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Abstract

Prurigo pigmentosa (PP) is characterized by an initially pruritic inflammatory rash on
the torso and nape of the neck, which fades subsequently to leave a reticular macular
hyperpigmentation. Among the list of suggested potential aetiological factors, ketosis remains
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an indisputable cause. However, the mechanism(s) linking ketosis and PP remain largely
unknown. Recently, dermatologists have been confronted with an outbreak of PP induced by

ketogenic diets (KD) and bariatric surgeries. Atypical forms (bullous variant) and localizations
have been encountered. Herein, we review the relevant literature on PP, discuss its link to
ketosis with current and future perspectives and propose a hypothesis for its aetiopathogenesis.

Key Worns: Bullous, confluent and reticulated papillomatosis, ketogenic diet, prurigo

pigmentosa

Introduction, Definition and History

Initially described by Nagashima et al. in 1971 and
dubbed as ‘prurigo pigmentosa’ (PP) in 1978, PP is a
rare, sporadic, pruritic recurrent inflammatory cutaneous
disorder of unknown aetiopathogenesis.*

Recently, there has been a remarkable surge in PP
prevalence in accordance with the popular ketogenic
diets (KD) and bariatric surgeries.**?

Methods

The aim of this article was to provide an updated
concise review on PP and to discuss its metabolic link
to ketosis.>1113-11 In addition, we sought and proposed
a hypothesis that could potentially explain this link,
commented on current and future perspectives and
highlighted the need for targeted research on ketosis
and PP.

We conducted a PubMed search of English-language
articles indexed for MEDLINE using the following key
terms: Prurigo pigmentosa, ketoacidosis, diet, ketones,
ketogenic, fasting, diabetes and bariatric surgery. We
reviewed the abstracts and retrieved and summarized
those articles most relevant for the scope of this review.

Epidemiology
The exact prevalence of PP is unknown. Worldwide,
about 400 cases have been reported hitherto.l:31617]
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It was once considered a rare disease; however, there
is an upward escalation in its prevalence.***? The
disease is comparatively rare in the Western world; many
cases have been described in Japan and other Eastern
Asian countries.[*>*>18211 This may be ascribed to the
disorder’s initial reporting from Japan, and unfamiliarity,
misdiagnosis or underdiagnosis in the Western world, rather
than implying a genetic predisposition of the Japanese
population per se.>'*1%?2 As the recognition of the disorder
has amplified worldwide, cases of PP have been published
from white, Hispanic and black populations, refuting the
role of race or ethnicity in its development.(®-1113:16-19,22-28]
The disease has a predilection for young adult females
(female/male: 2-6) and typically presents in spring or
summer, 245212225331 T approximately 85% of cases, the
onset is between 11 and 30 years of age.*** PP has not
been reported in prepubertal children or the elderly.!**%23

Clinical findings
PP is characterized by a distinctive staged clinical
presentation, that is an acute early inflammatory

phase, a mature phase and a chronic late resolution
phase [2-4,12,18,36]

The early inflammatory phase has an abrupt onset
and a dynamic course, and usually lasts less than
a week. 11620223237 The  characteristic lesions are
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itchy  erythematous macules, urticarial papules
and plaques.>20303338391  Tn  the mature phase,
blisters, papulovesicles, crust formation, scaling and
excoriations may be encountered [Figures 1 and 2].%*%
Bullous, pustular and wurticarial variants have been
reported.>1134354041  New lesions are continuously
formed, while the older ones coalesce and subside,
leaving behind a mottled reticular pigmented macular
network at the late phase [Figure 3].[22629:30.33,38.39.42]
The sites of predilection include the upper back and
scapular regions, nape of the neck, clavicular regions
and inter- and sub-mammary areas of the chest.[16:20.29.30]
Rarely, the lesions may occur at other sites, such as
the face, forehead, abdomen, lumbosacral area, pubis,
antecubital fossae, shoulders and limbs.[47:2029.30.39]
Although the lesions are almost always symmetrically
arranged, unilateral and segmental variants have
been published.>*>*) Pruritus is the most bothersome
symptom, elicited in 80% of patients.!*

Dermatoscopy

In the early stage, dermatoscopy  displays
erythematous papules with overlying whitish scales
(representing dyskeratosis), brownish-black to blue-grey
dots and globules, punctate or linear vessels, and
blue-white veil-like structures. Late resolving lesions
demonstrate brownish reticular pigmentation with
islands of brown-grey dots (representing dermal pigment
incontinence), and prominent peripheral linear blood
vessels,[1543]

Histopathology and immunohistochemical
findings

The histopathological scene is also staged and variable
depending on the time of biopsy.[>'*?244 The portrait
is dominated by neutrophils in the early inflammatory
phase, whereas lymphocytes and eosinophils play the
leading roles in the mature phase. Epidermal reaction to
injury and dermal melanophages become more pronounced

as the disorder progresses to the late phase.[*327:37]

Figure 1: Bullous prurigo pigmentosa. Reticular erythematous papules and bullae on
the chest and abdomen (left). Closer view of bullous lesions (right)
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The histopathological landscape in the early phase
consists of epidermal thinning, inter- and intracellular
oedema, focal spongiosis, scanty necrotic basal
keratinocytes, neutrophil exocytosis, rare neutrophil
microabscesses, dermal papillary oedema, dilatation of
superficial blood vessels, and superficial perivascular
and interstitial infiltrate mainly composed of
neutrophils, [417.19.22:27.29,30,33.36-401 ~ Neutrophil microabscess
formation in the epidermis is archetypal, and neutrophils
adhere to oedematous or necrotic keratinocytes in
a clumped or single-cell manner.” In more mature
and bullous PP, the panorama is dominated by
numerous necrotic keratinocytes (focal; and rarely
overall epidermal necrosis), marked spongiosis,
ballooning, profound vacuolar alteration and reticular
degeneration of the basal layer, intraepidermal or
subepidermal  vesiculation, lymphocyte exocytosis,
and a patchy lichenoid lymphocytic and eosinophilic
infiltrate [Figure 4].(2461617.1927.3337.39] The portrayal in the
late phase comprises acanthosis, marked parakeratosis,
hyperkeratosis, perivascular infiltrate of histiocytes and
lymphocytes, pigmentary incontinence and melanophages
in the papillary and reticular dermis.[?:16:19.23.27.29,37,40,44]

Immunohistochemical studies disclose a predominance
of CD4+ T cells in the dermal infiltrate and CD8+ T
cells in the epidermis [Figure 5], intense lymphocyte
function-associated antigen 1 (LFA-1) immunostaining
of dermal and epidermal lymphocytes, increased
CD1+ cell population in the epidermis and marked
expression of intercellular adhesion molecule 1 (ICAM-1)
(the ligand for LFA-1) and human leukocyte antigen -
DR isotype by lymphocytes in the lower epidermis.!
Interleukin-6 (IL-6) is significantly increased in the
lesional skin.[!

Direct  immunofluorescence  (DIF) and indirect
immunofluorescence (IIF) studies consistently yield
negative or nonspecific findings. 6233435

Figure 2: Vesiculobullous prurigo pigmentosa. Reticulated erythematous papules
with crusting on the nape of the neck (left). Blistering erythematous papules on
the inframammary areas (right)
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Differential diagnosis

The list of differential diagnostic considerations
embraces pigmented contact dermatitis, lichen
planus pigmentosus, prurigo melanotica, reticular

erythematous mucinosis, erythema ab igne, macular
amyloidosis, Riehl’'s melanosis, acute systematic lupus
erythematosus (SLE), Darier's disease, urticaria, drug
eruption, erythema multiforme, pityriasis lichenoides
et varioliformis acuta, atopic dermatitis, Dowling-Degos
disease, Galli-Galli disease, wurticaria pigmentosa,

erythema dyschromicum perstans, poikiloderma vasculare
atrophicans and confluent and reticulated papillomatosis

Figure 3: Bullous prurigo pigmentosa (left). Resolution with pigmentation after
2 weeks of doxycycline treatment at a dose of 100 mg/day (right)

Figure 4: Bullous prurigo pigmentosa. Intraepidermal vesicles, containing both
eosinophils and neutrophils, prominent eosinophilic and neutrophilic spongiosis,
perivascular and interstitial dermal infiltration, composed of eosinophils, lymphocytes
and histiocytes (H and E x20)

of Gougerot and Carteaud.?#61225193031391 Byllous PP
should be distinguished from bullous SLE, linear IgA
bullous dermatosis, pemphigus, bullous lichen planus
and dermatitis herpetiformis.?¢

Course and prognosis

PP has a chronic, waxing and waning course with frequent
recurrences and spontaneous remissions. (25613222339
Recurrent PP occurs in almost half of patients usually
in spring or summer time, and remains strictly confined
to pigmented areas.[2430323639451 Tn all patients, the
net-like hyperpigmentation persists for months to years,
even after successful therapeutic alleviation of the
inflammation and pruritus.[?>:11:19.22.44]

Treatment

All therapeutic regimens effective in PP are thought
to act through anti-inflammatory, anti-neutrophilic
and immunomodulatory properties.[?459:27.2830,33,34,36-38,44]
Minocycline 100-200 mg per day for 3-5 weeks is the
treatment of  choice.[26:19.21:22:24.26:30-32401  Tatyacycline
2 x 500 mg/day or doxycycline 100-200 mg/day for
2-8 weeks are alternatives.[*17:222627.3336] Dapsone 25-100
mg/day is dramatically effective, although adverse
effects may preclude its use*??3°3U Potassium iodide,
trimethoprim-sulfamethoxazole and macrolide antibiotics
(clarithromycin, azithromycin and roxithromycin)
are useful in some casest#1832343846] Qral retinoids are
reserved for refractory casesi?®3! As expected from a
predominantly neutrophilic disorder, colchicine has
been reported as a beneficial therapeutic regiment®
Phototherapy (NB-UVB) is another therapeutic option in
patients with allergies or contraindications to systemic
medications!®®

Aetiopathogenesis

The aetiopathogenesis of PP is an enigma. Both
endogenous and exogenous factors have been implicated
in its incitement or exacerbation.’ Suggested potential
causes are presented in Table 1. Neutrophil-mediated
inflammation with the production of oxygen
intermediates is suspected to be the main pathogenetic
event[2,30,38]

Figure 5: Prurigo pigmentosa. Prominence of CD4+ T lymphocytes within the dermal infiltration. CD4+ (left) and CD8+ (right) T-cell immunostaining
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Table 1: Suggested causes of prurigo pigmentosa.

ENDOGENEOUS Genetic factors

Hormonal factors

Allergic contact dermatitis

* Sporadic; familial predisposition unproven.

* Only one report of PP occurrence in monozygotic twins.

* Based on female predilection, worsening during pregnancy and menstruation,
association with polycystic ovary syndrome.

* Speculations involve paraamino compounds (e.g.: TCP) used in cloth
manufacturing, nickel, chrome in detergents, chromium in acupuncture needles
and trichlorophenol. Patch tests positive for chrome in two cases.

*The absence of positive history and patch test findings in most cases disputes

contact allergy proposal.

Atopic tendency
Rheumatologic disorders

* Atopy may be present.
* A PP-like persistent rash observed in patients with Sjogren syndrome and

adult-onset Still’s disease.

EXOGENEQUS Physical factors

* Physical trauma, mechanical irritation, rubbing, friction from clothes,

sweating, summer heat, sunlight exposure, exercise, wearing wet clothing.

Drugs

not proven.
Environmental contaminants
Infections

* Bismuth, carbamazepine, clomipramine HCl and bromazepam implicated, but

* Speculation relies on the frequency of Japanese cases.
* H. pylori and Borrelia species (Borrelia garinii and Borrelia afzelii) implicated

in PP occurrence.

* PP is speculated to represent a manifestation of Lyme disease.

Dietary changes and
ketoacidosis

* Uncontrolled DM with ketoacidosis, insulin-dependent DM, pregnancy with
hyperemesis gravidarum, fasting, starvation, carbohydrate or calorie-restricted

strict dieting, ketogenic dieting, Paleolithic (paleo) dieting, Atkins dieting,
intermittent fasting (Ramadan), anorexia nervosa, obesity, sudden weight loss,
prolonged and excessive exercise, alcohol intake, primary biliary cirrhosis,
bariatric surgery (laparoscopic sleeve gastrectomy), gastric surgery.

* Gut dyshiosis suspected as a pathogenetic factor.

Ketosis and PP

Among the list of potential aetiological factors of PP,
ketosis has gained attention within the last decade
and has become a trending topic. There has been a
‘miniepidemic’ of PP due to popular celebrity-endorsed
KD and bariatric surgeriest571%3 Public awareness
of the condition has also boosted, and fans of the
paleo and KD have coined the term ‘keto rash’ for this
condition*%'? As dermatologists, we have recently been
confronted with an outbreak of PP prompted by KD. We
have observed not only classical PP, but atypical bullous
variants and localizations as well [Figures 1-3].

The relevant literature shows that ketosis is the main
culprit in PP provoked by diet changes and bariatric
surgeries and patients with PP exhibit increased levels
of wurine and/or serum ketonesl?#>7911131426354147.48]
Diet changes are associated with PP occurrence in at
least 50% of the cases, and KD is responsible for 40%
of diet-provoked PP cases®*¥! Interestingly, PP recurs
with each KD provocation and spontaneously resolves
following resuming of a carbohydrate-enriched (=50 g/
day) regular balanced dietB*71131631 Thys, dietary
adjustment alone may completely alleviate PP lesions
in patients on restrictive diets, dispensing the need for
medication use or phototherapy.[*!
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A KD consists of reduced carbohydrate (5-10%; usually
<50 g/day) and increased fat (75-80%) and protein
(15-25%) content in the diet.'**! KD seems to bring
health and well-being in all aspects of medicine."”
Traditionally, it has been employed to treat epilepsy.
Over the last decade, it has gained a worldwide
reputation for its ability to provide rapid and substantial
weight loss, and to help control of obesity, metabolic
syndrome, diabetes, hypertension, cardiovascular disease
and autoimmune disorders.**Y Based on small clinical
trials, population studies and basic science research, a
promising adjunctive therapeutic role for KD has been
proposed in dermatologic disorders as well (such as
acne, autoinflammatory syndromes, diabetic skin disease,
cutaneous neoplasms and wound healing)."

KD is known to harbour anti-inflammatory properties
through NLRP3 inflammasome suppression.“>*% However,
KD may also have detrimental effects on skin and
paradoxically trigger or aggravate skin inflammation.
A recent study showed that KD may exacerbate psoriasis
through neutrophil and IL-17A-mediated cutaneous
inflammation.? Ketone bodies (beta-hydroxybutyrate,
acetoacetate, acetone) are believed to accumulate
and induce a predominantly neutrophil-mediated
perivascular inflammation, which might also pave the
way to PP development.[?>111316.17.48521 Ketone bodies
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have been shown to upregulate ICAM-1 expression
on epidermal keratinocytes and LFA-1 expression on
leucocytes.*®! ICAM-1/LFA-1 interaction is believed to
be the pivotal event by which leucocytes can adhere to
keratinocytes and endothelial cells, permitting leucocyte
tissue migration and indirectly producing keratinocyte
cytotoxicity.l'62636451  Alternatively, ketone bodies may
enter the cells and alter intracellular processes, directly
leading to keratinocyte cytotoxicity.[*”!

Conclusion, Current and Future
Perspectives and Proposal of a Hypothesis

Based on this evidence, there is an ultimate cause-effect
relationship between KD and PP. However, the exact
pathogenic mechanisms remain unclear. Although
there is no medical publication, the sweating has
been conveyed to elicit PP and there are self-reports
of oversweating after starting a KD. Ketone bodies are
known to alter body odour and excreted in sweat during
exercise or emotional sweating.>*¥ In our opinion,
alterations in the cutaneous microbiome (skin dysbiosis)
due to increased ketone excretion in sweat, possibly in
patients with a genetical predisposition, might transpire
PP pathogenesis. Gut dysbiosis has been suspected as a
pathogenetic factor in PP, and hence, several studies
have investigated the alterations in gut microbiome by
KD. So far, no study has assessed KD-induced alterations
in the cutaneous microbiome. Although PP has been
proposed to represent a reactive inflammatory condition
against follicular colonization by bacteria,®™ there are
no data on the type and spectrum of bacterial colonies
involved.

The clinical and histological settings of PP
are reminiscent of either an allergic contact
dermatitis (where a LMW antigen induces delayed-type
hypersensitivity reaction) or a superficial infection (with
clonal proliferation of antigen-specific CD4+ and CD8+ T
cells). We postulate that a microorganism (bacteria
or fungus) residing within or colonizing the skin and
feeding on ketones and/or lipids might be responsible
for PP development, either directly or indirectly
through antigenic mimicry (cross-reaction). Clinically,
a staged presentation (initially inflammatory lesions,
later resolution with pigmentation), reticulation
(Koebnerization?), instant response to antibiotics and
site-specific recurrence (antigenic recall?) of PP lesions
might point to a superficial infection or epidermal
self-antigen (such as HSPs). Histopathologically,
a staged presentation (neutrophils initially and
lymphocytes later), an epidermal CD8+ T-cell and dermal
CD4+ T-cell infiltration may imply that innate and in
due course adaptive immune systems are activated.
A CD8+ T-cell attack directly to a microorganism or
indirectly to an epidermal self-antigen and production
of IL-8 and other cytokines by the infiltrating CD4+ T

150

cells and keratinocytes (creating a neutrophil-mediated
inflammatory loop) might underlie PP pathogenesis. We
presume that both autoinflammation and autoimmunity
might be involved. In this scenario, Th17 subset of
CD4+ T cells, responsible for neutrophilic and monocytic
inflammation for defence against extracellular bacteria
and fungi, and stimulated via IL-1 signalling, might
play a crucial role.

Future research should assess ketone excretion and
antimicrobial peptides (dermcidin) in eccrine sweat,
ketone utilization by cutaneous microbiome, fatty acid
composition of sebum, cutaneous microbial diversity and
dysbiosis (particularly focusing on Malassezia spp. and
Cutibacterium), innate (TLR, NLR, NLRP-3 inflammasome
activation, caspase-1, IL-1, IL-6, IL-8, TNF-a,, TGEF-B,
IL-10 and IL-18) and adaptive (particularly Th17
cytokines IL-17A-F, IL-22, IL-20 and those involved
in Th17 lineage differentiation such as IL-23) immune
system components in patients with PP.
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