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ABSTRACT

Cystic fibrosis (CF) is an autosomal recessive affliction triggered by genetic mutations in the
cystic fibrosis transmembrane conductance regulator. The lung and pancreas are the most fre-
quently affected organs in cystic fibrosis, cutaneous involvement is undervalued and underdiag-
nosed. Skin lesions observed in patients diagnosed with cystic fibrosis are not well known and
can create confusions with other dermatological diseases. The diagnosis of cutaneous lesions
as signs of cystic fibrosis by pediatricians or dermatologists, despite their overlapping with dif-
ferent nutritional deficiencies, would allow earlier diagnosis and proper treatment and could
improve quality of life and outcomes.
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INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive affliction triggered by genetic
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR)
gene situated on the long arm of chromosome 7, with over 1,500 different genet-
ic variants being described to encrypt the synthesis of the CRT protein.»> The
CRT protein regulates the transportation of the chloride ion across epithelial
cell membranes in the respiratory, digestive, reproductive tracts, as well as in
the skin. Cutaneous lesions observed in patients diagnosed with cystic fibrosis
are not well known and can create confusions with other dermatological dis-
eases. The recognition of cutaneous manifestations of cystic fibrosis by pediatri-
cians or dermatologists could represent the first step of an early diagnosis, a cor-
rect treatment, and follow-up, and may improve the quality of life and outcome.

Cutaneous lesions described in cystic fibrosis are:!
o nutrient deficiency dermatitis of cystic fibrosis (CFNDD);
« allergies: atopy, urticaria, drug hypersensitivity reactions, photosensitivity;
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TABLE 1.
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Differential clues between CFNDD and Kwashiorkor3-6

CFNDD

Kwashiorkor

Genetic defect: (7g31.2)

Few cases reported in the literature

* Multiple nutritional deficiencies

* Abnormal production of prostaglandins

* Free radical affecting cellular membranes

Hepatomegaly rarely present

* No nail involvement

* No hair abnormalities

Peri-oral involvement

* Sweat test positive

* Early presence of edema is associated with false
negative sweat tests

Severe malnutrition
Frequently diagnosed in the Third World

« Chronic severe protein malnutrition
* Free radicals affecting mitochondrial and lipid mem-
branes

Hepatomegaly almost present

The presence of “flag sign” (bands of light and dark
pigmentation along hairs)

Oral mucosal involvement, mainly cheilitis
Sweat test negative

o aquagenic palmoplantar keratoderma;
¢ cutaneous vasculitis;
e other dermatoses.

1. NUTRIENT DEFICIENCY DERMATITIS
OF CYSTIC FIBROSIS (CFNDD)

CFNDD is rarely recognized and reported, being over-
looked by dermatologists, especially in cases in which cu-
taneous signs are present before pulmonary and gastroin-
testinal involvement, in the absence of suspicion of cystic
fibrosis. Sparse case reports of CFNDD are reported, al-
though the entity is well documented.

The first skin lesions can be present at 2 weeks to 6
months after birth as small erythematous papules local-
ized on the diaper area and face (periocular and perioral
regions) that merge and form large plaques with annular
configuration and desquamation localized to the extremi-
ties. Children with cystic fibrosis who are not breastfed

are presumed to develop earlier lesions of CFNDD. Some-
times periorbital edema can be associated as an early sign.3

If the desquamation is excessive and dominates the
clinical picture, CFNDD is named “peeling paint” rash or
“peeling paint” dermatitis (Figure 1), and protein, zinc,
and essential fatty acids deficiencies are significant due
to malabsorption and malnutrition.*$ Desquamating ery-
thema could be the first cutaneous sign, with periorificial,
perineal, and acral distribution, associated with edema
(induced by low albumin levels) and alopecia.?

Histopathologic examination of a skin punch biopsy can
reveal non-specific features such as epidermal hyperplasia,
parakeratosis, intradermic spongiosis, thin granular layer,
and perivascular inflammatory infiltrate with mononucle-
ar cells in the dermis.>*

CFNDD is a multiple nutritional and metabolic defi-
ciency resulting in a clinical kwashiorkor-like clinical pic-
ture, but differential diagnosis with kwashiorkor can be
done due to clinical clues (Table 1).

TABLE 2. Clues for differential diagnosis between CFNDD and acrodermatitis entheropathica®-28

CFNDD

Acrodermatitis enteropathica

Genetic diagnosis: mutations of the (CFTR) gene
Peri-orificial desquamating erythema
Nail and mucosal involvement absent

Intertriginous lesions absent

* Variable serum zinc levels
* No clinical improvement after zinc administration

Absence of necrolysis in the epidermis

Genetic diagnosis: mutations of the gene SLC39A4

Peri-orificial desquamating erythema

* Nail dystrophy

* Mucosal involvement: gingivitis, glossitis, anusitis,
vulvitis, blepharitis

» Alopecia of the scalp to varying degrees, loss of
eyebrow and eyelash hairs

Intertriginous lesions present

* Reduced serum zinc levels

* Low zinc levels in the hairs

* Normal zinc elimination by urine, sweat and feces

* Response to zinc treatment

Necrosis of keratinocytes in the upper layers of the

epidermis
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FIGURE 1.

Nutrient deficiency dermatitis of cystic fibrosis in
5-year-old boy

CFNDD is the consequence of primary essential fatty
acid deficiency and pancreatic dysfunction with second-
ary deficiencies of vitamins, minerals, essential fatty acids,
amino acids, and finally malnutrition.! The exact mecha-
nism of CFNDD is not well understood and still raises
questions and hypotheses.

Zinc deficiency may play a role in CENDD, but clear dis-
tinctions must be made between CFNDD and acroderma-
titis enteropathica (an autosomal recessive primary zinc
deficiency disease) (Table 2).

Zinc deficiency is the result of variable mechanisms in
CFNDD:

o a high percentage of infants diagnosed with CFNDD
are premature, with multi-organ immaturity; liver
dysfunction may interfere with the hepatic fetal stor-
age of zinc;3-10

« zinc deficiency has been proved to be in direct cor-
relation with birth order; multiparous women can
give birth to children with high risk of CFNDD as the
number of children grows;!10

« low content of zinc in early fetal alimentation (zinc
secretion in breast milk lowers after 3 months, with
no improvement after zinc supplementation); more-
over, cereals introduced in the diet may increase zinc
deficiency due to iron and phytates that inhibit zinc
absorption.>10

Essential fatty acids deficiencies in CFNDD have been
reported and expressed by reduced serum levels of linoleic
acid, alphalinolenic acid (the precursor of docosahexanoic
acid), and high serum levels of stearic and oleic acid.? Mu-
tations of CFTR are involved in reducing the incorpora-
tion of linoleic acid in cell membranes, consequently al-
lowing the increase of serum levels of arachidonic acid.2 In

FIGURE 2. Urticaria

cystic fibrosis, the abnormalities of chloride ion transport
through pancreatic cells promote the retention of digestive
enzymes in the pancreas and exocrine pancreatic dysfunc-
tion, resulting in important deficiencies of vitamins, ami-
noacids, minerals, and essential fatty acids.!-12

Protein deficiency in CFNDD is focused on serum tau-
rine, which has been proved to be low in cystic fibrosis and
be involved in fatty acids malabsorption, cell proliferation,
collagen synthesis, and vitamin E absorbtion.!3

2. ALLERGIC REACTIONS IN CYSTIC FIBROSIS

A. Atopy

Data on atopic dermatitis in children and adults diagnosed
with cystic fibrosis is limited, although a general consensus
exists; the prevalence of atopic dermatitis is more reported
in patients with cystic fibrosis than in the general popula-
tion.!415

B. Acute and chronic urticaria

Screening tests in patients with cystic fibrosis failed to
demonstrate a higher prevalence of urticaria (Figure 2)
compared to the general population.!6

C. Drug hypersensitivity reactions

Hypersensitivity reactions are induced by drugs in patients
with cystic fibrosis more frequently than in general popu-
lation due to the increased use of drugs (especially antibi-
otics), to the atopic background, and to immune circulat-
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FIGURE 3. A — Excessive plantar sweating (hyperhidrosis) with discrete wrinkling at the toes in an adoles-
cent diagnosed with cystic fibrosis; B — Aquagenic keratoderma in an adolescent male patient diagnosed
with cystic fibrosis in early childhood

ing complexes.!” The clinical expression of drug-induced
hypersensitivity in cystic fibrosis varies from urticarial
plaques with or without angioedema, to morbilliform rash,
fixed drug reactions, Stevens-Johnson syndrome, and vas-
culitis. .17

The most commonly involved drugs are antibiotics, es-
pecially beta-lactam antibiotics, cephalosporins, and rare-
ly aminoglycosides and quinolones.!8:19

D. Photosensitivity

Sensitivity to sunlight is present in patients diagnosed with
cystic fibrosis after sunlight exposure or UVA photothera-
py associated frequently with drug intake.20

3. AQUAGENIC PALMOPLANTAR WRINKLING
(early skin wrinkling, aquagenic palmoplan-
tar keratoderma, transient reactive papu-
lotranslucent acrokeratoderma, aquagenic
syringeal acrokeratoderma, aquagenic pal-
moplantar keratoderma, transient reac-

tive papulotranslucent acrokeratoderma)

Excessive wrinkling of the palms and/or soles after short
exposure to water and sweating, accompanied by edema,
small papules, pruritus and/or pain characterize aquagenic
palmoplantar keratoderma commonly observed in cystic
fibrosis (Figure 3A). Aquagenic skin wrinkling is visual-
ized within 2-4 minutes after contact with water or severe
hyperhidrosis, and it is self-limited with spontaneous re-

mission in the following hours after avoiding any contact
with water.?223

Aquagenic palmoplantar wrinkling can also be observed
in healthy persons and can be overlooked in patients diag-
nosed with cystic fibrosis by its non-recognition or non-
description; nevertheless, it is considered a specific clini-
cal sign, and its frequency is around 42% of adult patients
and even higher in children (approximately 78%) with cys-
tic fibrosis.?

Genotype-phenotype correlations in patients with
aquagenic palmoplantar keratoderma and associations
with other comorbidities in cystic fibrosis are still under
investigation (although an ancient correlation was estab-
lished with homozygosity); no recent liaison has been esti-
mated between the degree of malnutrition and the severity
of aquagenic skin modifications (Figure 3B).!

The histopathological hallmarks of skin wrinkling are
hyperkeratosis and dilation of the eccrine ostia, and for
these reasons the accepted terminology is “aquagenic
wrinkling of the palms” to distinguish it from other types
of keratoderma.?*

Several pathogenic mechanisms for aquagenic wrin-
kling of the palms have been proposed:

« the high concentration of sweat chloride accelerates
the binding of water to keratinocytes;!22

o abnormal CFTR affects transmembrane water loss
via dysregulation of water membrane channels, espe-
cially aquaporin 3;

o the primary anomalies of eccrine ducts (such as dilated
walls) can be a trigger factor for eccrine dysfunction.!?
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4. CUTANEOUS VASCULITIS

Vasculitis in cystic fibrosis is of cutaneous type, affects
2-3% of patients, mostly adults, and it is associated with a
severe form of the disease.!

Cutaneous vasculitis in cystic fibrosis is an immune-
mediated vasculitis, with circulating immune complexes
and accumulation in the vascular wall, as a response to
antigens such as: bacteria (Pseudomonas aeruginosa,
Haemophilus influenzae, Staphylococcus aureus, group A
streptococci, and Mycobacterium leprae, causative agents
of chronic respiratory infections), and drugs that are in-
tensively used in cystic fibrosis (antibiotics, sulfasalazine,
pancreatic enzymes, and other supplements).2¢ Recently,
the correlation between sputum microbiology (during an
exacerbation of an infection of the respiratory tract) and
vasculitis has been demonstrated, so it was highlighted
that BPI (bactericidal/permeability-increasing protein)
antibodies play a key role in vasculitic inflammation. BPI
is a protein hosted in the granules of neutrophils and rep-
resents a powerful weapon against bacteria and lipopoly-
saccharide.

Cutaneous vasculitis in cystic fibrosis can clinically ex-
press as purpuric vasculitis, localized on the inferior limbs,
rarely associated with arthralgias and observed during an
exacerbation of a respiratory episode. The typical picture
is of a young adult, diagnosed during childhood with cystic
fibrosis, who presents a palpable purpuric vasculitis rash
on the dorsa of the feet, ankles, and tibial surfaces (Figure
4). The evolution of cutaneous vasculitis can be to sponta-
neously resolve within 2 weeks, it can respond to steroid
therapy, or it can evolve with several recurrences.?5->’

FIGURE 4.

Purpuric rash in a patient with cystic fibrosis
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Cutaneous biopsy may reveal leukocytoclastic vascu-
litis, characterized by the deposition of neutrophils in a
perivascular manner and within the small vessels (“dust”),
the presence of fibrin around the vessels, and endothelial
cell damage.?” Direct immunofluorescence is positive due
to the presence of C3 and/or without immunoglobulin in
the vascular walls in the papillary dermis.25-27

5. RARE SKIN LESIONS IN CYSTIC FIBROSIS

Other skin lesions associated with cystic fibrosis that have
been cited in case presentations include basal cell carcino-
mas,?8 congenital generalized follicular hamartoma,?’ neu-
rofibromatosis, and premature reversible graying hair.!

CONCLUSIONS

The pulmonary and pancreatic sites are the most commonly
affected organs by cystic fibrosis, while subsequent cutane-
ous lesions are frequently dismissed and underdiagnosed.
The identification of cutaneous lesions as clinical signs of
cystic fibrosis involvement, despite the overlapping with
different nutritional deficiencies, may promote early diag-
nosis, proper therapeutic management and follow-up, by a
multidisciplinary team that includes geneticists, pediatri-
cians, dermatologists, and nutritionists, and could improve
the health related quality of life and patient outcomes.

ACKNOWLEDGEMENT

We thank Adrian Naznean from the Foreign Language De-
partment of the University of Medicine and Pharmacy of
Tirgu Mures for the carefully correcting of this manuscript.

CONFLICT OF INTEREST

None for all authors.

REFERENCES

1. Bernstein ML, McCusker MM, Grant-Kels JM. Cutaneous manifestations of
cystic fibrosis. Pediatr Dermatol. 2008;25:150-157.

2. Strandvik B. Relation between essential fatty acid metabolism and
gastrointestinal symptoms in cystic fibrosis. Acta Paediatr Scand Suppl.
1989;363:58-63.

3. Darmstadt GL, McGuire J, Ziboh VA. Malnutrition-associated rash of cystic
fibrosis. Pediatr Dermatol. 2000;7:337-347.

4. Phillips RJ, Crock CM, Dillon MJ, et al. Cystic fibrosis presenting as
kwashiorkor with florid skin rash. Arch Dis Child. 1993;69:446-448.

5. O'Regan GM, Canny G, Irvine AD. ‘Peeling paint’ dermatitis as a presenting
sign of cystic fibrosis. Case report. Journal of Cystic Fibrosis. 2006;5:257-
259.

6. Liu T, Howard RM, Mancini AJ, et al. Kwashiorkor in the United States:
fad diets, perceived and true milk allergy, and nutritional ignorance. Arch
Dermatol. 2001;137:630-636.



44

Journal of Interdisciplinary Medicine 2018;3(1):39-44

Egan M. Cystic fibrosis. In: Kliegman RM, Stanton BF, Schol NF, StGeme
JW ll, Behrman RE, editors. Nelson Textbook of Pediatrics. 19th ed.
Philadelphia: Elsevier; 2011. p. 1481-1497.

Rowe SM, Miller S, Sorscher EJ. Cystic fibrosis. N Engl J Med.
2005;352:1992-2001.

Schmidt CP, Tunnessen W. Cystic fibrosis presenting with periorificial
dermatitis. J Am Acad Dermatol. 1991,25:896-897.

Osman K, Akesson A, Berglund M, et al. Toxic and essential elements in
placentas of Swedish women. Clin Biochem. 2000;33:131-138.

Roulet M, Frascarolo P, Rappaz |, et al. Essential fatty acid deficiency in
well nourished young cystic fibrosis patients. Eur J Pediatr. 1997;156:952-
956.

Lowes MA, Khaira GS, Holt D. Transient reactive papulotranslucent
acrokeratoderma associated with cystic fibrosis. Australas J Dermatol.
2000;41:172-174.

Skopnik H, Kusenbach G, Bergt U, et al. Taurine supplementation in
cystic fibrosis (CF): effect on vitamin E absorption kinetics. Klin Padiatr.
1991;,203:28-32.

Ciuca |, Pop L, Popa Z, et al. Allergies in children with cystic fibrosis.
Journal of Cystic Fibrosis. 2011;10(S1):S59/233.

Nelson LA, Callerame ML, Schwartz RH. Aspergillosis and atopy in cystic
fibrosis. Am Rev Respir Dis. 1979;120:863-873.

Baxi S, Dinakar C. Urticaria and angioedema. Immunol Allergy Clin North
Am. 2005;25:353-367.

Ramesh S. Antibiotic hypersensitivity in patients with CF. Clin Rev Allergy
Immunol. 2002;23:123-141.

Weinstein M, Ryan J, Rogers P. Letter: skin wrinkling and nerve function.
Lancet. 1974;2:907.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ramesh S. Antibiotic hypersensitivity in patients with CF. Clin Rev Allergy
Immunol. 2002;23:123-141.

Burdge DR, Nakielna EM, Rabin HR. Photosensitivity associated with
ciprofloxacin use in adult patients with cystic fibrosis. Antimicrob Agents
Chemother. 1995;39:793.

Garcon-Michel N, Roguedas-Contios AM, Rault G, et al. Frequency of
aquagenic palmoplantar keratoderma in cystic fibrosis: a new sign of
cystic fibrosis? Br J Dermatol. 2010;163:162-166.

Weil B, Chaillou E, Troussier F, et al. Aquagenic palmoplantar keratoderma
in children with cystic fibrosis. Arch Pediatr. 2013;20:1306-1309.

Katz KA, Yan AC, Turner ML. Aquagenic wrinkling of the palms in patients
with cystic fibrosis homozygous for the delta F508 CFTR mutation. Arch
Dermatol. 2005;141:621-624.

Betlloch |, Vergara G, Albares MP, et al. Aquagenic keratoderma. J Eur
Acad Dermatol Venereol. 2003;17:306-307.

Finnegan MJ, Hinchcliffe J, Russell-Jones D, et al. Vasculitis complicating
cystic fibrosis. Q J Med. 1989;72:609-621.

Schidlow DV, Panitch HB, Zaeri N, et al. Purpuric rashes in cystic fibrosis.
Am J Dis Child. 1989;143:1030-1032.

John EG, Medenis R, Rao S. Cutaneous necrotizing venulitis in patients
with cystic fibrosis. J Pediatr. 1980;97:505.

Healy E, Meenan FO, Fitzgerald MX, et al. Basal cell carcinoma and cystic
fibrosis: a report of two cases. Br J Dermatol. 1993;128:701-702.

Mascaro JM Jr, Ferrando J, Bombi JA, et al. Congenital generalized
follicular hamartoma associated with alopecia and cystic fibrosis in three
siblings. Arch Dermatol. 1995;131:454-458.

Rubio-Gonzalez T, Alvarez-Valiente H. Neurofibromatosis and cystic
fibrosis: a case report. Rev Neurol. 1999;29:604-606.



