CLOSE ENCOUNTERS WITH THE ENVIRONMENT

Immune Responses and Health
Disparities Warrant Scabies
Vaccine Development
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PRACTICE POINTS

. Dermatologists should be aware of the impact
scabies has on patients, especially on those in lower
sS0cioeconomic groups.

. Physicians and patients should be educated on
scabies prevention and treatment to help decrease
the spread of scabies infections.

Sarcoptes scabiei is an infectious parasite that causes scabies in
more than 100 mammalian species. The host immune response to
scabies infestation involves both the innate and adaptive immune
responses, making it a potential candidate for a preventive vaccine.
In this article, we provide an overview of S scabiei as well as the
host immune response to scabies infestations and the potential of
new scabies vaccines.

he scabies mite, originally known as Acarus

scabiei,' now is considered an arthropod of the

class Arachnida, order Astigmata, and family
Sarcoptidae.? Scabies mites are able to adhere to the
surface of human skin.? The mites burrow and lay eggs in
the top layer of the epidermis; most patients have 10 to
15 mites.* The patient’s immune system incites an allergic
reaction to the mite protein and feces in the skin, causing
itching and rash.*

Scabies is common in indigenous populations and in
low-income areas of developing countries.® It is most prev-
alent in Africa, South America, Australia, and Southeast
Asia, in part due to poverty, poor nutritional status,

homelessness, and inadequate hygiene.? In 2009, the
World Health Organization declared scabies a neglected
skin disease?; however, in 2010, 1.5 million disability-
adjusted life-years were attributed to scabies,® and it is
estimated that 200 million people worldwide have scabies
at any given time. Children and elderly individuals in
resource-poor communities are the most at risk. In fact,
5% to 50% of children in low-income areas have scabies.
The purpose of this article is to provide background on
scabies and its effect on the human immune system. We
also discuss manipulation of the immune response for the
purposes of creating a potential scabies vaccine.

Life Cycle and Transmission
The life cycle of Sarcoptes scabiei consists of 4 stages. The
first is the egg. As female scabies mites burrow under
the skin, they lay 2 to 3 ovular eggs per day.’ The second
stage is the larva. When the egg hatches, the larva has 3
pairs of legs and travels to the surface of the skin where it
burrows into the stratum corneum, creating short, nearly
invisible burrows called molting pouches. After 3 to 4 days,
the larva molts into a nymph, which is the third stage.
The nymph has 4 pairs of legs and will continue to grow
before molting into an adult, which is the fourth stage.
Both the larva and nymph may be found in hair follicles
or molting pouches. The fourth stage is the adult, which is
round and saclike and does not have eyes. Adult females
are 0.30 mm to 0.45 mm long and 0.25 mm to 0.35 mm
wide, which is half the size of adult males.®> On warm skin,
the female mite can crawl at a rate of 2.5 cm per minute.”
Scabies mites mate via an active male penetrating
the molting pouch of a female. This only occurs once but
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leaves the female fertile for the rest of her life. Once a
female is pregnant, she leaves her molting pouch and
travels along the surface of the skin looking for a place
to make her permanent burrow.’ The most common sites
for scabies burrows are the axillae, umbilicus, interdigital
spaces, beltline, buttocks, flexor surfaces of the wrists,
female nipples, and male penile shaft. Once she finds an
acceptable location, the female scabies mite will create a
serpentine burrow and lay her eggs. Once she burrows,
she will stay there and continue to lay eggs for the rest of
her life, lengthening the burrow as needed.’ Female mites
lay their eggs in the superficial epidermis, and the eggs
take approximately 2 to 3 weeks to hatch. Female mites
die 30 to 60 days later.?

Scabies infestations typically spread via the transfer
of pregnant adult females during skin-to-skin contact,
but they also can spread via fomites.® During all stages
of their life cycle, scabies mites can secrete enzymes that
allow them to penetrate the intact epidermis in less than
30 minutes; in fact, an otherwise healthy patient with
scabies must have 15 to 20 minutes of close skin-to-skin
contact with an infected individual for the disease to be
transmitted.” Because scabies mites can survive for more
than 3 days outside the human body, it is thought that
fomites also may be involved in transmission. Scabies
mites also have been collected from clothing, bedding,
and furniture, which further supports the idea that fomi-
tes are involved in disease transmission.”

Clinical Manifestation of Scabies
Scabies symptoms include severe pruritus as well as
linear burrows and vesicles in the interdigital spaces on
the hands, wrists, arms and legs, and lower abdomen.
Infants and young children also can develop a rash on
the palms, soles, ankles, and scalp. Men can develop
inflammatory scabies nodules on the penis and scrotum,
while women can develop these nodules on the nipple.*
Type I and type IV hypersensitivity reactions contribute
to the rash and itching associated with scabies infesta-
tion via host allergic and inflammatory reactions to the
mites and their byproducts. Patients with scabies typically
are infested with fewer than 15 mites,® but just a few
can cause substantial pruritus and scratching, leading
to hyperkeratosis.®

Additionally, when patients with scabies scratch the
skin, they become vulnerable to bacterial infections.?
Scabies lesions can be coinfected with group A strepto-
cocci and Staphylococcus aureus,® potentially leading to
abscesses and septicemia. These secondary infections
also can cause renal and cardiac complications; in fact,
in tropical areas, scabies infections are considered a risk
factor for kidney disease and rheumatic heart disease.*

The 2 main forms of scabies infestations are ordinary
and crusted. The most common form is ordinary scabies,
which typically manifests with fewer than 15 mites per
patient; crusted scabies (CS) is the more rare and extreme
form.® Cases of CS present with thousands to millions of
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mites per patient, leading to more widespread and severe
symptoms.? Because of the large increase in the number
of mites, CS is more contagious than ordinary scabies.®

Patients with CS typically present with hyperkeratotic
skin disease, as evidenced by thick scaly crusts with large
numbers of mites, which can lead to permanent skin
disfiguration. Patients with CS also can develop deep fis-
suring of the crusts, within which other microbes can gain
entry to the body and lead to secondary infection and
possibly sepsis and death. Also, because of the increased
number of mites as well as the crusted skin, patients with
CS are contagious for longer. As it is more difficult to
eradicate, reinfestation is common with CS.°

Patients with compromised immune systems are
predisposed to CS. Specifically, patients with HIV
or human T-lymphotropic virus 1 or those undergoing
organ transplantation are thought to be the most at
risk for CS.® Crusted scabies also has been identified in
large numbers in patients with Down syndrome and in
Aboriginal Australians; however, the reasoning for this is
poorly understood.®

Immune Response
The inflammatory reaction associated with scabies infes-
tations occurs 4 to 6 weeks after initial exposure. It is
hypothesized that scabies can alter parts of the host
immune system, which contributes to the delayed onset
of symptoms. Scabies mites also produce inactivated
protease paralogues and serpins, which help to protect
the mites from the host immune system by inhibiting the
complement system.®

The complement system is part of the innate immune
response and is the first line of defense against patho-
gens. Specifically with scabies infestations, C3 and C4
complement components have been found in skin lesions.®
C3a and C4a fragments cause local inflammation, while
C3a and Cba activate mast cells to release histamine and
tumor necrosis factor (TNF) o, further amplifying the
inflammatory response; however, CS lesions show low C3
and C4, which can indicate immunodeficiency in patients
with CS. It also can be due to the sheer number of mites
in a CS infection causing the host immune system to
be overloaded.®

Innate effector immune cells also are an important
part of the innate immune response to scabies; for exam-
ple, eosinophilia is seen in scabies infections. Specifically,
in CS, eosinophils help modulate and sustain the T-helper
(Th) 2 inflammatory response. One cytokine secreted
by Th2 cells is IL-5, which is closely associated with
the attraction, maturation, and survival of eosinophils.®
Eosinophils also can influence the Th1l inflammatory
response in that they produce IL-12, interferon (IFN) v,
and several Toll-like receptors. Furthermore, eosinophilic
expression of IL-2 can lead to expansion of regulatory
T cells, while eosinophilic expression of IL-10 and trans-
forming growth factor (TGF) B also can suppress local
inflammation by influencing regulatory T cells.®
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Additionally, mast cells and basophils are important
in the IgE-mediated allergic reaction as well as the host
immune response to parasites. When activated, basophils
and mast cells produce TNF-o, IL-6, I-4, IL-5, and IL-13,
which contribute to the Th2 inflammatory response;
however, the role of mast cells and basophils in scabies
infections still is poorly understood.®

Macrophages, neutrophils, and dendritic cells (DCs)
contribute to phagocytosis, antigen presentation, and dif-
ferentiation of T cells, which also contribute to the inflam-
matory and allergic reactions associated with parasitic
infections.® Macrophages have been found in low num-
bers in scabies infestation, possibly due to immune-mod-
ulating molecules secreted by scabies mites. Early in an
infestation, the mites secrete immune-modulating mol-
ecules, which inhibit macrophage migration to the site of
inflammation, allowing the mites to grow.® Neutrophils
and DCs also are involved in the host immune response
to scabies. Neutrophils are the predominant inflamma-
tory cell infiltrate in scabies lesions. The scabies protein
SMSB4 inhibits neutrophil opsonization and phagocy-
tosis, thus suppressing bacterial killing.® Some of the
first antigen-presenting cells encountered by the antigen
are DCs. They are involved in preparing the antigens for
presentation to effector T cells, which leads to T-cell dif-
ferentiation and activation.®

Cytokines are another important factor in the innate
immune response. The host immune response to ordinary
scabies is Th1-cell mediated, during which CD4+ and
CD8+ T cells secrete IFN-vy, TNF-0, and IL-2.° Therefore,
IFN- v and TNF-a. are elevated in the serum of patients
with ordinary scabies. Conversely, the host immune
response to CS is Th2-cell mediated. T-helper 2 cells are
needed in IgE-mediated hypersensitivity reactions, and
they secrete IL-4, IL-5, and IL-13. In the serum of patients
with CS, TL-14, IL-5, and IL-13 are elevated while IFN-y
is decreased.® Additionally, IL-6, TGF-f, IL-23, IL-1B, or
IL-18 can induce Th17 cells to generate and secrete IL-17,
which enhances the inflammatory response by inducing
further expression of TNF-o, IL-1pB, IL-6, keratinocytes,
and fibroblasts. T-helper 17 and IL-17 also are involved
in psoriasis and atopic dermatitis, as well as Leishmania
major and Schistosoma japonicum.

Regulatory T cells Tregs secrete TGF-B and IL-10,
which suppress pathologic inflammation, and IL-10
is substantially reduced in patients with CS compared
to those with ordinary scabies and uninfected control
patients. Additionally, IL-10 can inhibit the synthesis of
TNF-o and IFN-y. Reduced IL-10 expression can lead to
proliferation of IL-17 secretion, resulting in a regulatory T
cell/Th17 dysfunctional immune response.®

Immunoglobulins are antibodies that are involved in
the host’s adaptive immune response. The first antibody
to appear in response to an antigen is IgM, and IgM
bound to scabies antigens is present in 74%° of patients
with ordinary scabies. Because IgM is the first antibody
to appear in response to a scabies infection, detection

WWW.MDEDGE.COM/CUTIS

CLOSE ENCOUNTERS WITH THE ENVIRONMENT

of serum IgM may allow for earlier detection of scabies;
however, IgM has a high cross-reactivity between scabies
mites and dust mites, which can hinder scabies diagnosis
via IgM detection.®

Both patients with ordinary scabies and CS also show
an increased circulatory IgG concentration compared to
control groups; patients with CS have higher concentra-
tions. Increased IgG also can be in part due to concurrent
bacterial infections.® When IgG or IgM antibodies bind to
a pathogen, they activate the complement cascade, which
further enhances the activity of these antibodies.’

Additionally, IgA is important in mucosal immune
function. In both patients with ordinary scabies and CS,
there is increased IgA binding to recombinant scabies
mite antigens.® Sarcoptes scabiei proteases that are local-
ized in the mite’s gut and scybala suggest their involve-
ment in mite digestion and burrowing. The increased
secretion of these proteases into the host skin may
contribute to the increased IgA,’ and these increased IgA
levels have been shown to be positively correlated with
severity of scabies infection.®

Also essential in allergic and parasitic inflamma-
tion, IgE is observed at higher levels in secondary
infections of scabies compared to primary infections..’
Additionally, T-cell infiltrates are implicated in adap-
tive immune response to scabies. CD4+ T cells are the
most prevalent T cells in ordinary scabies skin lesions;
however, CD4+ T cells are minimal and CD8+
T cells are elevated in CS skin lesions. The increased
CD8+ T cells may cause apoptosis of keratinocytes,
leading to epidermal hyperproliferation. The apoptotic
keratinocytes can secrete cytokines, which can lead to
tissue damage.® These T cells also may be involved in the
failure of the skin’s immune system to mount an effective
response to the parasite infestation, leading to uncon-
trolled parasitic growth. Because patients with AIDS who
are infected with scabies mites often develop CS, it is also
thought that CD4+ T cells are essential in the immune
response to scabies.®

Diagnosis and Current Treatment Options
Current diagnosis of scabies is based on mites, eggs,
and fecal matter from the host’s skin. Dermoscopy and
fluorescent dermoscopy can be helpful in identifying
the mites, eggs, and feces on the patient’s skin. Scabies
treatment sometimes may be based solely on symptoms
without any positive tests.®

Acaricides are the current method of treatment for
scabies infestations.® Acaricides can be expensive and
toxic to the environment and food sources,'® and some
agents have been associated with neurotoxicity® in chil-
dren or the development of certain cancers.! Although
topical acaricides are the standard form of treatment,
oral ivermectin also can be used. Ivermectin is not asso-
ciated with selective fetal toxicity, but there are limited
safety data in pregnant women and in children weighing
less than 15 kg (33 Ib). Additionally, because symptoms
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typically are not present during an early infection, treat-
ing everyone in the household and those who had close
contact with the patient can help prevent reinfection.*

Although these drugs have been shown to be effective
at treating scabies, scabies mites are becoming increas-
ingly resistant to acaricides.’ There are 4 main proposed
mechanisms for why this occurs.’? The first is through
voltage-gated sodium channels, which are involved in the
normal functioning of neurons and myocytes. Permethrin,
a type of acaricide, binds to voltage-gated sodium chan-
nels when it is in an open or active state and prevents
it from closing. This creates repetitive neuron firing and
hyperactivity, which ultimately kills the scabies mite.
Some mites have mutated to close this channel, which
reduces the binding potential of permethrin. Glutathione
S-transferase is another mechanism of resistance. It cata-
lyzes a bond that tags drugs for elimination. Increased
activity or expressivity of glutathione S-transferase by
scabies mites can lead to drug resistance.'? Adenosine
triphosphate-binding cassette (ABC) transporters also
may contribute to this resistance. The ABC transport-
ers use adenosine triphosphate to facilitate the import
or export of molecules. Scabies mites express a protein
called the multidrug-resistant protein, which is an ABC
transporter that is associated with drug resistance and
is present in scabies mites.”? Lastly, ligand-gated chlo-
ride channels have been implicated in scabies resistance
to acaricides. Ligand-gated chloride channels also are
important in normal functioning of neurons and myo-
cytes. Some antiparasitic drugs act on these channels,
leading to a continuous influx of chloride, but some sca-
bies mites have mutated this pathway.'?

Pesticides and the Risk for Cancer
Pesticides commonly are used to treat scabies; however,
a link between pesticide exposure and leukemia and
lymphoma has been seen through epidemiologic studies,
and there also is increasing biological evidence to sug-
gest this." For example, the pesticide permethrin, which
works by paralyzing the nervous system of insects,” has
been associated with an increased risk for leukemia and
lymphoma in humans. Permethrin is a pyrethroid and,
compared to control patients, children with leukemia had
higher levels of pyrethroid metabolites in their blood."
Numerical and structural chromosomal aberrations that
give rise to gene fusions are the most common abnormal-
ities seen in leukemia, and permethrin has been shown to
induce DNA breaks, chromosome aberrations, and sister
chromatid exchanges.!* Permethrin also has been associ-
ated with an increased risk for multiple myeloma."
Furthermore, in utero exposure to pesticides has
been associated with an increased risk for childhood
leukemia.® Pesticide exposure shortly before conception,
during pregnancy, and after birth is associated with an
increased risk for acute lymphocytic leukemia.'® In fact,
the children of mothers who were exposed to pesticides
3 months before conception have been found to be at
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least twice as likely to be diagnosed with acute lympho-
cytic leukemia within the first year of life compared with
children whose mothers were not exposed to pesticides."”
It is hypothesized that permethrin can cross the placenta
and alter the hematopoietic precursor cells in the fetus,
resulting in leukemogenesis.”® Pyrethroid metabolites
also have been detected in umbilical cord blood samples
and breast milk."

In contrast to the research demonstrating a link between
permethrin and cancer, other studies have found no asso-
ciation between permethrin'® and leukemia®’; non-Hodgkin
lymphoma'; or cancers of the colon, rectum, pancreas,
lungs, skin, female breast, prostate, and urinary bladder.”
Because of conflicting research on the link between perme-
thrin and cancer, more research is needed.”

Importance of a Scabies Vaccine

Because scabies mites are developing increasing treat-
ment resistance, more radical approaches such as vac-
cines are becoming important. While a scabies vaccine
is still aspirational, animals that have been infected for a
second time with scabies demonstrate a milder response
to the second infection compared to the first infection,
which could mean there is a potential for disease pre-
vention through a vaccine. While educating patients
and physicians, reporting cases of infection, and improv-
ing drug supply and access can help decrease scabies
infestations, these are costly and difficult to implement.
Scabies already is most prevalent in low-income areas,
so costly interventions are even less feasible. An effective,
one-dose vaccine would cost less than these efforts and
therefore could be implemented more easily.’

In older adults, scabies more often manifests atypi-
cally and is more likely to progress to CS. Aged care
centers are prone to institutional outbreaks, even in
developed countries, so a vaccine also would greatly help
this population. Additionally, the number of children
attending day care centers, which also are prone to sca-
bies outbreaks, is increasing. When a child contracts sca-
bies, all close contacts need to be treated, so a preventive
vaccine can be useful.’

One potential candidate for a scabies vaccine is total
mite extract. Studies show that rabbits immunized with a
total mite extract induce antibodies to more antigens than
rabbits naturally infested with scabies mites; however, the
mites cannot be cultured in vitro, which makes obtaining
a large amount of their total extract difficult. Therefore,
recombinant vaccines also have been proposed, as they
are more easily available.? One recombinant vaccine
candidate is recombinant S scabiei serpin (rSs-serpin).
Immunization with rSs-serpin has strong immunogenic-
ity and produced immune protection in rabbits.?

Two other recombinant vaccine candidates are the
rSs chitinaselike protein (CLP) 12 and the rSsCLP5.
Chitinaselike proteins are very similar to chitinases;
however, they are unable to degrade chitin. They are
involved in immune reactions to infections, and CLPs
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from scabies mites have been shown to induce the host
immune response.” For example, in a particular rabbit
study, rSsCLP5 demonstrated high immunoreactivity and
immunogenicity. In fact, after exposure to S scabiei, 74.3%
of rabbits who were vaccinated with rSsCLP5 had no
detectable lesions.® Also, after immunization with rSsCLP5
and rSsCLP12, there were increased levels of specific IgG
and IgE antibodies produced and decreased numbers of
infesting mites.?? Weight loss also is associated with severe
scabies infection. Rabbits vaccinated with rSsCLP5 and
exposed to the parasite gained weight, indicating protec-
tion via rSsCLP5. Even rabbits who did develop symptoms
of scabies after immunization with rSsCLP5 and exposure
to S scabiei showed less serious manifestations.’

A combination vaccine cocktail of rSs-serpin, rSsCLP12,
and rSsCLP5 also has been proposed by Shen et al.*? Four
test groups and a control group (n=12 per group) were
included in a vaccine trial. Between 83.33% and 91.67%
of rabbits vaccinated with this mixed recombinant cocktail
vaccine had no detectable skin lesions from scabies. After
immunization with the cocktail vaccine, the specific serum
IgG and IgE antibodies also increased. For both IgG and
IgE, increased levels were first detected at 1 week postim-
munization and peaked at 2 weeks postimmunization.”
A multiepitope vaccine derived from these 3 recombinant
proteins also was explored by Shen et al? fewer rabbits vac-
cinated with it had no detectable scabies skin lesions com-
pared to those treated with the vaccine cocktail. Although
the multiepitope vaccine yielded less immume protection,
it was associated with a slower disease course and milder
symptoms compared with no vaccination.?

Two more proposed scabies recombinant vaccine can-
didates are derived from the antigens Ssagl and Ssag2;
however, rabbits vaccinated with Ssagl or Ssag2 showed
no immune protection or mite burden reduction.” The
lack of protection could be due to denaturation or deg-
radation of the protective antigens. It also can be due to
the low abundance of these antigens, meaning they may
not be vital for the mite’s survival—a potential avenue for
future research. The antigens also could have lost their
native structure and immunogenic properties during
the purification and production process. Therefore, more
research is needed to investigate how to purify these
vaccines to keep the peptides more structurally similar
to their native makeups.'® More research also is needed
to better understand the antigen or antigens and their
mechanisms that elicit a protective immune response.’

Final Thoughts

Scabies causes severe pruritus in mild cases but also can
lead to severe disfigurement, sepsis, and even death.
Scabies infestations are seen disproportionately more
often in low-income and resource-poor communities,
and the current treatment options are less accessible to
these populations. Scabies infestations induce a com-
plex immune response that involves multiple aspects of
both the innate and adaptive immune systems and can

WWW.MDEDGE.COM/CUTIS

CLOSE ENCOUNTERS WITH THE ENVIRONMENT

be targeted to create a scabies vaccine. Development
of a scabies vaccine is crucial considering the growing
resistance to current standard treatments. Acaricides
potentially are associated with an increased risk for
malignancy, which further amplifies the need for a scabies
vaccine. There currently are multiple promising scabies
vaccine candidates; however, more research is needed to
better understand the host’s immune response to scabies
as well as how to more accurately and efficiently produce
the vaccine. The development of a safe, effective, eco-
nomical vaccine that can be mass distributed would
be beneficial in the treatment of scabies, especially in
resource-poor communities.
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