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Abstract

Sections

Scabiesisone of the most common and highest-burden skin diseases
globally. Estimates suggest that >200 million people worldwide have
scabies atany one time, with an annual prevalence of 455 million
people, with children inimpoverished and overcrowded settings
beingthemosta ected. Scabies infectionis highly contagiousand
leads to considerable morbidity. Secondary bacterial infections are
common and can cause severe health complications, including sepsis
or necrotizing soft-tissue infection, renal damage and rheumatic heart
disease. Thereisnovaccine or preventive treatment against scabies
and, for the past 30 years, only few broad-spectrum antiparasitic

drugs (mainly topical permethrin and oral ivermectin) have been
widely available. Treatment failure iscommon because drugs have
short half-lives and do notkill all developmental stages of the scabies
parasite. At least two consecutive treatments are needed, which is

di culttoachieveinresource-poorand itinerant populations. Another
key issueisthe lack of a practical, rapid, cheap and accurate diagnostic
tool for the timely detection of scabies, which could prevent the cycle of
exacerbation and disease persistence in communities. Scabies control
will require amultifaceted approach, aided by improved diagnostics
andsurveillance, new treatments, and increased public awareness.

Introduction

Epidemiology

Mechanisms/pathophysiology

Diagnosis, screening and
prevention

Management

Quality of life

Outlook

!Scabies Laboratory, Infection and In lammation Program, QIMR Berghofer Medical Research Institute, Brisbane,
Queensland, Australia. 2School of Health, University of the Sunshine Coast, Sippy Downs, Queensland, Australia.
3Research Group Dynamic, EA7380, Faculté de Santé de Créteil, USC ANSES, Université Paris-Est Créteil,

Créteil, France. “Department of Microbiology, Seth G S Medical College and KEM Hospital, Parel, Mumbai, India.
SState Institute of Cancer “Dr. Arturo Beltran Ortega”, Faculty of Medicine, Universidad Autonoma de Guerrero,
Community Dermatology Mexico, Acapulco, Guerrero, Mexico. 5St Johns Institute of Dermatology, King's College
London, London, UK. ‘Global and Tropical Health, Menzies School of Health Research, Charles Darwin University
and Royal Darwin Hospital, Darwin, Northern Territory, Australia.  ®Hopital Universitaire La Pitié-Salpétriere, AP-HP,
Paris, France. < e-mail: Katja.Fischer@gimrberghofer.edu.au

Nature Reviews Disease Primers | (2024)10:74



http://www.nature.com/nrdp
https://doi.org/10.1038/s41572-024-00552-8
http://crossmark.crossref.org/dialog/?doi=10.1038/s41572-024-00552-8&domain=pdf
http://orcid.org/0000-0002-3079-0985
http://orcid.org/0000-0003-0579-9424
http://orcid.org/0009-0007-6515-4624
http://orcid.org/0000-0002-8878-8837
http://orcid.org/0000-0002-8400-4310
http://orcid.org/0000-0003-3408-3337
mailto:Katja.Fischer@qimrberghofer.edu.au

Introduction

Scabies mites (Sarcoptes scabiei) belong to the order Sarcoptiformes
(within Acari, Arachnida, Chelicerata), a medically important, yet
understudied group of microscopic eight-legged arthropods. Next
to house-dust mites and out of an estimated 1 million mite species on
our planet, S. scabiei is the most burdensome disease-causing mite.
Varieties of S. scabiei (for example, var. hominis in humans or var.
canis in dogs) are morphologically indistinguishable but are gener-
ally highly host species specific, causing disease in >100 different
mammals’.

Onaglobalscale, scabies has been categorized among the top 50
most prevalenthuman diseases and within the top 15 most burdensome
dermatological conditions®*. While ubiquitous worldwide, scabies
is endemic in resource-poor countries and/or tropical climates and
was recognized as a neglected tropical disease (NTD) by the WHO
in2017 (ref. 4).

S. scabiei mites are obligate parasites, with their entire life cycle
fromeggsto larvae, nymphsand adults (male and female) taking place
in the superficial layers of the host skin, the epidermis (Fig. 1). The
mites penetrate the intact epidermal layers mechanically using their
mouthparts and dissolve the tissue with secretory enzymes, thereby
feeding onthe cellular material and intercellular fluid®". Mite transmis-
sion occurs mainly via skin-to-skin contact and, less frequently, via
fomites (physical objects capable of transmission); outbreaks often
occur in overcrowded settings®®.

There are two distinct forms of disease progression: most patients
presentwith classic scabies, inwhich infection is limited to <20 mites
on the entire body’°. The infection can progress to profuse and/or
crusted scabies, often in immune compromised patients. Profuse
scabiesisasevere form of classical scabies with increased numbers of
mite burrows in addition to papular, pustular, vesicular and nodular
lesions™. Crusted scabies is rare but is the most severe form of the
disease, characterized by avery high parasite burden, with hundreds,
thousands or even millions of mites and eggs per patientand is there-
fore highly contagious™*. It is generally only in crusted scabies that
fomites can add to the transmission cycle and thisisin partwhy those
with crusted scabies can be core transmitters of scabies in nursing
home and community outbreaks. While both forms are extremely
morbid, affecting the patient physically and psychologically, crusted
scabies can be fatal if left untreated. In addition, there is a range of
non-classic scabies presentations such as atypical nodular scabies,
atypical paediatric scabies, bullous scabies, scabies incognito and
localized crusted scabies™. Symptoms and clinical presentations of
scabiesare similar toarange of other skin diseases, leading to frequent
misdiagnosis™. Transient pseudoscabies (caused by S. scabiei of animal
origin) is considered self-limiting with a short incubation period and
transient clinical signs*.

The scabies mite has often beenregarded asanirritating butrela-
tively benign ectoparasite. However, epidemiological and biomedical
research increasingly points towards substantial morbidity, and even
mortality”*'®, associated with scabies and secondary bacterial infec-
tions. Pruritus (itch), the primary symptom of scabies, causes scratch-
ing, which facilitates secondary infections with opportunistic bacterial
pathogens. These can cause life-threatening acute features such as
necrotizing soft-tissue infections, electrolyte disturbances or sepsis,
and/or further disease sequelae, mostly in tropical regions™. Scabies
mites have evolved to modulate the host immune system and there-
fore it takes ~4—6 weeks for clinical signs to develop in scabies-naive
individuals following initial exposure to these mites.
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Epidemiology

Global epidemiology

Scabies poses a massive global health problem and primarily affects
poor populations in tropical regions®. Despite being recognized as a
NTD, scabies has a worldwide distribution'’ (Fig. 2a). Whilst scabies
prevalence remains constantat >10% of the populationin some coun-
tries, it varies in most countries over time and regionally'®*. Accord-
ing to the 2017 Global Burden of Disease (GBD) study, countries with
persistently high levels of infection include Papua New Guinea, Brazil,
Panama, Fiji and parts of northern Australia®®. There is often substantial
within-country variation; for instance, in Australia, the prevalence of
scabiesismuch higher inremote regionsin the tropical north of the con-
tinent, particularly in Indigenous Australian Communities (25-50%)%°,
compared with national rates (0.2—4%)". In many low-income and
middle-income countries (LMICs), scabies is endemic yet still truly
neglected, underestimated, notrecorded as a public health issue and
only sparsely exemplified by few reports, for example, communitiesin
Ghana, where the prevalence of scabies was >70%*, Indonesian schools
with a prevalence of 76.9% or outbreaks in Ethiopia following severe
droughts?®.

Scabies prevalence is generally lower in countries with higher
income levels™ " with very few estimates exceeding 2—4%. However, in
these regions, the prevalence in different subpopulationscanalsovary;
forexample, over the past two decades, Europe has faced a continuous
and increasingly alarming upsurge in scabies cases®*®, a trend attrib-
uted to several factors. One of these factorsis theincrease in migration
and refugee movements on the continent®, which facilitates the spread
of infectious diseases such as scabiesin overcrowded living conditions.
Furthermore, socioeconomic disparities and inadequate access to
health care in certain populations contribute to the persistence and
spread of the disease. Changesin climate patterns have been proposed
as a contributing factor, possibly affecting the prevalence and distri-
bution of scabies mites. Additionally, difficulties in timely diagnosis
and treatment, coupled with the evolution of tolerance or resistance
to conventional treatments® further complicate the control of this
increase®. Addressing these multifaceted issues demands concerted
effortsin public health strategies, health-care accessimprovement, and
rigorous surveillance to effectively manage and mitigate the spread of
scabies in Europe.

Scabiesisone of 15skin conditionsincluded in the GBD 2010 study,
which analysed 20 years of data across 187 different countries®; the
global prevalence of scabies was estimated to be 100,625,000 people
in 2010 but thiswas revised upwardsinasubsequentanalysisin 2013 to
be >204,151,000 (ref. 2). Thiswas assessed further in 2019 and scabies
was estimated to be responsible for 4.84 million (95% Ul 2.68-7.73)
disability-adjusted life years (DALYs) and 565 million (499—-634) inci-
dentcases” (Fig. 2). Scabies ranks third in contributing to DALYs within
skin and subcutaneous diseases™.

The GBD estimates are based on extrapolation of published data
and other recorded health provider reports using an analytic pro-
gramme that utilizes known risks or covariates for the occurrence of
human disease in general, suchas poverty and climate, as well as Bayes-
ian methodologies to estimate missing datasets. Current estimates
of the disease burden of scabies are likely to be an underestimate,
given the absence of diagnostic point-of-care testing and failure to
apply standardized diagnostic criteria in addition to the deficit in
population-based studies and systematic reporting. In estimating dis-
ease burden, high DALY scores reflect the high incidence of scabiesand
the associated morbidity rather than its mortality or other sequelae.
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Fig.1| The cellular and molecular landscape in early scabies infection.
Scabies mites burrow through the stratum corneum into the host epidermis
and the life cycle begins when a fertilized female mite enters this skin
environmentand lays eggs. The eggs hatch into larvae, which develop into
nymphsand then differentiate into adult male or adult female mites. Mite faeces
are scattered throughout the burrows. Opportunistic microorganisms, mainly
bacteria present on the skin surface, may enter the epidermal burrows and
proliferate. Bacteria are also present within the mite intestinal system?*2%

and are released with the faeces. Hostimmune reactions to proteins released
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by mites and bacteria are the main drivers of the pathological changes.

Arange of scabiesimmunomodulatory proteins are expressed in the mite
digestive system and excreted with the mite faeces and likely with mite saliva.
The immediate hostimmune response includes IgM, IgA, and IgG and dense
perivascular infiltrates containing eosinophils, neutrophils, lymphocytes and
pro-inflammatory cytokines (CXCL8, TNF, IL-1a, IL-6, IL-4, IL-5, IL-10, IL-13, IL-17).
SMIPP-C, scabies mite inactivated cysteine protease paralogue; SMIPP-S,
scabies mite inactivated serine protease paralogue; SMS, scabies mite serine
protease inhibitor.

However, it causes severe and prolonged itching and scratching as
well as loss of sleep, poor quality of life, interrupted schooling and
discrimination amongst peers®.

Risk factors

Scabiesaffectsindividuals ofany age, both sexes equally, all ethnicities
and within all socioeconomic statuses. Poverty is the main negative
health determinant on a broader societal level, limiting the availabil-
ity of health services or a clean and healthy environment. Due to the
contagious nature of the parasite, clustered communities, crowded
housing conditions, and transient and/or displaced populations
(thatis, refugees), although difficult to measure, have emerged as
the most significant environmental and behavioural risk factors®,
Outbreaks occur in institutions such as boarding schools, jails and
residential care facilities®®*°. There isan additional problem apparent
in the latter group as, in some older patients, scabies has an atypical
presentation®®, for which underreportingis likely. In regions affected
by conflict or natural disasters, scabies hasalso emerged asaproblem
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insiteswhere displaced populations are housed under poorand over-
crowded conditions®*. The prevalence in refugee camps has been
reported to be high and outbreaks are common. In 2023, between
January and May, Medecins sans Frontiers teams in refugee camps in
Cox’sBazaar, Bangladesh, treated almost 70,000 patients for scabies,
with anaverage prevalence of 40%and, in some camps, of nearly 90%;
inthe report, the situation was described as out of control®®. The main
biomedical risk factor for scabies infection to proliferate to profuse or
crusted scabies is alow immunity status, either due to malnutrition,
immune suppression (caused by disease or drug use), or extremes in
age. Scabies disproportionately affects infants and children'® as well
asthe older people and has important implications for health equity.

Secondary infections

Bacterial skininfections, mainly caused by Staphylococcus aureusand
Streptococcus pyogenes, commonly complicate scabies®**“°. Primary
colonization of scabies lesions with these and other pus-forming
(pyogenic) bacteria frequently causes pyoderma (impetigo), which
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Dermatitis (19.5%)

Scabies (12.7%)

Acne vulgaris (12.2%)

Viral skin diseases (10.0%)

Psoriasis (8.8%)

Other skin and subcutaneous diseases (8.4%)
Fungal skin diseases (8.2%)

Bacterial skin diseases (5.4%)

Other causes (5.3%)

Urticaria (9.5%)

Fig.2|The global burden of scabies and associated
sequelae. Age-standardized disability-adjusted
life years (DALY) (per 100,000) by country, both
sexes combined, in 2019, for scabies (part a),
rheumatic heart disease (RHD) (partb) and acute
glomerulonephritis (AGN) (partc). Death

and disability resulting globally from skinand
subcutaneous diseases (partd). DALYs are the
sum of the years of life lost due to premature
mortality and the years lived with adisability due
to prevalent cases of the disease in a population.
One DALY represents the loss of the equivalent
of 1year of full health. Reprinted with permission
fromrefs. 17,29,43,44, IHME.
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allergic-type cytokinesisaconsequence of the extreme antigen burden
presentincrusted scabies oracause of it. One case reportdescribes the
development of crusted scabiesin a patienttreated with the IL-4—IL-13
antagonist dupilumab®.

T, 17-type responses have also been described in scabies®®. Fur-
ther studies revealed that yo T cells rather than CD4 T cells were the
likely cellular source of IL-17 (ref. 90). Transcriptomic profiling shows
similarities with psoriasis and atopic dermatitis with amplification of
T,17 signalling pathways, including IL-17A, SI00A7, SI00A8, SI00A9,
CCL20, CXCL6 and CXCL8. Arginases, which are also associated with
IL-17 expression, were upregulated in crusted scabies’, and DEFB4A,
induced by IL-17A in keratinocytes, is also upregulated in biopsies of
patients with scabies®. Some of these genes show an association with
clinical severity and potentially with crust formation, with cytokines
suchaslIL-17,1L-19 and IL-20 reported to drive keratinocyte proliferation.

Antibody responses inscabies

While there is strong evidence of dysregulated cellular immune
responsesincrusted relative to classic scabies, the differences in anti-
body levelsand their contribution toimmune protectioninscabiesare
lessclear. Most studies show the predictable development of IgM, IgA,
IgG and IgE responses in classic scabies, with mite-specific IgG first
detectable from around week 6 post infection®. Crusted scabies is
associated with higher levels of IgG4 and IgE correlated to strong T,,2
responses but these are clearly not protective.

Scabiesitch

Severe pruritus is the key symptom of scabies; over 90% of patients
with scabies present with intense itching, regardless of their age®.
Importantly, scratching in response to itching damages the protec-
tive skin barrier, enabling opportunistic bacteria to enter the skin,
causing further complications. The mechanisms underlying the
scabies-induced itch are poorly understood and effective treatments
arenotavailable. Antihistaminesare poorly effective or only active by
their sedative nature, and misuse of topical corticosteroids, particularly
due to misdiagnosis of scabies, iscommon and only exacerbates mite
infection® %, Its non-responsiveness to antihistamines has drawn
attention to the importance of non-histaminergic itch mediatorsand
neuronal mechanisms in this chronic intense itch. Two studies have
reported elevated non-histaminergic itch mediators in scabies-infected
skin compared with healthy controls, including PAR2 receptors, peri-
ostin, TSLP, epidermal expression of IL-31and IL-31" infiltrating cells
(CD68" alternatively activated macrophages), T,2-related cytokines
(IL-4 and/or IL-13), tryptase” mast cells, CCR4* T2 cells, basophilsand
eosinophils®®®® (Fig. 5). In one study, even though neuron signalling
TRPV1and TRPALion channels were found to be upregulated®, differ-
ences in the intraepidermal nerve fibre density were inconclusive®™*,
likely due to differencesininfection stage between the biopsies studied.
Interestingly, histamine-positive skin cell levels were downregulated®®.
However, it is not known which mite proteins elicit the expression of
immune cell-derived itch mediators nor by which mechanisms they
connect to sensory nerves to produce and enhance itch; further, how
the itch pathophysiology develops over the course of infection and
after scabicidal therapy is also unknown.

Secondary bacterial infections

The main threat of scabies relates to secondary bacterial infections,
leading to complicated disease with serious clinical sequelae. Although
the association between scabies and impetigo or pyoderma is well
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covered by epidemiological studies®>*°**** and the bacterial pathogens

involved are the major cause of morbidity and mortality®, little atten-
tion has been paid to date. In particular, there is limited molecular
informationabout the tripartite interactions between mites, bacteria
and the human host. During scabies infection, the skin microbiota
seemsto change drastically to adysbiotic state'®%. Studies in the scabies
porcine model showed adistinct reduction of commensal bacteriaand
clear domination by pathogenic bacteria, and the altered microbiota
did not fully restore after successful scabicidal treatment'®®. Further
work has indicated that the establishment and proliferation of these
pathogenic bacteria within the skin are assisted by the scabies mite,
indicatingasynergistic relationship. Complementinhibitors secreted
or excreted by scabies mites, for example, the serine protease inhibi-
tor SMS B4, favour the growth of these pathogens by suppressing the
immediate hostimmune response>**. Particularly in crusted scabies,
the growth of Staphylococciand Streptococciis fostered and can lead,
in extreme cases, to necrotizing soft-tissue infection, bacteraemia,
sepsisand death. Furthermore, GAS (S. pyogenes) isassociated with the
development of AGN and ARF. ARF isan autoimmune response to GAS
infection and causes long-term damage to heart valves, causing RHD.
Eventhough GASthroatinfection hasbeen recognized in the predispo-
sition to ARF, epidemiological studies undertaken in tropical climates
suggest that skin infections are the driving force of RHD in many GAS
endemic populations’®“%’ In addition, post-streptococcal AGN has
been suggested asapredisposing factor to chronic kidney failure, add-
inganother layer to the complications of scabies®. S. aureusis the other
importantsecondary wound colonizer commonly isolated from scabies
lesions'®*'%® |t can cause bacteraemia, which could lead to death, espe-
cially in resource-poor populations**°*°, Owing to the frequent use

Box 1| Porcine scabies — a relevant disease
model

Scabies research is hampered by limited access to patients and by
most patients presenting with low parasite loads. In the absence of
an in vitro culture system due to the complex obligate parasitism of
scabies mites, several di erent animal host species have been used
to answer research questions. Clinical manifestations in porcine skin
closely resemble human classical and crusted scabies. Importantly,
the genetic, physiological and immunological similarities between
pigs and humans are only exceeded by non-human primates.

A tractable experimental porcine scabies model, developed and
maintained since the early 2000s, was a major breakthrough as it
represented a nearly unlimited source of mites and facilitated

in vitro bioassays for drug screening, environmental decontamination
and preclinical drug trials. Furthermore, it enabled the development
of comprehensive molecular or genomic datasets and new
technologies, including RNA interference for mites and eggs.

The irst biologically active recombinant scabies proteins and
high-resolution crystal structures were created, and druggable

and diagnostic targets were identi ied. The model enables easy
access to the scabies microbiome to develop strategies to prevent
life-threatening bacterial co-infections.

This Box draws on data from refs. 46 ,47,49,52,54,56,74,81,103,144,155161162,
240-255.
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Fig. 4| The skin microenvironment in severe scabies. Numerous parasites atall
stages (adult, nymph, larvaand egg stages) as well as many bacteriaare present
inalabyrinth of burrows within the markedly thickened stratum corneum.
Typical histological signs are spongiosis, acanthosis and para-hyperkeratosis,
indicating injury and inflammation. Some of the changes observed in the dermis
include bacterial colonization, microclots, and perivascular and diffuse cell

Mite pseudoproteases (SMIPP-Cs, SMIPP-Ss)

infiltrates. These, together with the alteration in biomarkers of inflammation,
have implications on the further pathogenesis of the disease and development
of septicaemic processes. SMIPP-C, scabies mite inactivated cysteine protease
paralogue; SMIPP-S, scabies mite inactivated serine protease paralogue; SMS,
scabies mite serine protease inhibitor.

of beta-lactam antibiotics in these communities, methicillin-resistant
S.aureushasbeenisolated from scabies-associated skin sores and nasal
swabs collected in community studies'®°%",

Diagnosis, screening and prevention

Clinical presentation

Classic scabies presentation. Scabies has a diverse clinical pres-
entation, marked by a spectrum of classic, atypical and severe
manifestations'. The defining characteristic of scabies is a persistent

Nature Reviews Disease Primers | (2024)10:74

itching sensation that tends to worsen at night. Increased nocturnal
pruritus has been attributed to key functions of the skin being altered
during sleep, such as temperature increase and changes in fluid bal-
ance, barrier function and hormonal balance'*"*. Mite activity may
increase in line with the abovementioned changes in skin physiology,
and stress psychology likely plays an additional role in the particularly
intense nocturnal scabies itch'. The clinical manifestations of scabies
are primarily due to the infection itself as mites burrow into the skin,
and secondarily both to hypersensitivity associated with the parasites,

8
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their saliva and faeces and to the consequences of itching, that is,
eczematization and impetiginization.

Classic scabies, the most recognized form, ischaracterized mainly
by one specificsign,asmall, short (3—7 mm) and linear-to-serpiginous
(spreading snake-like with an undulating border) burrowvisible in the
surface layers of the skin (Fig. 6). These burrows are often found in
theinterdigital spaces, wrists, feet, breasts (areola; inwomen) and the
groin (inadultmen)*®. They can be accompanied by other skin lesions,
like vesicles and pustules, erythematous papules (2—-3 mm), nodules
(5-10 mm), or excoriations in the elbows, waistline, back, buttocks,
inner thighs, or external genitaliain males"®*"’. Lesions may also vary
in colour; usually, the lesions are erythematous but may be greyish to
brownish or violaceous in patients with skin of colour.

The clinical spectrum of scabies can extend beyond this classic
presentation. Nodular scabies deviates from the typical burrow or
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papule patternand is characterized by the presence of pruriticnodules
commonly located in the axillae, groin, male genitalia or upper trunk
(ininfants). Bullous scabies presentsas bullae in the same typical areas
of the classic form with fluid-filled blisters that can be flaccid or tense
and larger than 5 mm, associated or notwith itch®. Scabies incognito
is the most difficult variant to diagnose as the classic manifestations
oftheinfection can be masked or be atypical and may notimmediately
suggest scabies. In such cases, obtaining a detailed patient history
and looking forindirectsigns (thatis, close contact with an individual
with infestation, occupational exposures) are very useful in estab-
lishing diagnosis. Zoonotic scabies (scabies lesions caused by mites
transferred by animals, mainly dogs) is self-limiting and with transient
clinical signsand symptoms. The lesions are presentinareas of the skin
incontactwith the infested animal, like the trunk, abdomen, forearms,
thighsand legs™. Those atypical variants pose adiagnostic challenge as
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Fig. 5| Proposed cellular and molecular mechanisms in scabies-mediated
itch. Scabiesitch is thought to be elicited by host—mite interactions and neuronal
sensitization and exaggerated by scabies-associated bacteria. Itis hypothesized

Nature Reviews Disease Primers | (2024)10:74

thatadiverse range of pruritogens released by the mites, keratinocytes, mast
cellsand bacteriatarget PAR2, MRGPRX2, TRPAland/or TRPV1receptors
expressed on mast cells, keratinocytes and peripheral sensory afferent nerves.
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Fig. 6| Clinical presentation of classic scabies.
Ofall the symptoms of scabies, the epidermal mite
burrows are undoubtedly the most specific. They
appear as short, linear or serpiginous erythematous
linesending with avesicle (parta). The image shows
atypical burrow located in the interdigital web
space including a delta-wing jet-specificaspecton
dermatoscopy (partb; outlined in blue). The burrow
iscreated by the fertilized female that tunnelled
through the epidermis and laid her eggs. The newly
hatched larvaand nymphs rise to the surface from
the burrow, creating an intact vesicle at the end

of the burrow (part c). Reprinted fromref. 1, Springer
Nature Limited.

they can be easily mistaken for other dermatological conditions, like
eczema (atopic dermatitis, contact dermatitis, nummular eczema),
psoriasis, prurigo nodularis or folliculitis, necessitating a thorough

examination and medical interrogation for accurate identification™®.

Scabies presentation in paediatric and older populations. Children,
acommon population affected by scabies, often present with unique
clinical features. These may include widespread lesions, including on
thefaceinthefirstepisode, excoriated papules, nodulesand pustules.
Scabiesininfants may manifestasvesicular eruptionsinthe handsand
feet, looking like acropustulosis, which is a non-infectious, pruritic,
pustular disease condition in babies™.

Scabies also presents differently in older people® or inimmu-
nocompromised individuals, may masquerade as various pruritic
dermatoses, and can be more severe or prolonged, often with less or
no itch, further complicating the diagnostic process.

Crusted scabies presentation. Crusted scabies”*"?° (Fig. 7) is char-
acterized by hyperkeratotic, crusted lesions and an elevated number
of mites. The crusts can be localized or associated with a profuse rash.
Atypical body localization may be seen on the scalp, nails, lower back
or feetand may be isolated.

Diagnosis

Routine diagnosis. Routine diagnosis of scabies is commonly pre-
sumptive, based on patient interview, clinical history and a physical
exam largely focused on the key clinical signfor scabies, the generalized
itch that worsens at night and is often observed in multiple members
within a household. There are a few shortcomings with this routine
diagnostic method. Firstly, early infectioniscommonly asymptomatic
because sensitization to mite antigens takes ~4—6 weeks in primary
infections; consequently, such cases often remain undiagnosed until
the infection is in an advanced stage. Secondly, itch can be absent in
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infantsand older patients with scabies or in those treated with topical
corticosteroids, immunosuppressant or anti-inflammatory drugs'%,
Finally, itching is a non-specific symptom, associated with many skin
conditions, hence a large range of differential diagnoses must be
considered'®. Due to this and other non-specific clinical signs and
varied clinical presentations, the diagnosis of scabies is challeng-
ing, sometimes even for experienced clinicians. Scabies is frequently
under-diagnosed or mis-diagnosed®"'*"'%, leading to delaysin clinical
managementand severely compromising surveillance and control***°.

Because itchisasubjective symptom that cannotbe directly meas-
ured, avisual analogue scale can be used as a measurement instru-
ment in questionnaires. This psychometric response scale ranges
fromOto 10, with O beingnoitchand 10 being an unbearableitch. With
avisual analogue score for an average itch intensity of 7.2 (ref. 131),
scabies itch is usually more intense than the itch induced by atopic
dermatitis, non-atopic eczemaor urticaria'®. Scabies itch may persist
for weeks after appropriate scabicidal treatment®"°,

Clinical diagnostic criteriafor scabies have been very heterogene-
ous, which limited interpretation and regional or global comparisons.
To improve the traditional routine evaluation method, the Interna-
tional Alliance for the Control of Scabies (IACS) introduced standard-
ized consensus criteria™***?, and it was suggested that health-care
workers be trained in these diagnostic schemes and algorithms to a
standard thatensures anacceptable level of sensitivity, specificity and
reproducibility?®*?***¥_|n the absence of molecular diagnostics, the
IACS criteria for scabies diagnosis (consensus criteria) represented a
substantial advancement due to their approach to standardizing the
diagnostic procedure to potentially improve accuracy and consistency
in diagnosing the condition. However, the adoption of these criteria
may be hindered by challenges such as varying levels of health-care
training and resources aswell asthe need for specialized equipmentin
some settings, which may limittheir widespread uptake. Globally, adop-
tion of the IACS criteria for scabies diagnosis depends on health-care
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infrastructure and practices across regions, and on the awareness of
the disease, including its sequelae. Advocating groups and experts
are needed to integrate the consensus criteria into existing clinical
protocols.

Inthe pastcentury, diagnostic testing has become acritical feature
of standard medical practice but, for scabies, the tests available to date
are restricted to visualization of mite presence, while rapid molecu-
lar tests detecting mite DNA, antigen or antibodies to mite protein
are not yet available as routine practice. The current gold standard
for confirmed diagnosis is the direct microscopic observation of the
mite, its eggs or faeces in a skin scraping taken from a scabies lesion.
Since burrows are few in numbers and also difficult to examine with
the naked eye, potassium hydroxide preparation using adhesive tape
sampling or a burrow-ink test along with microscopy is suggested to
increase the diagnostic sensitivity of microscopy***. The histopathol-
ogy of skin biopsies is recommended to confirm atypical scabies'”.
Although microscopy offers a specificity of 95-100%"°, the average
sensitivity is low, with~50% or less where the resources, expertise and
time for efficient microscopic examination are unavailable™. In addi-
tion, microscopy is time-consuming, invasive and often not feasible in
many primary health-care settings.

New microscopic diagnostic approaches. Dermatoscopyisamodern
form of microscopy, in which a hand-held imaging device with 10x
magnificationis usedto visualize mites and their productsdirectly on

the exposed skin, thereby avoiding invasive sampling procedures™.

The mites and burrow can be recognized based on their specific ‘jet
with contrail pattern’and, if coupled with amobile phone, imaging and
remote assessment are possible™®. Although dermatoscopy is rapid
and easierto use, itismore complex on darker skinand the equipment
is expensive>'*°, The sensitivity of dermatoscopy varies between
15% and 90% depending on the level of expertise'®**.

New, high-powered imaging techniques, such as videomicros-
copy and reflectance confocal microscopy, offer >90% sensitivity and
specificity'®. Although a single procedure costs only ~$US 30, the
apparatusitself and the attached computer are expensive and require
user training. Similarly, optical coherence tomography facilitates
observation of mites, mite products and burrows at high resolution'®
but the technology requires time and skill and is expensive.

Molecular diagnostic approaches. Theindirectdiagnosis of human
scabies, that is, diagnosis using serological methods to detect host
antibodiesinstead of detecting parasite material, has not progressed
as the humoral immune response in most patients with scabies is
weak and non-specific, particularly early in an infection or during
reinfection®. This also poses a challenge in the selection of the most
optimal (that is, specific and abundant) antigen for the development
of serological diagnosis. Whole mite extract is not a suitable source
for antigens due to cross-reactivity between scabies proteins and the
antibodies against house-dust mite proteins commonly presentin
human serum*®, As an alternative, arrays of single scabies-specific

mite antigens, such asapolipoprotein®, triosephosphate isomerase'*°,
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Fig. 7| Clinical presentation of crusted scabies.

a, Truncal crusted scabies in adiscrete patch, with
yellow scaling hyperkeratosis on an erythematous
background. b, Severe crusted scabies with very thick
adherent hyperkeratotic crusted plaques, fissuring
and resultantareas of breach of epidermis with
ulceration, which can become a nidus for secondary
bacterial infection. ¢, Extensive severe crusted
scabies of alimbwith thick adherent hyperkeratotic
crusted plagues and some exposed underlying
epidermis. d, Container with shed skin from skin
scrapings of severe crusted scabies with thick
hyperkeratotic plaques — thousands of mites can be
seen under dissecting microscopy.
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tyrosine kinase'*, calmodulin'*? and chitinase'*, have been tested and
may, as recombinant proteins, serve as diagnostic antigens.

Several nucleic acid-based amplification tests have been estab-
lished to develop surveillance diagnostic screening tools™*%'*%¢_Dif-
ferent target genes, such as ITS2 (ref. 145), or microsatellites*’ have
been trialled as targets for identification. While sufficiently specific,
their sensitivity issuboptimal since these techniques rely on sampling
of parasite material but extraction from asingle site usually does not
capture enough mite material for subsequent testing'*. Furthermore,
PCR-based technologies require extensive technical expertise, elec-
tricity and expensive instruments, which are usually not accessible
in the scabies-endemic context. Experts'?**%!“® and the WHOQ"***°
have requested the development of a point-of-care diagnostic test
forscabies.

Screening and prevention

There are no large-scale screening and prevention programmes used
routinely for scabies. However, due to the contagious nature of sca-
bies, prevention measures are important and should aim to shorten
the delay to diagnosis and have an optimal management for limiting
its dissemination, either at the individual or the community level*"°.
Controlling risk factors of scabies is important for prevention and,
depending upon the socioeconomic level of the population, should
include several considerations.

At the primary care level, scabies can be targeted amongst other
skin conditions with common practical algorithms, as exemplified
in Mali or Mexico™"'*%, Low-cost equipment, such as dermatoscopy,
is helpful*®. IACS has supported the promotion of education and
control initiatives in LMICs®. In residential care facilities, careful
and recurrentexamination of patientswithitchisrequired, and indis-
criminate use of topical corticosteroids without an appropriate and
clear diagnosis should be avoided. The index case and all contacts,
for example, entire households, should be treated simultaneously,
including in institutions, such as nursing homes or prisons, or whole
villages. Inthese settings, mass drug administration (MDA) using oral
ivermectin is effective’®*. Although oral ivermectin is on the WHO
Essential Medicines List, the drug is not approved or available world-
wide, donation programmes are lacking, and the cost may be high,
limiting itswidespread use. Environmental decontamination to prevent
fomite-based disease transmission includes washing clothes, towels
andbedding (preferably onahotcycle) or storage inasealed plastic bag
for 3—7 days™*. Community engagement and skin health promotion pro-
vide additional benefitto clinical treatmentand are crucial to achieving
sustained reduction in the prevalence of scabies and impetigo and
to prevent further outbreaks and re-introduction by neighbouring
communities'®.

Regarding interventions to prevent the spread of infestation
following close contact with people with scabies, clinical experience
identifies two main situations according to the number of infest-
ing mites. In classic scabies, a basic level of prevention is required,
involving simultaneous treatment of the index case and their cluster
(households, sexual contacts) along with ‘simple’ disinfection of
fomites, linen and the environment. In severe scabies, either pro-
fuse or crusted, prevention is key given the high infectivity of the
index case and public health consequences (outbreaks, source of
reinfection in endemic countries). The patient should be intensively
treated, including isolation and protective garments (requested for
the health-care providers too). The definition of contacts (‘circles’)
should also be extended.
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Scabies surveillance

There are currently no government-organized surveillance systems
in place as scabies is not a notifiable disease, thatis, it is not report-
able to health authorities in most countries. Therefore, prevalence
data depend on individual studies in different regions. However, at a
WHO-sponsored meeting in 2019, experts agreed that there was con-
vincing evidence that MDA can be highly effective in placeswhere the
prevalence is =10%"’. While existing MDA data suggest effectiveness
of 10-40% in populations with high or very high prevalence™*'*®, the
relative roles of MDA and case management in lower-prevalence (for
example, <10%) populations have not yet been adequately explored”®.
In addition, the lack of diagnostic clarity for assessing scabies popu-
lation prevalence makes comparisons of surveillance data between
populations problematic.

Management

Therapeutic management of scabies is multifaceted, aiming to eradi-
cateall stagesof the S. scabieilife cycle, alleviate symptoms, and prevent
complications and transmission. Treatment should be given to the
patientand all close physical contacts. Patient education plays apivotal
role in ensuring adherence to prescribed regimens, emphasizing the
importance of completing the entire course of treatment. Household
contactsand close associates (including sexual partners) also require
simultaneous treatment to treat asymptomatic carriers or prevent
reinfection. If possible, detailed verbal and written information about
scabies and the treatment should be given to the patient.

Classicscabies

Topical and oral pharmacological acaricidal (mite killing) agents are
available, with topical permethrin or oral ivermectin as the first-line
treatment optionsin most countries'®*>. Permethrin, asynthetic pyre-
throid, is a first-line treatment applied topically'®'®. It binds to mite
sodium channels, causing paralysis and death. The standard applica-
tion involves covering the entire body surface, from ‘head-to-toe’, to
ensureall mites are treated'’. Permethrinis generally well tolerated, yet
skinirritation may occur and treatment failures have been reported*°.
Ivermectin, an oral broad-spectrum antiparasitic medication, primarily
ananthelminticandinsecticide, providesanalternative or adjunctive
approach’°. Its mechanism involves interference with invertebrate
ligand-gated chloride channels, leading to neuronal hyperpolarization,
paralysis and death of the targeted organism'®. It has to be given ata
standard dose, and treatment must be repeated at least once, 7-14 days
apart, as ivermectin has limited ovicidal activity (that is, it does not
specifically kill the eggs (ova)) and a short half-life'®*%2,

Other topical agentsinclude sulfur, crotamitonand benzyl benzo-
ate (10-25%)"**°, Lindane and malathion, both effective neuroinhibi-
torsin controllingawide variety ofinsectsinagricultural settingsand
around homes, are in most countries no longer recommended for
topical treatment of scabies due to toxic adverse effects'®*'%.

Two Cochrane systematic reviews of data performed in 2010 and
2017 from >15 randomized controlled trials placed topical 5% per-
methrin and ivermectin at the same level of efficacy and safety'®>*°®.
AFrench cluster randomized clinical trial recruited patients with classic
scabies to establish which treatment, either 5% topical permethrin or
oralivermectin, both given twice at 10-day intervalsis the most effica-
cious (SCRATCH; NCT02407782)". It has been suggested that combi-
nation therapy comprising oral ivermectin and topical permethrinis
superior compared to monotherapy with any topical or oral agent'®®.
However, further studies need to be done to confirm this.
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An important factor to consider is that the treatments avail-
ableare poorly effective against scabies eggs and repeated treatments
are needed®'*°. The optimal interval between dosing still needs to
be optimized and should be short given the window between larval
hatching and development of the adult stage that can be fertilized.
Spinosad was developed as a topical suspension and approved by the
FDA in 2021 as the first single-dose scabicide'®, and oral moxidectin
is currently continuing development as a single oral dose regimen'"*

after successful results in adose-finding study'”.

Specific populations. In pregnantwomen, safety concerns may limit
the use of certain medications, emphasizing the importance of thor-
ough risk—benefit assessments'”. Interestingly, oral ivermectin is
allowed in France while itis notin the USA (FDA Cat C). Usage of iver-
mectin off-label ininfantsand young children (aged 1 monthto5years,
bodyweightunder 15 kg) has been reported to be safe and efficient™*";
however, thisage group may require modified treatment regimensand
careful monitoring due to their unique physiology.

Crusted scabies

Thereisnointernational consensus to date for the treatment of crusted
scabies,and most records come from small studies, mainly from experi-
encesinnorthern Australia, whereahigh number of patients are treated
for crusted scabies”’". Prolonged and repeated courses of treatment
are necessary to ensure complete eradication of the mite. lvermectin
is particularly useful in cases of crusted scabies in addition to topical
medications oralone when topical treatmentsare impractical. AFrench
randomized controlled trial (ongoing) investigated repeated appli-
cations of permethrin cream, two different regimens of ivermectin,
and emollient therapy to determine what is the minimal treatment for
cure'. Thiswork provides additional guidance, in line with Australian
consensus suggesting a regimen of multiple doses of oral ivermectin
with repeated topical permethrin and keratolytic therapy (treatment
that helps to soften and remove the outer layer of the skin contain-
ing mostly keratin) for crusted scabies treatment™® (Boxes 2 and 3).
The purpose of the Darwin Crusted Scabies Treatment Guideline'® is
to provide a framework for assessing patients with crusted scabies
(Box 2) and a suggested algorithm for treatment and management of
crusted scabies (Box 3).

Management of scabies-associated pruritus

and secondary infections

Apart from killing the scabies parasite, none of the available scabies
treatmentsdirectly targets the main symptom of the disease, which is
the intense pruritusand consequent concernswith secondary bacterial
infections.

Pruritusis mainly managed by treatment of the scabies infection
itself. However, post-scabietic itch can be prolonged and severe, and
some patients may require specific treatment. Antihistamines can
assist, butitis their sedative properties that are effective, rather than
ananti-pruritic mechanism®*”’. Emollients are also helpful in restoring
the skin barrier, reducing inflammation and treating the associated
dermatitis. If more severe, some eczematization of the skin may neces-
sitate topical corticosteroids, but this is not recommended as it can
mask and facilitate reinfection®"'®,

Appropriate treatment should be given for severe secondary bac-
terial infection. Depending on the severity and affected areas, topical
antibiotic creamsor systemicantibiotics mustbe used to target GASand
S. aureus (including methicillin-resistant S. aureus in specific areas)"’®.
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Box 2 | Grading crusted scabies

Crusted scabies is divided into three grades (grade 3 is the most
severe), taking into account distribution, severity of crusting, past
episodes and overall skin condition. Grading should be determined
prior to choosing a treatment regimen.

A. Distribution and extent of crusting

1. Wrists, web spaces, feet only (<10% total body surface area
(TBSA))

2. Above plus forearms, lower legs, buttocks, trunk or 10-30%
TBSA

3. Above plus scalp OR >30% TBSA

B. Crusting/shedding

1. Mild crusting (<5 mm depth of crust), minimal skin shedding

2. Moderate crusting (5—10 mm depth of crust), moderate skin
shedding

3. Severe crusting (>10 mm depth of crust), profuse skin shedding

C. Past episodes

1. Never had it before

2. One to three prior hospitalizations for crusted scabies OR
depigmentation of elbows or knees

3. Four or more previous hospitalizations for crusted scabies OR
depigmentation as above PLUS legs and back or residual skin
thickening and ichthyosis

D. Skin condition

1. No cracking or pyoderma

2. Multiple pustules and/or weeping sore and/or super icial skin
cracking

3. Deep skin cracking with bleeding, widespread purulent exudates

Score for Grading:
Grade 1: score 4-6
Grade 2: score 7-9
Grade 3: score 10-12

This Box draws on data from ref. 176 .

MDA inresource-poor populations

MDA is the administration of a drug to an entire population (some-
timeswith age restrictions) ofanarea, irrespective of individual infec-
tionstatus, to reduce or eliminate an infectious disease. International
funding has supported large-scale MDA programmes across multiple
countriesaddressing soil-transmitted helminths, trachoma, lymphatic
filariasis, onchocerciasis, schistosomiasis and yaws'®. Since the first
scabies MDAs using topical lindane in 1975 and topical permethrin in
1986 (ref. 180), scabies MDAs have mostly been sporadicand linked to
local initiatives, often with research funding. Nevertheless, success of
scabies MDAs in Pacific nations™* and advocacy from the IACS® lay the
groundwork for expansion of scabies MDA programmes.

An informal WHO consultation has provided interim guidelines
for considering scabies MDAs in regions where community scabies
prevalence is 210%'®. A total of three to five rounds of annual MDA are
recommended and asubsequent prevalence of <2%is the recommended
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Box 3 | Treatment regimen for crusted
scabies

Management consists of both oral and topical treatments as well as
thorough decontamination of the hospital and home environments
and treatment of close contacts.

Oral therapy

Ivermectin (adult and child 5 years and 15 kg)

Grade 1: 3 doses; days 0, 1, 7

Grade 2: 5 doses; days 0, 1, 7, 8, 14

Grade 3: 7 doses; days 0, 1, 7, 8, 14, 21, 28

Boosted Grade 3 * 10 doses; days 0, 1, 2, 3, 4, 7, 8, 14, 21, 28

Topical therapy
Scabicide: permethrin OR benzyl benzoate (+/— added tea tree oil)
every other day for irst week, then twice weekly thereafter until
discharged or cured

Keratolytic: urea/lactic acid OR salicylic acid, alternating with
scabicide until hyperkeratosis resolved

“Consider the 10-dose Boosted Grade 3 regimen for those patients presenting
with more than one episode in 12 months or more than three total episodes.
This Box draws on data from ref. 176 .

threshold for cessation of the MDA. Oral ivermectin is recommended,
with two doses 7-14 days apart, with topical permethrin for children
weighing <15 kg or <90 cm in height, pregnant women, and lactating
mothersinthe firstweek. Althoughasystematic reviewand meta-analysis
of scabies MDAs concluded that MDA can be highly effective for reduc-
ing the prevalence of both scabies and impetigo™®, many programmatic
aspectsrequire further researchand evaluation to optimize the specifics
of MDA therapy and implementation. These include the epidemiological
anddiagnosticalgorithmsthatdeterminewhenitis beneficial toinitiate
an MDA, whetherasecond dose of ivermectinis required, the optimum
time interval between MDAs and the MDA cessation criteria™®. The use
of oral ivermectin in pregnancy and in smaller children is being evalu-
ated by modelling as are the use of longer-acting oral moxidectin that
could be an alternative to the two doses of ivermectin'® and how best
tointegrate scabies MDA into MDAs for other NTDs.

Drug tolerance and resistance
The emergence of drug tolerance and resistance to commonly used sca-
biestreatments hasbeenalong-standing concern. Thereare increasing
reports of treatment failures with 5% permethrin in several European
countries, including Germany'®*¥° Austria’®” and Italy*®®*®°, where
permethriniswidely used. Failure rates of up to 70% have been noted,
despite the adoption of an intensified treatment with more frequent
regimens. Anuptickintreatmentfailures hasalso beenreportedinthe
UK'°. Deciphering mechanisms of treatment failure is complex and
can often be attributed to inadequate application'*, non-compliance
with correct treatment, reinfection from untreated contacts or lack of
follow-up treatment'®?. Indeed, some speculate that the above reports
represent pseudo-resistance'®.

More objective measures of resistance include in vitro assays
of drug exposure and genetic testing of mites for potential target
site insensitivity. The first documentation of permethrin resistance
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in scabies came from an experimental model (experimental rabbits
infested with canine mites) under prolonged drug selection. Mites
survived 15 h of in vitro permethrin exposure'* and contained amuta-
tion (G1535D) inthe Vssc gene encoding the permethrin target sodium
channel'®. Astudy undertaken on mites obtained from patients refrac-
tory to permethrin treatment concluded that a median survival time
of 6 h suggested no resistance was present'**. However, when taken
in the context of previous in vitro studies on acaricide-naive mitesin
whichsurvival times are shorter (3—4 h)**'¥’, these could be considered
to be permethrin tolerant. Another study reported that 65% of mites
exposed to 5% permethrin survived after 8 h of exposure, and 25%
remained alive after 12 h (ref. 198) suggestive of resistance. The first
molecular evidence of permethrin resistance in human-derived mites
hasbeendemonstrated, with a Vssc mutation (A1663T) detected in the
majority of mites'®?. This mutation is different from the one previously
identified but, importantly, it is found within the same gene'* and at
asite commonly associated with resistance in other arthropods. Fur-
ther genotyping of mites is warranted to determine the diversity and
extentof Vsscand potentially other mutationsand their contributions
to treatment failure. Whether resistance is amajor cause of failure or
pseudo-resistance related to pooradherence orincorrectapplication
of topicals remains controversial.

Reports of ivermectin treatment failure following appropriate
dosing are extremely uncommon'®®, but ivermectin resistance has been
documented intwo patientswith recurrentsevere crusted scabies given
multiple doses of oral ivermectin®®. Clinical observations have been

Box 4 | Testimony by a patient with scabies

It began with mild itching at night, but | did not pay much attention
to it assuming it was either an insect bite or an allergy. However,
with time, the itching got worse and | started having sleepless
nights. | noticed tiny water- illed itchy lesions all over my body.
It was then that | realized the itching was something di erent.
| went to the medical store and bought some over-the-counter skin
ointment. It did not bring any relief. The itching and lesions became
very evident to my family and colleagues. It got very embarrassing
for me and my productivity at work was soon a ected. The lesions
where | would scratch intensely were turning into reddish pus- illed
sores.

| then visited the dermatology department at the nearest
hospital. The doctors diagnosed my condition as scabies infection
and gave me treatment. The physician also mentioned that | had a
secondary infection and prescribed me antibiotic. | was advised that
all my family members should also take the treatment; however,
they, being asymptomatic, ignored the physician’s advice.

| inally started to feel better with treatment. The itch was
reducing gradually and the lesions were healing. However, | went
from sleepless nights to oversleeping for a few days because of the
anti-allergy pills that | was prescribed and my work continued to
be a ected. Just as | thought the ordeal was over; the itchy lesions
started to appear again and my misery continued. My parents
then confessed to having mild itching in the last 10-12 days. We
remembered the physician’s advice. All of us including my still
asymptomatic brother took the treatment. We also followed some
sanitation measures as advised. Our treatment is over and we all are
cured; however, | still dread this disease.
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Table 1| Summary of research gaps and research priorities for the next 5-10 years and in the long term

Challenges and gaps

Short-term research priorities

Long-term priorities

No re lection of the true global burden of
scabies, including secondary bacterial
infections

Develop a multiplex diagnostic tool for surveillance
of scabies and associated bacterial infections

Implement diagnostic tool in a global comprehensive
surveillance and mapping system to monitor prevalence,
treatment failures and drug resistance

Lack of understanding of true disease costs

Evaluate the economic effect and the cost-bene it
of control programmes, including integrated
skin—neglected tropical disease initiatives

De ine indicators to measure health-care costs and
indirect costs to the patients and to measure true disease
morbidity and burden

Advocate governance bodies for sustainable funds

Diagnosis of scabies has signi icant
limitations

Better understanding of scabies pathobiology to
identify highly sensitive and speci ic scabies biomarkers
and develop a point-of-care rapid antigen test

Deliver, globally, a sensitive, low-cost and equipment-free
point-of-care test and implement it as a standardized,
con irmatory clinical diagnosis

Develop training materials and provide validation
studies to widely implement the Consensus Criteria

for the clinical diagnosis of scabies

Existing scabicides are suboptimal (they
are not ovicidal, not bactericidal, not
anti-pruritic and there are reports of
emerging drug resistance)

Identi ication of new drug targets of the parasite to
develop new scabicides that kill all life stages of the
parasite and reduce pyoderma and pruritus

Preclinical and clinical trial interventions globally to
introduce a novel ef icacious treatment regime

No vaccine

Further vaccine basic research and preclinical evaluation

Test vaccine candidates in ield and clinical trials and
monitor the effects of vaccination programmes

Little awareness of the long-term health
consequences of scabies

of scabies

Provide molecular pathophysiological evidence of the
links between scabies and bacterial infections

More focus on biomedical research on the long-term
renal and cardiac consequences of untreated scabies

Increased research focus on the psychological effect

Update textbook knowledge
Increase public education accordingly and globally

Integrate surveillance, treatment and control, and public
awareness into national health systems globally, starting
with highly endemic countries

Advocate governance bodies in scabies-endemic
countries to recognize scabies as a public health problem

supported by invitro evidence ofincreased survival time*°** and gene

expression changesindrugeffluxand detoxification genesin mitesfol-
lowing ivermectin exposure®®. As ivermectin resistance isincreasingly
commonin other parasitic nematodes and arthropods, continued sur-
veillance foritsemergence in scabiesiscritical, especially considering
the increasing utilization of ivermectin, both for scabies therapy for
individuals and for MDA in community scabies programmes.

Integrated management of scabies and other diseases
Integration of skin NTD programmes is a priority set by the WHO?®,
The argument is that integrated approaches through common
diagnostic pathways, shared surveillance, combined drug and
non-pharmacological managementwill likely resultinimproved logis-
ticsand cost-effectiveness for health problems caused by several NTDs
prevalentin a population. A successful example has been the MDA
of ivermectin to treat onchocerciasis and lymphatic filariasis, which
was observed to reduce scabies and lice in Africa®®*. Notably, scabies
is often co-prevalent with other infections caused by a range of para-
sitic worms, arthropods and bacteria""*°*°, MDA targeting scabies
have shown efficacy in control with a high level of evidence®******°, at
least in the Pacific islands. Systematic studies are needed to evaluate
the effectiveness of varying parasiticide MDA regimens in different
epidemiological, socio-cultural and ecological settings.

Quality of life

Scabies has a determinable effect on quality of life (QoL)#°**. The
Dermatology Life Quality Index (DLQI) questionnaire isawidely used
instrument for assessing health-related QoL in many dermatological
diseases. Although thisinstrument does not fully recognize the psycho-
logical effects caused by scabies, itis stillcommonly used to determine
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the psycho-social implications of this disease®?. The mean + SD DLQI
score for scabies is typically reported in the range of 10.09 +5.96 to
14.95 +5.93 on ascale of 30; implicating a mild-to-moderate effect on
the QoL***° Other studies, however, reportavery large effect on the
QoL #2218 (Box 4). The intense and aggravated nocturnal itching that
resultsinsleep disturbance is experienced by almost all patients with
scabies?*#%%9 The interrupted sleep at night affects work efficiency
and leads to school absenteeism*®#?°, factors contributing to increased
DLQI ValUeS210'214'216'217‘219‘221.

Feeling of embarrassment is the most common psychologi-
cal problem experienced by many patients with scabies, affecting
~45.5-83.3% of affected individuals®*#¢%# Stigmatization and iso-
lation are very common social consequences, explainable because
of the rapid transmission of this disease, especially in close contact
facilities, for example, at work places and in shared housing and/or
sleeping spaces®*#%#9?2 Scabies hasalso beenassociated with depres-
sionand anxiety?0#4216217219221 parsonal relationshipsinadultsandan
effecton sportsand studiesinchildrenare reported to be amongst the
least affected domains®???'621%221 The secondary bacterial infections
observed inscabies and subsequent disease outlined earlier can cause
chronicdiseases, sequelae and even death.

Itis estimated from the GBD 2019 study that scabies causes 63.5
DALYs per 100,000 people and contributes to 0.19% of total DALYs".
A comparative analysis of QoL studied using DLQI for various skin
conditions indicated that scabies has a greater effect on QoL than
other non-venereal skin conditions such aseczema, psoriasis, contact
dermatitis and urticaria®**,

There has beenlittleresearch into the economic effect of scabies
in either micro-economic or macro-economic analyses. In Mexico®*,
expenditure on scabies treatment was substantial over a 6-month
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period, seriously depleting household cash reserves. A cost-of-illness
analysis for treating crusted scabies in northern Australia indicates a
substantial potential economic effect of crusted scabies prevention
programmes on health-care services®®.

The effect of scabies on QoL is observed globally, but it is vari-
able and depends on scabies prevalence in affected communities and
many further factors, such as economic status, housing, remoteness,
infrastructure and disease awareness. MDA using oral ivermectin for
disease control has been an effective tool in improving the QoL of
patients in scabies-endemic regions®’. Even though such intervention
could be quite effective inimproving QoL community-wide, low levels
oftreatmentand hence low or only temporary effects on QoL have been
reported®®. The repeated occurrence of the disease may influence
the responsiveness of patients and further negatively affect QoL*”.
Effective counselling regarding the importance of decontamination
measures, treatment compliance and simultaneous treatment of close
contacts may significantly help toimprove resolving scabies symptoms,
achieve sustained control and subsequently improve QoL*“.

Outlook

Gapsinresearch and research priorities

Despite a substantial growth in research activity in the past 5 years,
many challenges remain in research on scabies disease. Fuelled by
the recognition of scabiesasan NTD by the WHO in 2017 (ref. 150), itis
anticipated thatresearch activity in this niche field will further increase
and that it will attract the much-needed international attention and
collaboration of more expert researchers and clinicians, funders,
and policymakers to achieve disease control. Research gaps and
strategies have been identified'®"?*®??° (Table 1) and, with continuous
resources, commitmentand support, long-term priorities aiming for
global control of the scabies disease complex may be commenced
within the WHO-set timeline (by 2030).

Public health measures

InLMICs, access to effective treatmentis often inadequate and popula-
tion crowding increases the risk of transmission“’, leading to several
potential public health measures; mapping and surveillance of scabies
prevalence is urgently required, and a prevalence of 210% should be
considered for programmatic implementation.

Interim guidelines should be established for public health inter-
ventions for scabies control based on MDA, using oral ivermectin either
specifically for scabies™* or in combinationwith other NTDs. Whatever
the programme, controlling scabies with oral ivermectin only (without
adding antibiotics) may subsequently control scabies-related infec-
tions, including the appearance of secondary infections'®~#°* Finally,
local guidelines should be developed according to the health, socialand
geographical specificities of the countries®®, including refugee camps
if appropriate. Affordable access to scabicide medications is crucial
as well as having specific treatment regimens for young children and
infants. Indirect transmission could be prevented through increased
health education focusing on scabies™.

Middle-income and high-income countries

Scabies epidemics managementininstitutions, such asnursinghomes,
hospitals, schools, refugee camps and prisons, should be optimized
with specific evaluations; guidelines may help in such organizations®*,
High-level randomized controlled trialsare needed toimprove the man-
agementofscabiesat theindividual level, including for severe scabies.
Oral ivermectin should be available, approved and made inexpensive
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aswellastopical scabicides. It should be a priority to carefully monitor
treatments, investigate treatment failures, and monitor the potential
emergence of resistance and causes of treatment failure. Data are lack-
ing regarding pseudo-resistance (poor compliance)®** and real-life
effects of molecular resistance'®.

WHO/Sustainable Development Goals strategy and aims
Through the work of IACS, scabieswas finally recognized asaNTD by
the WHO in 2017. The WHO 2030 global targets for scabies™’ envis-
age that worldwide public health administrations will incorporate
scabies managementin their general health care and aim to conduct
MDA intervention in endemic areas with a prevalence of 210%. Oral
ivermectin is now included on the WHO Essential Medicines List
for scabies. Control strategies for scabies are recommended to be
integrated intoaskin NTD approach, adapted to the diseases present
inaparticular population.

Published online: 03 October 2024
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