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ABSTRACT: Scabies is an ectoparasite caused by the mite Sarcoptes scabiei var hominis, an obligate
human parasite. There are about 300 million cases of scabies in the world each year. Common predis-
posing factors are overcrowding, immigration, poor hygiene, poor nutritional status, homelessness,
dementia, and sexual contact. Direct skin-to-skin contact between 15 and 20 minutes is needed to
transfer the mites from one person to another. The diagnosis suspected with a clinical history of itch,
worse at night, affecting other family members, clinical distribution, and appearance. Definite diagno-
sis relies on microscopic identification of the mites, eggs, or fecal pellets with 10% potassium hydroxide,
ink enhancement, tetracycline fluorescence tests, or mineral oil; other methods include: epilumines-
cence light microscopy and S. scabiei DNA. The most commonly used treatment modalities are per-
methrin and ivermectin. Persistence of symptoms for 2-6 weeks after successful treatment is common.
Most recurrences are because of reinfection from untreated contacts.
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Introduction

Scabies was first described in the Old Testament
and by Aristotle. The name Sarcoptes scabiei is
derived from the Greek word “sarx” that means
flesh and “koptein” that means to cut, and the Latin
word “scabere” that means to scratch. Scabies is
an ectoparasite infestation; the mite itself was
extracted from human skin, and recognized as the
causative organism by Bonomo in 1687, and dem-
onstrated using light microscopy in the same year
and in vivo by Renucci in Paris in 1814 (1-3).

Classification

The disease is caused by the mite S. scabiei var
hominis (2). This arthropod, S. scabiei, is an obli-
gate human parasite, measuring 300-400 um (4). It
is member of the class Arachnida, subclass Acari,
order Astigmata, and family Sarcoptidae. These are
ovoid organisms with a small anterior cephalic and
a caudal thoraco-abdominal portion with hair-like
projections coming off from the rudimentary legs.
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They are easily distinguished from other arachnids
by the position of a distinct head with mouthparts
called gnatosoma, and the lack of a division
between the abdomen and cephalothorax (2,5).
The female mite (FIG. 1) is 0.3-0.4 mm in size, and
the male mite is half the size of the female (6).

The life cycle of S. scabiei begins with the mating
of adult male with a female mite. After mating, the
adult male dies and the female mite begins to lay
eggs in the skin burrow where she stays for 4-6
weeks. The female crawl at a rate of 2.5 cm/minute
on warm skin, not deeper than the stratum granu-
losum (7), and can survive 24-36 hours at room
temperature (8).

The female produces 1-3 eggs per day, hatching
after 3—4 days to finally give origin to mature larvae.
The larvae then pass through two further develop-
mental stages, protonymphs and tritonymphs,
before molting into either males or females. These
larvae eventually cut through the roof of the
burrow and reach the skin surface. The duration of
the life cycle ranges between 30 and 60 days (8).

All life cycle stages can penetrate intact epider-
mis, by the secretion of enzymes that dissolve the
skin, which is subsequently ingested. The mites can
enter the skin in less than 30 minutes. During the
first month of infection, the mite population up to
25 adult females after 50 days, and up to 500 mites

279


mailto:mihicks@geisinger.edu

Hicks & Elston

FIG. 1. Scabies mite, ova, and feces.

by 100 days (9). However, the average burden on a
normal host is 10-12 mites (7). Generally, after 3
months, mite numbers decrease rapidly. Likely
explanations include mechanical removal of the
mites by scratching, as well as the host immune
response. For example, sensitization to mite anti-
gens can be demonstrated a month after primary
infestation (9).

Epidemiology

The Royal Infirmary of Edinburgh has stored data
on infectious diseases from 1815 to 2000 (10). There
are about 300 million cases of scabies in the world
each year (11). The reported prevalence of scabies
varies from 3.8% in shelter-based investigations to
56.5% among hospitalized homeless persons. It is
more prevalent in the homeless than in the general
population. It is also highly prevalent in children,
most commonly younger than 2 years of age and in
tropical countries where scabies is endemic (12).

Scabies is most common in young children, pos-
sibly reflecting both increased exposure and, in
endemic situations, lack of immunity. Both sexes
are affected equally. Ethnic differences in scabies
epidemiology are most likely to be related to differ-
ences in overcrowding, housing, socioeconomic,
and behavioral factors, rather than racial origin.
The most common predisposing factors are over-
crowding, immigration, poor hygiene, poor nutri-
tional status, homelessness, dementia, and sexual
contact. Some reports in the literature have shown
how scabies may represent a threat for institutional
settings, mainly hospitals, prisons, kindergartens,
nursing homes, and long-term care facilities (2).
This is more common with heavily infested
patients like in crusted scabies. A lower prevalence
of infestation has been observed in African-
Americans (7).
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Some authors have reported fluctuations of
scabies every 7 years (scabies is also termed “7-year
itch”), and there are some others that report a peak
every 15-25 years, for reasons yet unknown (7),
except in areas where this disease is endemic,
for example, South and Central America, India,
South Africa, and some Australian Aboriginal
communities.

Seasonality trends of scabies have been docu-
mented. Some studies have suggested higher inci-
dence during the winter months, and the likely
explanation is mites survive longer away from the
body in cooler weather and colder weather encour-
ages overcrowding in human beings (13-16). Mites
also might be sensitive to antimicrobial peptides
contained in human sweat, leading to reduced
infestation in summer (2).

Transmission and pathogenesis

The disease is transmitted by direct skin-to-skin
contact, which is why the transmission among
family members is so common. It has been esti-
mated that a patient with conventional scabies
needs between 15 and 20 minutes of close contact
to transfer the mites from one person to another
(17).

The role of fomites is controversial; some
authors claim that this can be possible because
mites can survive more than 3 days outside the
human body and this is supported also by the
recollection of live mites from dust sample from
clothing, bedding, furniture, and floors (18), but for
some other authors, this transmission is uncom-
mon (19), but may occur in cases of crusted scabies
(8). The average patient can have between 5 and 12
mites, and it is higher in crusted scabies, where
the patient can have millions of mites, therefore
patients are more contagious especially for the
medical and paramedical staff.

Sexual transmission also occurs because the
sexual act provides close contact for the transmis-
sion of the mites. High-risk persons are men who
have sex with men, and men with sporadic sexual
contact. There are not many epidemiological
studies in scabies as sexual transmitted diseases,
but a prospective 15-year study conducted by
Otero et al. in a STD unit in Spain found that 147
patients (1.5%) were affected by the disease, and
being more frequent in males (2.1%) than in
females (1.2%) (p < 0.001) and more common
among men younger than 35 years old, who have
sex with men. Additionally, among women, the
disease was more common in alcohol abusers, and
in those using contraceptive pills (20).
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Host immune response

Once the S. scabiei penetrates the skin, it releases
substances in response to contact with kerati-
nocytes and Langerhans cells (21), initiating an
inflammatory and immune reaction that involves
multiple cell lines (22).

The reaction consists of both type I and type IV
hypersensitivity reactions. In the type I reaction,
an antigen on the mite encounters specific
immunoglobulin-E (IgE) on mast cells within the
epidermis, leading to the degranulation of mast
cells causing wheal-and-flare reactions. This is
supported by the fact that there is elevation of
IgE antibody among scabies patients, decreasing
after successful treatment (23). Additionally, cross-
reactivity between the scabies mite and the house
dust mite has been described (24). In the type IV
hypersensitivity reaction, patients that have not
had contact with the mite will have between 10 and
30 days before the rash is noticeable (23). When
patients are infected for a second time, the hyper-
sensitivity reaction may develop within a day.

Scabies exhibit strong superficial and deep
dermal and perivascular inflammatory infiltrates
composed of lymphocytes, histiocytes, and eosino-
phils, and will eventually have elevated antibody
titers specific for antigens from the parasite. There
is marked increase in the secretion of interleukin-
6 (IL-6) and vascular endothelial growth factor
(VEGEF), and slight increase in secretion of granu-
locyte colony stimulating factor (G-CSF) from
normal human epidermal keratinocytes. IL-6 is
known to stimulate the proliferation of kerati-
nocytes; on the other hand, IL-8 and G-CSF
promote monocytes becoming dendritic cells and
the proliferation of neutrophils (25). IL-6 is also
known to activate Thl CD4+ cells to secrete IL-2,
promoting their proliferation and differentiation,
to activate Th2 CD4+ cells to produce IL-4, which
drives antibody production known to increase vas-
cular permeability, initiating inflammation, which
explains the edema present in scabies lesions (22).

Previous studies that showed increased mitosis
in keratinocytes in the basal layer of the epidermis
(21,26) correlate clinically with the hyperkeratosis
seen in chronic and crusted scabies.

Molecular studies

Molecular approaches have advanced substan-
tially in the study of genetics and transmission
dynamics of S. scabiei. Data from S. scabiei com-
plementary DNA (cDNA) libraries have identified
several unique genes. Among the cDNAs encoding
for S. scabiei are homologues of the known house

FIG. 2. Burrows and excoriations in an infant with scabies.

dust mite allergens glutathione-S transferase, para-
myosin, and cathepsin-L (27).

Clinical features

Classic scabies

The most common symptoms are produced by
the host immune reaction to borrowed mites and
their products. Classic scabies is typically de-
scribed as an intense, intractable, generalized pru-
ritus, worse at night, but occasionally, patients are
asymptomatic (14).

Clinically, there is a small erythematous papulo-
vesicular rash, generally symmetrical, with predi-
lection for anterior axillary folds, nipple area in
females, periumbilical skin, elbows, volar surface
of the wrists, interdigital web spaces, belt line,
thighs, buttocks, penis, scrotum, ankles, and, typi-
cally, spare the head, face, and neck in adults, but
can be affected in infants and immunocompro-
mised individuals.

The pathognomonic lesions are the skin
burrows and scabietic nodules. The burrow is a
short serpiginous gray line measuring 1-10 mm
(28) that represents the tunnel where the female
mite lives and is found on the hands and feet, par-
ticularly on the finger web spaces, thenar, hypoth-
enar eminences. On the wrists (FIG. 2), discrete
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FIG. 3. Acral pustules in scabies.

burrows are rarely visible to the naked eye and
lesions are often dismissed as excoriated or impe-
tiginized skin (7).

To make the diagnosis a high index of suspicion
is necessary. The clinical distribution, history of
itch in other family members, at the same time, is
virtually pathognomonic.

In infants and young children, scabies affect the
scalp, face, and neck, but palms and soles are
unique to infantile scabies (4). Very young babies
do not scratch and may look miserable and feed
poorly. Clinically, brownish to pinkish nodules,
vesicles, often accompanied by plaques, pustules,
or nodules, are found. Acral pustules are common
(FIG. 3). The appearance of the rash is often altered
secondary to a bacterial superinfection or topical
steroid use. In adults, genital or groin nodules may
predominate (FIGS. 4 and 5).

The majority of the patients will complain of
an intense itch especially at night and after a hot
shower. This has been associated with a hypersen-
sitivity reaction to the excreta that the mite depos-
its within the burrow (29).

Nodular scabies

These nodules are violaceous, pruritic, and may
persist for several months, and most commonly
located on the glans, scrotum, thighs, and axilla,
and mites cannot be recovered from these nodules
(8). It is believed that this represents a form of
hypersensitivity reaction to mite antigens develop-
ing nodules, which can be misdiagnosed as chronic
lymphocytic leukemia, B-cell lymphoma or lym-
phomatoid papulosis (30), and urticaria pigmen-
tosa (31), and can be treated with intralesional
corticosteroids (32) or with topical pimecrolimus
twice a day (33).
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FIG. 4. Penile nodule of scabies.

FIG. 5. Scabies nodules.

Vesicular - bullous scabies

It is a rare clinical presentation usually in the
elderly. It mimics bullous pemphigoid clinically,
histologically, and on immunofluorescent findings
(34-36). Theories suggested that explaining the
mechanism might result from superinfection with
Staphylococcus aureus, with a mechanism similar
to the development of blisters in bullous impetigo
(37). Others think that the penetration of the
mite in the dermo-epidermal junction, or cross-
reaction with bullous pemphigoid antigen or lytic
secretions produced by the mite at the dermo-
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epidermal junction, may stimulate production of
autoantibodies that activate the complement (38).
The differential diagnosis includes pemphigoid,
pemphigus, bullous impetigo, epidermolysis bul-
losa, arthropod bite reaction, and acute contact
dermatitis (34).

Special forms of scabies

These forms are often misdiagnosed because they
are atypical on its presentation.

Incognito. This is because of topical corticosteroid
application and modifies the clinical aspect of
lesions (32). There is an association with hypereosi-
nophilia in the presence of mild reduction of
immunity (39).

Infants and young children. They are often misdi-
agnosed. Clinically, lesions are more vesicles, pus-
tules, and nodules mainly distributed on hands,
feet, and body folds. Patients can be irritable
and feed poorly (40). A dense Langerhans cell infil-
trate may be present histologically, creating the
potential for misdiagnosis as Langerhans cell
histiocytosis.

Elderly. 1t is frequently misdiagnosed with senile
pruritus, and they receive potent corticosteroid
therapy for prolonged periods of time, which can
lead to crusted scabies. The other type of clinical
presentation is bullous scabies, which can mimic
bullous pemphigoid (30,41).

Scabies of the scalp. May be associated or simu-
late seborrheic dermatitis or dermatomyositis.
More common in elderly, children, infants, immu-
nosupressed patients, and patient with crusted
scabies (8).

Crusted. Formerly known as Norwegian scabies,
the first recognition was in Norway in 1848 among
patients with leprosy. This is attributable to immu-
nosuppression (topical or systemic glucocorticoid
therapy, HIV, human T lymphotropic virus 1
(HTLV-1) infection, organ transplant patients),
mentally retarded, physically incapacitated
(30,42,43), and indigenous Australians with no
known immune deficiency.

Clinically, there are thick, gray, scaly, hyperkera-
totic, or crusted plaques typically affecting hands,
feet, knees, elbows, trunk, scalp, nail beds, and,
sometimes, the entire body (44). Mites are com-
monly found beneath the nails of affected patients,
and in crusted scabies, this can result in thickened

dystrophic nails. In normal scabies, the distal ends
of nails may harbor scabies mites, where they are
protected from topical treatment (45), but in
crusted scabies, larger mite populations may cause
subungual hyperkeratosis and longitudinal nail
splitting. Untreated nails can act as a reservoir of
infection, resulting in treatment failure with recur-
rence of symptoms months later (46).

Generalized adenopathy and eosinophilia are
present in some cases (40). Because of altered
immune response in immunocompromised sub-
jects, itch is less intense or absent in these subset
of patients and/or they have physical limitation,
lack of control, or unawareness of the defensive
scratching movements, as in neuropsychiatric
disorders, osteoarticular deformities, muscular
atrophy, or other neuromuscular problems some-
times associated with loss of sensation, hypoesthe-
sia, or anesthesia; these patients are highly infested
with mites (47).

The crusts are rich in mites, and these crusts
flake off and contaminate clothing, linens, cur-
tains, walls, floor, furniture, and the immediate
environment, where the mite remains infective
for 2-3 days. Crusted scabies carry high mortality
related to secondary sepsis (5). There was a case
reported of crusted scabies in a juvenile rheuma-
toid arthritis patient after treatment with inflix-
imab. This was thought to be secondary to its
immunomodulatory effects in cellular immunity,
which predisposed the patient to a severe infesta-
tion (48). Differential diagnosis is psoriasis (49).

Subungual scabies. This is a well-known entity but
often misdiagnosed. It manifests as nail plate dys-
trophy, which persists even after successful treat-
ment (50). It can affect several fingernails and/or
toe nails; they have a thickened, whitened appear-
ance with or without nail plate deformity and/or
subungual horny debris. This can even be the
initial manifestation of scabies (51).

Because pruritus is so constant in scabies, the
scratching may catch viable mites, which can
survive under the nails and then colonize the skin
starting from around the nail going proximally.
This will help for reinfestation in patients once they
are cured. This is why it is recommended to trim
the nails very short, followed by brushing of the
fingertips with scabicidal on consecutive several
days in addition to the regular treatment (52).

Canine. Incidence of human infection by canine
scabies is unknown and is misdiagnosed as insect
bites, papular urticaria. It is also an intensely pru-
ritic rash in areas that are in contact with the pet
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such as forearms, thighs, chest, and abdomen that
starts within 24-96 hours after being in contact
with the infected pet and is self-limited, lasting an
average of 5-13 weeks. In more complicated cases,
patients can present with fever, lymphadenopathy,
and secondary bacterial infection. The pet is easily
recognized because it presents patches of hair loss
and/or scratching. There are some reports that
suggest that repetitive exposure to S. scabiei var
canis can confer some protective immunity to var
hominis. Treatment of the dog is all that is required
(53).

Differential diagnoses include atopic dermatitis,
allergic contact dermatitis, lepidopterism, and
fiberglass dermatitis. Scabies infestation may be
misdiagnosed as adverse drug reaction (54),
Langerhans cell histiocytosis (55-57), and immu-
nobullous disease. In hot moist climates, all
patients with widespread impetigo should be
investigated for scabies.

Outbreaks

Scabies can be a threat in nursing homes and hos-
pitals. Outbreaks in these settings commonly relate
to a patient with crusted scabies because such
patients are heavily infested with mites and often
go unrecognized because of atypical presentations.
Delayed isolation or noncompliance with contact
precautions further contribute to the spread of the
infestation. Patients with senile dementia are at
higher risk for extensive skin involvement, as cog-
nitive disorders make it difficult for individuals
to communicate their symptoms and impair the
scratch response (44,58).

Diagnosis

The diagnosis should be suspected in any patient
with a clinical history of itch, worse at night, affect-
ing other family members or close contacts, and
can be made on the clinical distribution and
appearance of skin lesions. But the definite diagno-
sis relies on microscopic identification of the mites,
eggs, or fecal pellets (scybala) from the scrapings of
the skin burrows with a scalpel blade and placing
the specimen on a glass slide with 10% potassium
hydroxide, ink enhancement, tetracycline fluores-
cence tests, or mineral oil (5,7,28). The diagnosis is
made by microscopic visualization of the mite, the
burrow, the excreta, or the eggs within the skin. The
diagnosis becomes complicated in patients who
have severe hypersensitivity reactions that result
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FIG. 6. Dermoscopic image of a scabies burrow (courtesy of
Jeff Meffert, MD).

in multiple excoriations or plaques. These findings
make visualization of the mite and burrow almost
impossible. In such patients, biopsies or scrap-
ings of the papule-vesicles may be helpful, as may
India ink or gentian violet marking of burrows. To
accomplish this, the stain is painted on the skin,
and then removed with alcohol.

Newer methods to diagnose scabies include
dermoscopy (FIG. 6), detecting S. scabiei DNA from
cutaneous scales based on amplification by poly-
merase chain reaction (PCR) or by enzyme-linked
immunosorbent assay detection. For this test,
cutaneous scales are better than a skin biopsy. This
noninvasive procedure may be a helpful tool in
patients where scabies is highly suspicious, but
diagnosis cannot be proven either clinically or by
other methods such as dermoscopy or staining of
burrows with water-washable ink or topical tetra-
cycline followed by fluorescence detection with a
Wood’s lamp. This technique can also be used to
verify that appropriate treatment was done and the
mite was eradicated.

It is important to remember that S. scabiei DNA
has to be eliminated from the corneal layer after
successful treatment before executing the test
again. For this reason, it is useless to repeat the test
before at least 28 days because this is what usually
takes the epidermal cells to transition and be elimi-
nated, and dead scabies material should be com-
pleted after this time. Positive scabies PCR more
than 28 days after completion of therapy indicates
either recurrence or persistence of insufficiently
treated scabies (59).

Dermoscopy (epiluminescence light micros-
copy, ELM) is generally performed with 10x magni-
fication, which is applied directly onto skin lesions
after paraffin oil or alcohol is applied. Newer
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instruments do not require the application of a
liquid interface. The fore portion of the mite
appears V-shaped. This corresponds to head and
two pairs of legs. This is a sensitive technique, even
in inexperienced hands with acceptable specificity,
and can improve treatment decision (60). Diagno-
sis with ELM can use higher magnification (40—
1000x); here, long scabies structures can be seen,
as well as eggs and feces. Both high and low mag-
nification instruments can be used to monitor
antiscabietic therapy. Before treatment, more
mites are seen, average 3-24, epimeres or chitinous
internal structures attached to legs, eating tools,
both pairs of forelegs and hind legs are seen. After
1 week of treatment, the number of mites are
reduced; after 2 weeks, the animals begin to
degrade, but epimeres are more distinct especially
in children; after 3 weeks of treatment, some struc-
tures are missing; and by week 4, the are no visible
remains of the mites. Possible explanations for the
disappearance of mites are secondary to scratching
and the normal desquamation process taking
place in the epidermis slowly promoting upward
the mite, and that is an explanation why it is more
visible after a couple of weeks after treatment (61).
The limitations are that viability of mite can not be
assessed, eggs are not visible, can be challenging
in hairy areas, and the device needs to be carefully
disinfected because mites can survive the environ-
ment up to 72 hours (60).

Treatment

The ideal treatment for scabies should be effective
against adult mites and eggs, easily applicable,
nontoxic, nonirritant, safe for all ages, and eco-
nomical. Still, we do not have the ideal scabicide
yet. See Table 1 for level of evidence.

Topical treatments

Permethrin 5%. It is a synthetic pyrethroid and
potent insecticide, which is probably the most
effective topical medication for the treatment of
scabies (62) and has low toxicity in mammals. Per-
methrin was first put on the market in 1977 and
initially used for the treatment of infestations of
head, crab, and body lice. It is absorbed cutane-
ously in small amounts and metabolized by skin
esterases to be finally excreted back to the skin by
sweat and sebum, and also excreted in the urine.
The main factor limiting the systemic absorption
is the slow penetration through the skin, which is

Table 1. Scabies treatment

Medical treatment of scabies, level of evidence

Topical
Permethrin 5%
Precipitated sulfur 2-10% in petrolatum®
Lindane (gamma benzene hexachloride 1%)*
Benzyl benzoate 10-25%*
Monosulfiram 5-25%°
Crotamiton 10%*
Malathion 0.5%°¢
Esdepallethrin 0.63%°
Ivermectin 1%°

Oral
Ivermectin®

2Good quality patient-oriented evidence.

bLimited quality patient-oriented evidence.

‘Other evidence including: consensus guidelines, extrapola-
tions from bench research, opinion, or case studies.

independent of the dose that is applied (63). Its
mechanism of action is disrupting the current on
the sodium channels that are ubiquitous, delaying
repolarization on the mite, causing paralysis and
death of the parasite in all stages (64).

It comes as 5% cream, which is applied over-
night or for at least 8-12 hours after which it should
be washed off, and should be repeated a week later.
The cream should be applied to the entire body,
including the head in infants (40,65,66).

It is often used in pregnant women with appli-
cation shortened to 2 hours and is widely used in
young children. It is well tolerated with minimal
side effect and is cosmetically acceptable. Some
patients may experience some irritation, burning
sensation, irritation, or tingling, but all are of short
duration and most probably related to be applied
on skin that is already sensitive, excoriated, and
pruritic because of the scabies infection (63), also
because the preservative formaldehyde might be
expected to cause some allergic contact dermatitis
cases. A Cochrane meta-analysis of four random-
ized trials comparing permethrin and lindane
showed that permethrin, given as a single over-
night application, was more effective than lindane
(19,67). However, there was considerable heteroge-
neity in effects among studies. In the largest trial,
there was no difference in clinical cure rates, at
an average of 28 days after treatment (68). Other
studies have shown that single application of per-
methrin has better results than a single dose of
ivermectin (64). Several studies have shown that
permethrin has a higher clearance rate than
lindane and crotamiton (69), and less percutane-
ous and toxic effects when permethrin was com-
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pared with lindane (70). There is one case report of
congenital leukemia on a preterm female new-
born after her mom heavily used permethrin on
its aerosolized form while pregnant because of
arachnophobia, raising concern about the safety
of repeated applications (71).

Precipitated sulphur 2-10% in pefrolatum. 1t is the
oldest treatment modalities for scabies, used since
25 AD. It is safe to use in pregnancy, infants, and
children (72). The ointment is applied to all body
surfaces for two to three consecutive nights. It has
been effective in crusted scabies and in patients’
refractory to other treatments. The disadvantage
resides on that it is messy, smelly, stains clothes,
and can cause irritant dermatitis.

Lindane (gamma benzene hexachloride 1%). First
used in 1948 by Wooldridge (73) to treat scabies,
lindane acts on the mite’s central nervous system
(CNS), producing excitability, convulsions, and
death. It is absorbed by mucous membranes, such
as lung and intestinal mucosa, and is distributed to
all body compartments, with the highest concen-
tration in lipid-rich tissues and the skin. Its
metabolism and excretion are through urine and
feces (65). It is used as a single application with
contact time of 6 hours and should be washed
afterwards with soap and water, some authors rec-
ommend repeating the application 1 week after
(66). The commercial presentation is 1% cream, 1%
lotion, or 1% shampoo, and nonirritating and easy
to apply. Absorption from skin varies from 10 to
90% depending on solvents used with a half-life of
21-26 hours (74). It should be avoided in inflamed,
excoriated or denuded skin, crusted scabies (75),
sick children, and infants (4). The levels in breast
milk are 60 times higher than in untreated women,
and this medication should be avoided during
breastfeeding (65).

The disadvantage is that it can cause CNS toxic-
ity, such as convulsions and death reported in chil-
dren or infants with overexposure or an altered skin
barrier, which increases absorption. There is also a
report of an elderly patient that died after treat-
ment with lindane, after it was applied to the head
(76). Accidental ingestion can lead to lindane poi-
soning because it is absorbed by mucosa, causing
neurological symptoms that include convulsions,
twitching of eyelids, restlessness, dizziness, head-
ache, nausea, vomiting, weakness, tremors, disori-
entation, respiratory failure, coma, and death.
Some other authors reveal that the risk of neuro-
toxicity is minimal if used properly and strictly
according to the prescribed recommendations.
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Ulcerative irritant contact dermatitis from the use
of lindane was reported (77). There is some evi-
dence that lindane may cause aplastic anemia,
thrombocytopenia, and pancytopenia (78). The
US Food and Drug Administration (FDA) has re-
commended lindane as a second-line therapy for
scabies and pediculosis mainly in young children,
elderly, and people weighing less than 50 kg
because all side effects are more common in this
population (79,80). It is banned in California.

Benzyl benzoate 10-25%. This is an ester of
benzoic acid and benzyl alcohol obtained from
balsam of Peru and Tolu, which is neurotoxic to the
mites. It is used as a 25% emulsion applied below
the neck three times within 24 hours with contact
time of 24 hours, without rinsing the product. In
young adults or children, the dosage can be reduced
to 12.5%. Itis very effective when used correctly, and
if not, it may lead to treatment failure or cause irri-
tant dermatitis on the face and scrotum. Its use
may be complicated by allergic dermatitis (81). This
product is not safe to use in pregnancy, lactating
women, infants, and children less than 2 years of
age because its use has been associated with severe
neurological side effects in children (65). Some
studies have found it to be effective in the manage-
ment of permethrin-resistant crusted scabies, and
in combination with ivermectin in patients with
relapses after a single treatment with ivermectin.
In developing countries where the resources are
limited, itis used in the management of scabies as a
cheaper alternative (4,81).

Monosulfiram 5-25%. It is chemically related to
antabuse, and for this reason, alcoholic beverages
should be avoided during or earlier after treatment,
at least 48 hours because it inhibits hepatic alde-
hyde dehydrogenase and after ethanol ingestion,
the acetaldehyde accumulates causing a spectrum
of undesirable side effects including flushing,
nausea, vomiting, and tachycardia, which are
referred to as the disulfiram reaction (82). It is
applied all over the body after a bath, and it should
be rubbed once a day for two or three consecutive
days. Soaps containing monosulfiram have been
used in the past as a prophylactic measure in
infected communities (83). One study compared
the effectiveness of oral ivermectin 200 mcg/kg
with topical 25% benzyl benzoate and monosul-
firam soap, and showed that ivermectin was at least
aseffective and led to more rapid improvement (84).

Crotamifon 10%. Crotonyl-N-ethyl-o-toluidine is
used after bathing and changing clothes as 10%
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cream or lotion applied twice a day for five con-
secutive days, and contact period has to be 48
hours. The efficacy varies between 50 and 70%. It
can be useful for the treatment of scabies nodules
in children (30). While it is commonly used as
an antipruritic, recent studies have questioned
whether it has specific antipruritic effects (66).
Some authors do not recommend crotamiton
because of the lack of efficacy and toxicity data
(11).

Malathion 0.5%. It is an organophosphate insecti-
cide that irreversibly blocks the enzyme acetylcho-
linesterase. Malathion is commonly used to treat
pediculosis, but there is little information pertain-
ing to its use in scabies (65).

Esdepallethrin 0.63%. It is a synthetic pyrethroid
that targets sodium channels at the axons. It is
aerosol and can be used in infants older than 2
years old (30).

Ivermectin 1%. There is one uncontrolled, open
label trial study published using topical ivermectin
400 mcg/kg/dose on 10 mL of propylene glycol
applied to body surface on major flexure waist
area, genitals, hands, and feet. Patients avoided
taking a bath for 2 hours, and this was repeated
1 week later. Treatment of clothes, fomites, and
households were recommended. From 32 patients,
12 adults and 20 children, 29 were cured; there
were no signs of recurrence 2, 4, 6 weeks after treat-
ment and there were no side effects (85).

Oral treatments

Ivermectin

Ivermectin, the 22, 23 dihydro-derivative of aver-
mectin B;, is a synthetic of macrocyclic lactones
known as avermectins, with structure similar to
macrolides, but without any antimicrobial action.
It was developed in 1970s as a veterinary agent
(86). In the United States, it is licensed for use for
Strongyloides infections. Also, it has been used
in humans to treat scabies, onchocerciasis, other
filariases, and intestinal nematodal infections (87).

Ivermectin binds selectively to receptors in the
peripheral motor synapses, blocking chemical
transmission of y-aminobutyric acid (GABA)-gated
chloride channels localized in the CNS. This stimu-
lates the discharge of GABA at the nerve endings
of endoparasites, increasing the affinity of GABA in
the receptor at synapses and causing interruption

of the nerve impulses, producing paralysis and
death to parasites (88).

Ivermectin is absorbed easily on an empty
stomach, has hepatic metabolism, and is mostly
fecal excretion. The peak is around 4-5 hours
postingestion and has a half-life of 36 hours. Peak
concentration is found in sebum, sweat, and
squames of forehead 8 hours after first dose (89).

Ivermectin is relatively safe. It has been tested
in vitro in microbial and mammalian cell assays
showing no genotoxic activity. Primates, including
humans, are clearly less sensitive than mice, being
more toxic in infant than young adult rats (88).
Treatment with very high dosages of ivermectin
caused embryotoxicity in animals (90). The adverse
reactions include fever, headache, chills, arthralgia,
rash, eosinophilia, and anorexia. Many of these
symptoms are thought to result from the death
of parasites rather than as a reaction to the drug
(91). Other more serious adverse effects are ataxia,
tremors, mydriasis, depression, and, in severe
cases, coma and death (30).

Ivermectin is not only used for treatment of
ectoparasites that cause scabies but also head lice,
human body lice, demodecidosis, and endopara-
sites causing cutaneous larva migrans, myasis,
furuncular myasis, strongyloidiasis, filariasis, and
onchocerciasis in animals and humans (88).

Parasitic resistance to ivermectin has been
reported in nematodes of horses, sheep, and other
animals after almost 20 years of use (92,93),
through either alteration of a membrane protein
that actively transports the drug across cell mem-
branes, the P-glycoprotein, or through alteration of
the chloride channel receptor (94).

Ivermectin is given orally 200 mcg/kg in most
patients as a single oral dose preferably in the
evening, when the mites stray over the body
(89,95). Ivermectin has a plasmatic half-time after
it is orally administered (36 hours), and it is
believed that mites feed by ingesting keratinocytes
and intercellular fluids within the epidermis rich in
ivermectin, so it will be effective against fertile tun-
neling mites; because it is believed that ivermectin
does not have ovicidal properties and because the
eggs hatch every 6-7 days, it is recommended to
repeat the treatment two or three times, separated
by intervals of 1 or 2 weeks (64,96).

A double-blind study showed that 79.3% of
patients with scabies were cured 1 week after a
single oral dose of 200 ug/kg of ivermectin, as com-
pared with 15.4% of patients in a placebo group
(97) with mild to moderate scabies, but is prefer-
able to use ivermectin in combination with benzyl
benzoate solution in crusted scabies occurring
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in HIV/acquired immune deficiency syndrome
patients (98). It was shown to be effective com-
pared with placebo (19,97). Some authors achieved
only 80% success rates with 200 mg/kg of the
drug, and some increase the dosage to 250 mcg/kg
(96).

Other randomized, controlled trials of treatment
with ivermectin versus benzyl benzoate and iver-
mectin versus lindane failed to demonstrate
significant differences in clinical cure rates (99).
Another study that compared a single dose of iver-
mectin 200 mcg/kg and lindane 1% lotion showed
that 83% of the patients in the ivermectin group
had marked improvement compared with only
44% of the patients in the lindane group (100).
Studies comparing ivermectin and permethrin
showed that a single dose of ivermectin provided a
cure rate of 70%, which increased to 95% with two
doses at a 2-week interval. A single application of
permethrin was effective in 97.8% of patients (64).

Ivermectin has been successfully employed to
eradicate scabies in epidemic or endemic situa-
tions in institutions such as nursing homes
(69,101,102) and prisons (103). Because of its ease
of use, some use it as the first-line treatment for
cases of scabies in adult nursing homes and insti-
tutions, although one report suggested that it could
contribute to mortality in an elderly population
(104).

Oral ivermectin offers several advantages over
standard topical scabicides (75,105,106) such as
high efficacy, ease, and rapidity of application,
avoiding the irritation caused by topical treatments
and avoiding the need to ensure proper applica-
tion; and it is well tolerated — all these help with
patient compliance. It is convenient for persons
who are bedridden and immunocompromised
(106). Ivermectin is an effective treatment for
scabies in closed communities, such as a prison
(103), and reduces occurrence of streptococcal
disease and possible signs of renal damage in chil-
dren (107).

To avoid outbreaks, some recommendations
should be followed such as using proper barrier
precautions like gloves with extended cuffs;
patients receiving two treatments before isolation
is discontinued; developing identification, report-
ing, and treatments from health care workers to
hospital and clinical personnel; and treating all
exposed staff if there is prolonged skin contact if
scabies is present or there is contact in patients
with crusted scabies (44,108). In this setting, iver-
mectin is an effective and easy treatment to admin-
ister, avoiding problems with compliance although
it is of limited efficacy on crusted scabies (103).
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Treatment tips

1. Proper application must be achieved including
the umbilicus, genitalia, up to the edge of all
body orifices, and under the free edges of nails.

2. There is data suggesting that fomites are impor-
tant in the spread of scabies (18). Populations of
mites have been recovered from linens, chairs,
floor, dust, etc (109). For practical purposes, it is
probably not necessary to do anything beyond
laundering of sheets and clothing, although
some also suggest vacuuming couches.

3. Close physical contacts of infested patients
spread the disease. Parents, caregivers, people
involved in bathing or lifting (110), sexual part-
ners, and family members are at high risk of
acquiring the infection and all should be
treated at the same time regardless of symp-
tomatology (111). It is estimated that 15-20
minutes of close contact with an infected
patient is enough to transfer the mites from one
person to another (17).

4. People that are reinfected are at risk of cumula-
tive drug toxicity (111).

5. Prisons, nursing homes, daycare centers, and
hospital wards may experience epidemics or
scabies breakouts that are difficult to treat
because of delayed diagnosis. Here, it is impera-
tive to treat all residents, patients, staff, and fre-
quent visitors at the same time, even if they are
not symptomatic, in order to control infestation
(111,112).

6. We recommend washing bed linens and cloth-
ing. Clothes and bed linens can be machine
washed at 60°C followed by heated drying
(8,113). Clothes that cannot be washed should
be kept on a bag for at least 3 days, because
some studies have documented that mites
cannot survive more than 3 days after separa-
tion from their human hosts (114). In humid
climates, they may survive much longer. Vacu-
uming can be of benefit, but the benefits of
environmental acaricides remains to be estab-
lished (111).

7. In the setting of crusted scabies, the use of
insecticidal powders or aerosols may be consid-
ered for materials that cannot be washed (30),
or simply isolated.

Special situations

Crusted scabies will require admission to hospital
in most cases. Scabicides should be applied from
head to toe. Keratolytics may improve penetration
of treatment agents. Nails should be trimmed
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and brushed with a scabicidal agent. Generally,
with topical treatments, cure is reached after three
consecutive treatments, but sometimes, patients
will require additional treatments. Our experience
is that 10% precipitated sulfur in petrolatum is
more reliable that permethrin in this setting. Oral
ivermectin can be used alone, but is more effec-
tive in combination with topical treatment
(115,116). Institute barrier precautions to prevent
dissemination.

In the elderly, immunocompromised, and in-
fants up to 2 years of age, the topical treatments
should also be applied to scalp, neck, face, and
ears.

In infants, sulfur 2-10% in petrolatum can be
used (66). Permethrin 5% cream is approved for use
only in infants older than 2 months (65,117). There
is a report where oral ivermectin in combination
with lindane and keratolytics cleared an 11-year-
old girl with crusted scabies without any side
effects, but it should be noted that lindane absorp-
tion may be increased in this setting (118). Where
available, benzyl benzoate is a cheaper alternative
to permethrin, and can be diluted to 12.5% emul-
sion and can be used topically.

In pregnant and lactating women, 6% sulfur pre-
cipitate is recommended by some authors because
of the possible association between permethrin
and leukemia noted previously. It should be noted
that little has been published about the potential
toxicity of sulfur. Ivermectin crosses the blood-
brain barrier poorly in mammals, but this can be
deficient in young mammals, which could allow
greater penetration to the CNS (65,109,118).

A study in elderly patients reported increase
in death among patients using ivermectin, but it
has not been confirmed in other trials (92). Elderly
patients with recalcitrant crusted scabies unre-
sponsive to multiple topical treatments of lindane,
permethrin, and crotamiton were treated with a
single 200 mcg/kg dose of ivermectin. Many of the
patients suffered from dementia and were housed
in a single closed ward of a long-term care facility.
Patient deaths were reported, but no cause of death
was established, and analysis by the FDA and
the World Health Organization onchocerciasis
program questioned a connection between these
deaths and ivermectin use (119).

To avoid outbreaks, some recommendations
should be followed such as using proper barrier
precautions like gloves with extended cuffs.
Patients should receive two treatments before iso-
lation is discontinued. Institutions should develop
identification, reporting, and treatment recom-
mendation. It is important to treat all exposed staff

if there has been prolonged skin contact, especially
with patients with crusted scabies (44,108).

Resistance

There is well-documented resistance to topical
therapy and this is an increasing problem world-
wide. It has been reported with lindane, and in
clinical and in vitro evidence of ivermectin resis-
tance in patients with multiple recurrences of
crusted scabies who had previously received 30-58
doses of ivermectin over 4 and 4.5 years that this
can be developed after intensive ivermectin use
(120,121).

Persistent symptoms

It is normal for patients to experience persistence
of symptoms for 2-6 weeks after successful treat-
ment. This is because of the immune response
elicited against the mite antigens. If the symp-
toms persist beyond 2 weeks, it could be because
of incorrect initial diagnosis, incorrect application
of treatment and poor penetration of treatment
through thick scales, reinfection, or drug-resistant
mites (5). Most recurrences are because of reinfec-
tion from untreated contacts. It has also been sug-
gested that pruritus can worsen temporarily after
treatment secondary to massive death of mites and
the release of their toxic products (122).

Conclusion

Scabies persists as a worldwide pandemic. Because
of its protean manifestations, it remains one of the
most commonly misdiagnosed of dermatologic
maladies. In the young, it may present with acral
pustules, bullae, or papules composed of sheets
of Langerhans cells. In the elderly, it mimics im-
munobullous disease and is a common cause of
cryptic pruritus. The savvy dermatologist knows
that scabies and tinea should be appended to most
differential diagnosis lists. A high index of suspi-
cion will serve both the patient and clinician well.
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