremities and trunk compared with the palms or soles. How-
ever, the process leading to the formation of this sign has been
difficult to explain from clinical findings. The aim of the present
study was to elucidate the mechanisms underlying the gray-
edged line sign.

METHODS

This study was approved by the ethics committee of the
National Hospital Organization Yokohama Medical Center (ap-
proval no. 2019-38). This retrospective study involved the col-
lection of data from the electronic medical records of patients
treated for scabies in our department from April 2015 to Febru-
ary 2020. The following data were collected: age (on the day
treatment was started); sex; clinical features and course; pres-
ence of scabies burrows and gray-edged line sign; and dermo-
scopic findings, histopathological findings and special stains.

The diagnosis of scabies was divided into “confirmed” and
“suspected”. “Confirmed” was defined as a case in which sca-
bies could be diagnosed using potassium hydroxide (KOH).
“Suspected” was defined as a case in which scabies could not
be diagnosed using KOH, but the clinical course, family history,
social history and clinical features suggested scabies, and the
patient responded well to treatment.
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Figure 1. (a,c,e) Clinical photographs and (b,d,f) dermoscopic images of scabies burrows. (a,b) Images from case 15, a 69-year-old
woman, show a scabies burrow on the right lateral chest displaying the gray-edged line sign (black arrowhead) and delta glider sign
(black arrow). Oral ivermectin was administrated in three doses of 200 pg/kg at 0, 1 and 2 weeks, along with daily topical crotami-
ton cream (10%). After 1 month, all lesions had resolved. (c,d) Images from case 25, a 79-year-old woman, show the gray-edged
line sign of a scabies burrow in the forearm. She had a history of sarcoidosis, but no immunosuppressive drugs such as steroids
had been administrated for more than 1 year. (e,f) Images from case 8, a 55-year-old woman with the wake sign (dashed line) of a
scabies burrow on the palm during treatment for psoriatic arthritis. No gray-edged line sign is present.
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Figure 2. (a,b) On dermoscopy, bluish-white structures (white
arrowheads) contrasting with the gray-edged line sign or delta
glider sign are mainly seen at the center of the scabies burrow.
These are enlarged images of Figure 1b,d.

A tissue sample of the scabies burrow was excised by
scraping the epidermis with scissors. Part of the sample was
used for KOH treatment, and the remaining part was submitted
for histopathological examination. We usually use a non-con-
tact dermoscope for the diagnosis of scabies, but this study
used the DELTA 20 dermoscope (HEINE Optotechnik, Gilching,
Germany) for taking photographs with a PowerShot A590 IS
camera (Canon, Tokyo, Japan) with jelly. PowerPoint 2010 soft-
ware (Microsoft, Redmond, WA, USA) was used to adjust der-
moscopic pictures of the gray-edged line sign.

RESULTS

Clinical description of cases

We treated 32 patients for scabies during the study period.
Clinical findings for those cases are summarized in Table 1,
numbered in order of ascending age. Patients comprised 20
males and 12 females, with a mean age of 63.6 + 24.0 years
(range, 0-95). Scabies was confirmed in 25 patients (78.1%)
and suspected in the remaining seven (21.9%). Scabies was
classified as common scabies in 31 cases and crusted scabies
in one (case 31). Two cases showed suspected sexual trans-
mission, three involved medical workers not from our hospital
and four showed familial infections. When patients were intro-
duced to our department, some had been misdiagnosed with
pruritus (n = 1), prurigo (n = 3), asteatotic dermatitis (n = 1) or
eczema (n = 3). We treated all patients with all or some oral
ivermectin (200 pg/kg, two or three times/week), topical phe-
nothrin lotion (5%, two times/week) and topical crotamiton
cream (10%, daily).

Scabies burrows were seen in 16 of the 32 patients (50.0%),
with gray-edged line signs found in four (12.5%). The mean
age of patients with gray-edged line signs was 78.5 years
(range, 69-86), although the limited number of cases in this

Gray-edged line sign

study precludes any statistical evaluation of correlations
between this sign and age or sex differences.

Scabies burrows were observed on the hand and/or fingers
in eight patients, wrist in four, foot in one, trunk in three, axilla
in one, thigh in one and forearm in two (with some overlap in
cases). Gray-edged line signs were identified on the lateral tho-
rax, back and forearms, but not on the palms or soles. On the
other hand, two cases (8 and 14) showed no gray-edged line
signs of scabies burrows on the trunk and extremities. In other
words, scabies burrows on the trunk and extremities are not
always accompanied by gray-edged line signs.

We present the four cases that showed the gray-edged line
sign apparent to the naked eye and one case without the gray-
edged line sign as follows.

Case 15 involved a 69-year-old woman with the gray-edged
line sign of a scabies burrow. Multiple small erythemas and
pigmentation were seen on the trunk and scabies burrows with
gray-edged line sign were found on the right lateral chest
(Fig. 1a,b). Slight erythema was identified around the gray-
edged line sign of scabies burrows.

Case 25 involved a 79-year-old woman with gray-edged line
signs of scabies burrows in the forearm (Fig. 1c¢,d) and multiple
small erythemas on the abdomen. She had been prescribed
topical steroids 2 weeks earlier for itching, but skin eruptions
worsened and she visited our department. She was diagnosed
with scabies using KOH.

Case 26 involved an 80-year-old man who displayed symp-
tom deterioration after being treated for 4 months for pruritus
at a dermatology clinic. Small erythemas were apparent on the
wrists and back. Gray-edged line signs were identified on the
back.

Case 30 involved an 86-year-old man. He had been pre-
scribed prednisolone at 10 mg/day a week earlier because of
marked pruritus due to papuloerythroderma. Most of the ery-
thema became pigmented, with multiple scattered, small, new
erythemas. Scabies burrows with gray-edged line signs were
identified on these small erythemas on the chest and abdo-
men.

Case 8 involved a 55-year-old woman showing scabies bur-
rows with wake signS'4 on the palm (Fig. 1e,f). The scabies bur-
row did not show any gray-edged line sign, reflecting the
clinical tendency for the gray-edged line sign to be absent from
the palm or sole.

Dermoscopic images with scabies burrows

Scabies burrows with gray-edged line signs were mainly seen
on the outer wall when the burrows followed a curved course
(Fig. 1b,d). The coloration was similar to that of the delta glider
sign. The sign mostly appeared on small areas of erythema.

In addition, areas of bluish-white structures differing from
the gray-edged line sign were also apparent (Fig. 2). These
bluish-white structures were mostly found in the center of sca-
bies burrows, not at the edges. Similar to the gray-edged line
sign, this structure was rarely seen on the palms and soles.
This structure appeared unfocused or “misty” at the top.

Next, we adjusted the sharpness, contrast and brightness of
these dermoscopic images (Fig. 3b,d). The gray-edged line
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signs appeared to represent not a simple line, but rather an
array of beads, approximately 0.02-0.04 mm in width.

Histopathological findings and special stains for
scabies burrows with gray-edged line sign

Seven specimens were collected from three of the four
patients showing gray-edged line signs visible to the naked
eye (cases 15, 26 and 30). Staining with hematoxylin—eosin
showed scabies burrows in six of these seven specimens. One
hematoxylin—eosin-stained specimen from case 26 did not
show any evidence of scabies burrows. The scabies burrows
were almost all located within the stratum corneum of the epi-
dermis. Scabies mite bodies (two of six specimens, 33.3%),
eggs and eggshells (five specimens, 83.3%) and feces (five
specimens, 83.3%) were recognized in scabies burrows. The
diameter of feces was approximately 0.02-0.05 mm, approxi-
mating the width of the gray-edged line. Furthermore, necrotic
keratinocytes and pustules containing numerous eosinophils
were occasionally seen around scabies burrows in the

epidermis. In the dermis, eosinophils and lymphocytes were
sometimes identified.

Fontana-Masson staining showed melanin staining in three
parts: (i) feces; (i) some keratinocytes around scabies burrows;
and (i) the mouth and legs of the scabies mites. The melanin
concentration in some feces was shown to be high. In addition,
some keratinocytes in contact with the wall of the scabies bur-
rows were rich in melanin (three specimens, 50.0%).

Berlin blue staining did not show bleeding or iron in any
specimens. This finding is evidence that the scabies had not
reached the dermis in these cases.

Figure 4a-d offers a clear overview of the scabies burrow in
case 15, including a mite, eggs, feces and melanin-rich ker-
atinocytes. Fontana-Masson staining showed melanin in the
mouth and legs of the mite and feces. Abundant melanin was
present in the feces. In the surrounding keratinocytes, melanin
was occasionally increased. Figure 4e,f shows a section with-
out mites in the middle of the scabies burrow. The melanin in
surrounding keratinocytes was increased compared with the

.

(b)

Figure 3. (a,c) Before and (b,d) after image adjustment. After adjusting the sharpness, contrast and brightness of these dermo-
scopic images, the gray-edged line signs appear to represent not a simple line, but rather an array of beads (black arrowheads).
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Figure 4. (a,c,e) Histopathological findings (hematoxylin—eosin, original magnifications: [a] x100, [c] x200, [e] x100) and (b,d,f) Fon-
tana-Masson staining of scabies burrows showing the gray-edged line sign ([b] x400, [d] x200, [f] x200). (a-d) A scabies burrow
obtained from the right lateral chest in case 15. A mite (asterisk), eggs (black arrows) and feces (black arrowheads) are apparent.
Some melanin-rich keratinocytes are seen in contact with the wall of the scabies burrow (white arrowheads). (e,f) Scabies burrow
obtained from the back in case 26.

© 2020 The Authors. The Journal of Dermatology published by John Wiley & Sons Australia, Ltd
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(@)

(b)

(c)

o e

Figure 5. (a—c) Cross-section of a scabies burrow in case 30 (Fontana-Masson, original magnifications: [a] x200, [b] x400, [c]
x400). Multiple feces (black arrowhead) containing melanin are seen in the left wall of the scabies burrow and at the center.

Eggshells (dashed line) are evident above the central feces.

previous figure. Figure 5 shows a cross-section of a scabies
burrow. Multiple feces containing melanin were seen on the left
wall of the scabies burrow and at the center. Furthermore, an
eggshell was evident among the central feces.

DISCUSSION

Scabies burrows are created by mature female mites laying
eggs through the stratum corneum, and are sometimes also
seen in the palms, flexor surfaces of the wrists, lateral aspects
of the fingers, interdigital spaces, soles, the nipples of women
and the genitals of men.>® The burrow width is approximately
0.4 mm, approximately the same as the diameter of the mite
body. The burrow length is often more than 5 mm. Scabies
burrows are the only pathognomonic lesions for scabies. The
mite detection rate is 10-60% under microscopy using KOH.”~
® On the other hand, the sensitivity of dermoscopy for diagnos-
ing scabies was 91% in a past report.’® Dermoscopy has thus
been considered useful for identifying scabies burrows and

thus diagnosing scabies. Scabies burrows generally appear on
dermoscopy as white lines with “delta glider” (“gray delta
structures”, “hang glider”, “triangle”), “jetliner with contrail”,
“wake” or “noodle pattern” findings.®>#'%'7 The delta glider
and contrail parts of the sign indicate the gray part of the
mouth of the scabies mites and the burrow, respectively.'®'®
The wake sign shows a pattern of scales reminiscent of the
wake left on the surface of water by a moving body.3#

Based on these results, feces containing melanin were con-
sidered to mainly form the gray-edged line sign. In terms of
histopathological findings and special staining, two pigmented
parts were found on the edge of scabies burrows: feces and
some keratinocytes around scabies burrows. The first pig-
mented part represents melanin concentrated in the feces from
scabies. This is considered to represent the main component
of the gray-edged line sign. Actually, histopathological exami-
nation revealed multiple feces containing melanin seeming to
fit against the left wall on a cross-section of a scabies burrow
(Fig. 5b). In addition, after adjusting the dermoscopic images,
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epidermis

Figure 6. Hypothesized cross-section of a scabies burrow
showing the gray-edged line sign. Feces containing abundant
melanin (black arrows) appear in two forms: as the gray-edged
line sign or as the bluish-white structure. When feces contain-
ing melanin are in close contact with the wall without an over-
lying air gap, the gray-edged line sign appears relatively clear.
On the other hand, when feces containing melanin have either
a cavity or eggshells on the top, the bluish-white structure is
apparent. In addition, the bluish-white structure appears less
sharply focused when viewed from above, because the overly-
ing cavity or eggshells obscure the feces.

the gray-edged line findings appeared as a beaded array, look-
ing like a line of eggs (Fig. 3). These beads showed almost the
same diameter as the feces evident on histopathological exam-
ination. The second pigmented part represents melanin con-
tained in keratinocytes around the scabies burrows. This
melanin was considered to represent postinflammatory pig-
mentation. The melanin contained in keratinocytes alone can-
not explain this sign, which was seen less frequently inside the
curve despite the surrounding inflammation. The melanin con-
tained in keratinocytes may thus be involved in the formation
of the gray-edged line sign in a complementary manner. Given
the limited number of cases included in this study, further
investigations are needed to elucidate the mechanisms causing
the gray-edged line sign.

On dermoscopy, bluish-white structures not matching the
gray-edged line or delta glider sign were mainly found at the
center of the scabies burrow (Fig. 2). These bluish-white struc-
tures appeared “mistier” and less focused than the gray-edged
line sign, similar to the “blue-white veil” seen in melanoma.®
These structures may also be due to melanin-containing feces
(Fig. 5¢), and these tones were rarely observed in the palms or
soles, just like the gray-edged line sign. So how do the gray-
edged line sign and bluish-white structure differ? The answer
may be reflected in Figures 5 and 6. Feces at the left edge of
Figure 5 were in close contact with the wall (Fig. 5b), while
feces in the center included an overlying cavity and/or egg-
shells (Fig. 5¢). When dermoscopy was performed from directly
above, two forms resulted from the presence or absence of an
air gap. The gray-edged line sign thus seems to have a rela-
tively clear, dark tone because the feces are adherent to the
wall with minimal gaps (Fig. 6). Actually, the color tone of the

Gray-edged line sign

gray-edged line sign is similar to that of the delta glider sign,
which is caused by melanin in the mouth of the mite without
an overlying cavity. This finding supports our theory. On the
other hand, feces in the center appeared misty because the
cavity and eggshells obscure the feces.

Clinical and dermoscopic findings for the gray-edged line
sign showed two features. First, the sign was rarely seen on
the palm or sole. In our experience, the gray-edged line signs
are commonly found on the extremities and trunk, but not
always. For example, case 14 showed scabies without the
gray-edged line sign on the thigh. Among cases not included
in the present report, we have encountered scabies burrows
that initially displayed no gray-edged line sign, but developed
the gray-edged line sign within 1 week later. This sign may
thus be absent in the early phase. On the other hand, although
less frequent, gray tones without the delta glider sign are rarely
recognized on the palm or sole.

Differences in location are considered to be involved in the
production of this sign, because the scabies mite itself does
not change between parts. Melanin production is known to be
much lower at the palm and sole than in other areas.'®?° We
therefore considered that the gray-edged line sign may be
attributable to melanin.

The second clinical feature was that when a burrow follows
a curve, the sign often forms along the outside wall. Several
possible reasons may explain this clinical feature. The first is
that the anus of the mite will naturally face the outer wall when
burrowing in a curve. Feces may thus be more likely to be
deposited along the outer wall. The second reason is that the
outer curve has a U-shaped form, allowing easier collection of
feces. On the other hand, because the inner curve is n-shaped,
feces may be less likely to accumulate on the wall. These were
our hypotheses, and other factors may be involved; however, a
definitive explanation of this clinical feature is difficult to
achieve from a simple case study.

The gray-edged line sign led to efficient and effective diag-
nosis of scabies for two main reasons. First, in the extremities
and trunk, the gray-edged line sign offers a useful and informa-
tive landmark. Knowing that scabies burrows show a slightly
different color tone depending on the site is more likely to pre-
vent oversight. Not only that, the form of the scabies burrow
differed slightly by site. In this study, no wake sign was found
for scabies burrows on the trunk or extremities. The wake sign
is an afterimage on the tail of the scabies burrows and occurs
in the thick part of the stratum corneum. In other words, the
wake sign is less likely to form in the thin part of the stratum
corneum, because the tissue is lost before forming the sign.
Searching for the gray-edged line sign is thus better than
searching for the wake sign on the extremities and trunk. Sec-
ond, the gray-edged line sign is more visible to the naked eye
than other signs of a scabies burrow. The appearance of a
white linear scale with a gray-edged line sign under the naked
eye may be almost diagnostic of scabies, at least in our expe-
rience.

In summary, we propose new findings of blackish-gray lines
in scabies burrows as the “gray-edged line sign”. This sign cur-
rently shows two tendencies: (i) absence from the palm or sole;
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and (i) when a burrow follows a curve, the darker line is typically
seen on the outer wall. Our report analyzed findings from four
patients showing this sign among 32 patients (12.5%) with sca-
bies. The sign may be caused by the scabies mite eating ker-
atinocytes containing melanin. This melanin is concentrated and
released as feces, which are then arranged in a curve and
adhere to each other. In addition, the melanin contained in ker-
atinocytes was found around the scabies burrow.
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