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Childhood sarcoidosis; Background: Sarcoidosis is a systemic disease of unknown etiology that rarely occurs in children.
Multiorgan It usually affects the lungs; however, it may involve various organs. It occasionally affects the
involvement; general condition, and causes fever, hepatomegaly and splenomegaly.

Hypercalcemia Case report: We report the case of a twelve-year-old adolescent with late-onset childhood sar-

coidosis which diagnosis was confirmed by lymph node histopathological study. The patient
presented general condition, hypercalcemia, erythema nodosum, severe lung disorders, lym-
phadenopathy, hepatomegaly and testicular mass. He received treatment with steroids, with
excellent clinical response.

Conclusions: We highlight the importance of considering the diagnosis of sarcoidosis in patients
with hepatomegaly, lymphadenopathy, diffuse lung damage, erythema nodosum, testicular
mass and hypercalcemia, as well as the need for a multidisciplinary approach to assess multiple
organ involvement and the early beginning of steroid treatment in order to prevent the progres-
sion of the disease.
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PALABRAS CLAVE

Sarcoidosis infantil;
Compromiso
multiorganico;
Hipercalcemia

Sarcoidosis en la infancia. Una rara enfermedad sistémica

Resumen

Introduccidn. La sarcoidosis es una enfermedad sistémica de etiologia desconocida que rara-
mente se presenta en la infancia. Generalmente afecta los pulmones; sin embargo, puede invo-
lucrar diversos organos. Ocasionalmente afecta el estado general, y origina fiebre, hepatome-
galia y esplenomegalia.

Caso clinico. Se presenta el caso de un adolescente de doce afos de edad con sarcoidosis infan-
til de inicio tardio, cuyo diagndstico fue confirmado con un estudio histopatologico de ganglio
linfatico. El paciente curso con afeccion general, hipercalcemia, eritema nodoso, alteraciones
pulmonares graves, adenopatias, hepatomegalia y masa testicular. Recibi6 tratamiento con es-
teroides, con excelente respuesta clinica.

Conclusiones. Se resalta la importancia de considerar el diagndstico de sarcoidosis en los pa-
cientes con hepatomegalia, adenopatias, dafno pulmonar difuso, eritema nodoso, masa testicu-
lar e hipercalcemia, asi como la necesidad del abordaje multidisciplinario para valorar el com-
promiso organico multiple y el inicio oportuno de la terapia con esteroides, con el fin de evitar
la progresion de la enfermedad.

© 2016 Hospital Infantil de México Federico Gomez. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Sarcoidosis is a chronic systemic disease of unknown etiol-
ogy and worldwide distribution which is usually diagnosed
in adults. Sarcoidosis in childhood is very rare.

Lungs are the most frequently affected organs; howev-
er, the disease can involve other organs such as eyes, skin,
lymph nodes and joints. Less often it involves the nervous
system, heart and urogenital tract, causing nephrolithiasis
and a testicular mass; in some cases, fever of unknown
origin with splenomegaly and hepatomegaly are observed.

The diagnosis of sarcoidosis is made by exclusion of oth-
er diseases. Therefore, once there is clinical suspicion, a
biopsy of the organs involved shows, as a characteristic
histopathological finding, the presence of noncaseating
epithelioid granulomas.’

The first descriptions of sarcoidosis were made in Eu-
rope in the late nineteenth century. In 1877, in England, J.
Hutchinson studied a patient with chronic skin lesions, ar-
thritis and chronic renal failure, and named the skin find-
ings papillary psoriasis. In France, in 1889, E. Besnier also
described the skin lesions and named them lupus pernio.
In 1899, in Denmark, C. Boeck labeled the skin histological
lesions with the term sarkoid because of its similarity with
sarcoma. In 1914, in Sweden, N. J. Schaumann described
the systemic presentation of the disease; likewise, he
pointed out that both Besnier’s lupus pernio and Boeck's
sarkoid were manifestations of the same disease, as the
tissues affected in these patients showed granulomas
which he called benign lymphogranulomatosis to differen-
tiate them from Hodgkin’s malignant granuloma. The neu-
rologic involvement in sarcoidosis was reported by C.
Heerfordt in 1923 who described patients with uveo-pa-
rotid fever and lesion of cranial nerves.

The acute pulmonary form of sarcoidosis accompanied
of mediastinal lymphadenopathy and erythema nodosum,

arthritis and uveitis was described in Sweden in 1953 by
S. Lofgren.

For more than 130 years, most of the studies on sar-
coidosis have been performed in adults. However, pediat-
ric cases have been reported since 1923. The condition
was known as Besnier-Boeck-Schaumann disease until 1958
when the Sarcoidosis World Congress was carried out in
London and the term sarcoidosis was generalized.?3

Nowadays, accordingly to the international consensus
established by the American Thoracic Society, the Euro-
pean Respiratory Society and the World Association for
Sarcoidosis and Other Granulomatosis, sarcoidosis is con-
sidered to be a systemic granulomatous disease of un-
known etiology, which usually affects adults, and is very
rare in children.*3

The incidence and severity of sarcoidosis vary in differ-
ent regions of the world and in different ethnic groups
probably due to variations in environmental exposures,
the prevalence of HLA alleles and other genetic factors.
Scandinavia, England, the United States and Japan have
the highest prevalence of the disease; in Sweden, the
morbidity rate in the general population is 64/100,000 and
in the United States, 35/100,000.

There are very few epidemiological data on children.
The rate of morbidity of childhood sarcoidosis is
0.29/100,000; however, this rate varies from 0.06/100,000
in children under 4 years to up to 1.02/100,000 in adoles-
cents aged 14 to 15 years.*?

Regarding mortality from sarcoidosis, during the period
1999-2010 the National Center for Health Statistics report-
ed sarcoidosis as a cause of death in 10,348 of 29,176,040
deaths which represents a rate of 2.8/1,000,000 inhabit-
ants. However, mortality in the African-American popula-
tion was 12 times higher than in Caucasian population.®

In Mexico, the incidence of sarcoidosis is low, probably
due to genetic factors or underreporting of cases. There-
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fore, there are no studies on the epidemiology of child-
hood sarcoidosis since only thirteen cases have been
published in the last 20 years, including the case of a
teenager with lung disease published by the National Insti-
tute of Respiratory Diseases and another report from the
National Institute of Pediatrics about two cases of early-
onset cutaneous sarcoidosis.'*"?

Sarcoidosis is a chronic inflammatory disease that re-
sults from the action of an environmental agent that trig-
gers an initial immune response of T-helper cells type
1(Th1) and leads to the development of noncaseating gran-
ulomas with systemic involvement in genetically suscepti-
ble individuals.

According to epidemiological findings of the multicenter
ACCESS (A Case Control Etiologic Study of Sarcoidosis),
some environmental conditions are associated with an in-
creased risk for developing sarcoidosis, generating anti-
genic stimuli, which act as a trigger of the process. Some
of the environmental conditions studied are organic mate-
rials (ragweed, pine leaves and seeds), inorganic materials
(silica, beryllium, zirconium, titanium, aluminum and
fiberglass) and microorganisms (Mycobacterium tuberculo-
sis, Propionibacterium acnes, Brucella, Borrelia, Leptospi-
ra, Mycoplasma, Leishmania and Schistosoma).

Although an infectious agent has not been conclusively
identified (by culture or by ribosomal RNA markers in tis-
sue from biopsies), the hypothesis of a microbiological
agent is the most accepted because there is clinical and
epidemiological evidence of transmissibility of sarcoidosis.
This observation comes from transplant patients who have
developed the disease after tissue or organ transplantation
from donors with sarcoidosis. Besides, it has been reported
the development of sarcoidosis in the transplanted lung of
a patient suffering from the disease; moreover, animals im-
planted with tissue from affected patients develop granu-
lomas.""®

The existence of a predisposing genetic factor explains
the higher incidence of the disease in relatives of patients
with sarcoidosis, as well as differences in the prevalence
and clinical course of the disease in different ethnic
groups.

Recent research with molecular biology techniques has
shown that genetic alterations associated with sarcoidosis
are located in the major histocompatibility complex
(MHC), on the short arm of chromosome 6, in histocom-
patibility antigens HLA I, such as HLA-B7 and HLA-B8, as
well as in alleles of HLA class Il such as HLA-DR5, HLA-
DR6, HLA-DR8 and HLA-DR9, which are related to high risk
in Asian population. Likewise, genetic alterations are
found in HLA -DRB1 in the African American population.
In European population, HLA-DR14 and HLA-DR15 are re-
lated to chronic sarcoidosis, HLA-DR3 with the acute
form, and HLA-DR17 with self-limited presentations of
sarcoidosis.

The immune mechanisms that cause sarcoidosis are not
completely known but it is assumed that macrophages do
not adequately recognize and present antigens to T lym-
phocytes. However, patients with sarcoidosis do not have
other evident manifestation of a cellular or humoral immu-
nodeficiency.

The process begins when the antigen phagocyted by
the macrophage and the dendritic cell are presented on

the MHC site. This enables the T cell to locate and bind to
the MHC-II complex, and consequently to be activated and
have clonal expansion, demonstrated by the increase in T
cell receptor (TCR) mRNA, and by the presence of markers
of antigen-specific T cell activation, such as CD69, glyco-
protein 240 and the very late antigen-1 (VLA-1).

Afterwards, T-CD4 lymphocytes differentiate to a Th-
1phenotype, and release cytokines such as interferon-y
(IFN-y), tumor necrosis factor-a (TNF-a), transforming
growth factor-8 (TGF-B), IL-18, IL-2, IL-12, IL-15 and IL-18,
as well as several chemokines such as macrophage inflam-
matory protein 3a (MIP3a), interferon-inducible protein-10
(IP-10), monocyte chemotactic protein-1 (MCP-1) and CCL5
or RANTES (regulated on activation, normal T cell ex-
pressed and secreted). These chemokines maintain cell
recruitment at sites of granuloma formation by their
chemotactic effect.

T-regulatory cells from patients with chronic active sar-
coidosis have altered function which leads to the persis-
tence of inflammatory process and progression of
granulomas. By contrast, patients with Lofgren syndrome,
which is a form of acute sarcoidosis with a high rate of
remission, have increased T-regulatory cells which reduce
lymphocyte proliferation and cytokine production.

In some patients, the initial Th1-type response is re-
placed by a predominantly T-helper cell type 2 (Th2) re-
sponse, characterized by a decrease in IFN-y, persistence
of TNF-aand TGF-B activities, production of angiotensin
converting enzyme (ACE), neopterin and IL-8. These pro-
teins reduce the formation of granulomas but, on the oth-
er hand, lead to the development of fibrosis due to the
activity of some macrophage cytokines, like type1-insulin
growth factor (IGF-1), platelet growth factor, IL.-4 and IL-13
which generate fibroblast activation and collagen and fi-
bronectin deposition in the extracellular space. The cause
of progression to this fibro-proliferative form is unclear,
but it may involve the loss of apoptotic mechanisms, loss
of regulatory response, or persistence of an antigen that
cannot be recognized or properly processed, which causes
fibrous scarring and repair of the affected tissue with
chronic and irreversible damage."*

Vitamin D deficiency has been shown to lead to an in-
creased risk of sarcoidosis, as the antigen presenting cells
(macrophages, monocytes and dendritic cells) have vita-
min D receptors. This vitamin inhibits macrophage activa-
tion induced by IFN-y and decreases the macrophage MHC
Il antigen presenting activity; so, it is supposed that this
deficiency leads to altered regulation of Th1 cells, allow-
ing a persistent immune response.?>%

Furthermore, it has been found that activated mac-
rophages are capable of producing active vitamin D3 (cal-
citriol or 1,25-dihydroxycholecalciferol) and parathyroid
hormone related peptide (PTHrP), which could contribute
to hypercalcemia and hypercalciuria frequently present in
this condition.?8?°

One of the most remarkable findings in sarcoidosis is an
immunological paradox. This paradox is characterized by
intense cellular immune response in the affected organs in
contrast to a situation of peripheral immunological aner-
gy, observed as a lack of response to PPD and other intra-
dermal tests. The likely explanation for this phenomenon
is the presence of lymphopenia in peripheral blood, and
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especially to the activity of suppressor T CD8+ lympho-
cytes.

Another phenomenon which is also subject of interest
and controversy is the formation of granulomas in the skin
of patients with sarcoidosis four to six weeks after the ap-
plication of sarcoid tissue extract in the Kveim-Siltz-
bachtest (used in the past for diagnostic purpose).303!

The histological finding characteristic of sarcoidosis is
the presence of noncaseating epithelioid granulomas dif-
fusely scattered in different tissues that mainly affect
lymph nodes.

The granulomas of sarcoidosis have compact appear-
ance with well-defined borders. They may be at different
stages of development, ranging from highly cellular granu-
lomas to structures of decreased cellularity with fibrosis
or progressive hyalinization; besides, they do not have
central necrosis neither foreign bodies, in contrast to
granulomas caused by mycobacterial and fungal infec-
tions, or infestations by systemic metazoans.

The typical sarcoidosis granuloma has two characteris-
tic zones described below:

1. The central zone or follicle is a dense cluster of epithe-
lioid cells, accompanied by lymphocytes, macrophages,
Langhans multinucleated giant cells, mast cells and fi-
broblasts. In 60% of the cases, star shaped structures
(asteroid bodies) and lamellar PAS+ structures of 1-15
microns in diameter called Schaumann bodies can be
observed. Immunohistochemical staining shows that
the central zone of an active granuloma has mac-
rophages in various stages of activation and differen-
tiation. This zone is surrounded by CD4+ T cells
intercalated with a small number of CD8+ T cells and B
cells.

2. The peripheral zone is formed by a ring of lympho-
cytes, monocytes and fibroblasts. T-regulatory CD3+/
CD4+/CD25+/Foxp3+ cells accumulate in this outer zone
in addition to CD8+ T cells and fibroblasts, which leads
to fibrosis when granulomas activity decreases.

In the chronic form of the disease, granulomas may be
encapsulated by a fibrous halo or may be replaced by scars
of fibrous and hyaline tissue.3234

The clinical presentation of sarcoidosis in children var-
ies as it depends on the extent of the disease and the or-
gans involved. In most cases of childhood sarcoidosis,
multiple organs are affected with a diffuse inflammatory
reaction that causes systemic symptoms such as fever, fa-
tigue, hyporexia, nausea and weight loss, in addition to
the specific signs and symptoms arising from dysfunction
of each affected organ.

Sarcoidosis in childhood can occur in two clinical forms:

1. Early onset sarcoidosis or Blau syndrome: It occurs be-
fore age five sporadically or in a familiar cluster. It is
associated with NOD2/CARD15 gene located on chro-
mosome 16. In 75 % percent, the cases present a clini-
cal triad characterized by polyarthritis, uveitis and
rash, whereas the remaining 25% are accompanied by
other organs signs.

2. Late onset sarcoidosis: It develops in children older
than 5 years and resembles the adult clinical form. It is

not associated with mutations in the NOD2/CARD15
gene and it is characterized by fever, multiorgan in-
volvement, especially lung, skin, nervous system, eyes,
kidneys, joints, lymph nodes, liver and spleen.35-3¢

The lung is involved in over 90% of cases; however, the
clinical spectrum of the disease is wide. Most cases occur
in an acute form, with malaise and non-specific respirato-
ry symptoms such as dry cough, dyspnea and airway hy-
perresponsiveness, but the disease can start insidiously
and with minimal symptoms. The condition is mainly lo-
cated in the pulmonary interstitium, with enlarged hilar,
tracheobronchial and mediastinal lymph nodes.

Approximately 70% of cases resolve spontaneously, but
the remaining 30% evolves to chronicity and cause irre-
versible changes in lung parenchyma with fibrosis and for-
mation of pneumatoceles that lead to chronic respiratory
failure and death.

Spirometry and plethysmography show a restrictive
pattern, coincident with pulmonary dysfunction, and are
useful to assess disease progression and response to treat-
ment.

Sarcoidosis may be stratified in four radiographic stag-
es, which guide the clinician to choose the treatment plan
and to make a prognosis. In addition, radiographic imaging
allows the follow up of the disease; the probability of re-
mission decreases according to the stage of evolution of
the lesions. This is, while radiographic resolution in the
first three stages of the disease is feasible, during stage
IV, which is considered the end stage, radiographic lesions
are already irreversible¥ (Table 1).

The incidence of ocular involvement varies from 30 to
70%. The characteristic lesion is uveitis. However, conjunc-
tiva, sclera, crystalline and lacrimal glands may also be af-
fected, resulting in cataract, glaucoma and dry
keratoconjunctivitis. In the posterior segment patients may
develop vitritis, ischemic retinal vasculitis with neovascu-
larization, occlusion of the central retinal vein, optic nerve
affection, macular edema, perforating lesions, “wax drops”
exudates and retinal detachment with blindness, which can
be detected by slit lamp eye examination and retinangiog-
raphy.3%

Skin disorders occur in 20 to 30% of the patients. The
most frequent lesion is erythema nodosum, used as a
marker of acute sarcoidosis since it usually disappears in
6-8 weeks. The simultaneous appearance of erythema no-
dosum, fever, joint pain and hilar lymphadenopathy is

Table 1 Chest radiographic staging®

Stages Findings Remission

Stage 0 Normal chest radiograph > 90%

Stage | Bilateral hilar lymphadenopathy  60-90%
(BHL)

Stage Il BHL plus pulmonary infiltrations  40-60%

Stage llI Pulmonary infiltrations without 10-20%
BHL

Stage IV Pulmonary fibrosis 0%

*Adaptation from The American Thoracic Society Statement on
Sarcoidosis (ref. 4).
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called Lofgren syndrome. Other skin lesions include subcu-
taneous nodules, psoriasis like plaques, alopecia, hyper-
pigmented lesions and leukocytoclastic vasculitis.

Joint involvement is present in 80% of cases. It can be
in the form of migratory polyarthritis and/or persistent ar-
thritis, as well as granulomatous tenosynovitis. When pol-
yarthritis, rash and uveitis occur in children under 5 years,
it is recognized as Blau syndrome.“°

Nervous system involvement occurs in 10% of patients,
usually with involvement of Il and VIl cranial nerves as a
result of granulomatous meningitis. However, CNS involve-
ment is found in up to 25% of autopsy cases of sarcoidosis.

Cardiac involvement is diagnosed clinically in less than
5% of patients with sarcoidosis, although it has been found
that 20 to 30% of post-mortem studies have lesions in the
conduction system, which can cause arrhythmias and sud-
den death. Echocardiographic findings include ventricular
dysfunction and decreased ejection fraction of the left
ventricle; however, histological evidence of myocardial bi-
opsies requires cardiac catheterization.

Exocrine glands are frequently affected. Sarcoidosis
can involve parotid and minor salivary glands in up to 60%
of cases; granulomatous pancreatitis has also been re-
ported.

Renal involvement occurs in 10% of patients due to hy-
percalcemia, nephrocalcinosis and nephrolithiasis.

Clinical genitourinary involvement has been reported in
0.2% of cases, and in 5% of autopsy studies, the most fre-
quent alteration being scrotal mass.*!-#-

The diagnosis of childhood sarcoidosis is performed
with the same criteria established for adults, published by
the American Thoracic Society and the European Respira-
tory Society in 1999:

1. Compatible clinical scenario.

2. Histological evidence of noncaseating granulomas in
biopsies obtained from the affected organs.

3. Exclusion of other pathological processes that may pre-
sent with a similar clinical or histopathological presen-
tation, especially mycobacterial and fungal infections
and other immunological processes.

There is no definitive test available to confirm the diag-
nosis of sarcoidosis. However, auxiliary studies are:

1. Cytological analysis of bronchoalveolar lavage of pa-
tients with sarcoidosis shows a predominant lympho-
cyte cellularity in > 90% of cases. Furthermore, a CD4/
CD8 ratio > 3.5 by flow cytometry, has sensitivity of
52-59% and specificity of 94-96% for the diagnosis of
sarcoidosis.*"

2. Kveim-Siltzbach test has been used for sarcoidosis diag-
nosis since 1941. It consists of an intradermal inocula-
tion of a suspension obtained from spleen tissue of
patients with sarcoidosis; a skin biopsy should be per-
formed 6 weeks after inoculation in search of granulo-
mas. The test has sensitivity of 75% and specificity
> 90%, but currently its clinical application is restricted
because of the difficulty in obtaining the reagent; be-
sides, it requires that the patient has not received ster-
oids, and some authors have discouraged it because of
the risk of transmission of infectious diseases.>"?

3. Serum angiotensin converting enzyme (ACE) quantifica-
tion has been used in the diagnosis of the disease, be-
cause 80% of pediatric patients with sarcoidosis have
elevated ACE. It is also useful as a marker of disease
activity as the enzyme levels descend when patients
are in remission.

4. Measurement of soluble receptor of interleukin-2 (slL-
2R) is a test that has been very useful in evaluating the
activity of the sarcoidosis.?"

5. Serum and urinary calcium are both useful in the diag-
nosis and monitoring of disease progression, as hyper-
calcemia occurs in 20% of cases and hypercalciuria in
up to 60% and depend on the activity and the extent of
the disease.>¢-¢°

2. Clinical case

We present the case of a twelve-year-old male with no
relevant family history, parents and four siblings healthy.
He was the product of a first pregnancy, born at term by
vaginal delivery without perinatal complications. He had
achieved age-appropriate psychomotor development and
had a complete immunization schedule. He had no medi-
cal history except for chickenpox at the age of 6 years
without complications.

Symptomatic disease began one year earlier with his
first visit to the hospital, presenting dry cough in isolat-
ed bouts. During the last 6 months he had loss 12 kg of
weight, and had asthenia, hyporexia, paleness, nausea
and occasional vomiting of gastric content. Four months
earlier, a mass growing in the left supraclavicular region
and painless subcutaneous nodules appeared on both
forearms. A week before admission he attended a region-
al hospital because of abdominal colic pain in the right
flank and tenderness to lumbar percussion. Abdominal
ultrasound showed hepatomegaly and right nephrolithia-
sis, so he was referred to our institution.

On physical examination, the pacient was conscious
and well oriented, emaciated, pale, with equal sized pu-
pils reactive to light, without abnormal findings in ear,
nose or throat. Cranial nerves function was preserved.
The neck showed no jugular engorgement; he had cervi-
cal nodes of 0.5 to 1 cm, and a 2 cm mobile, painless
node was present in the left supraclavicular zone which
had no erythema or temperature increase. He had
tachypnea and light intercostal retraction, respiratory
movements were normal and breath sounds were normal
without rales or wheezing. Heart sounds were rhythmic
and without murmurs. The abdomen was soft. Hepatic
border was 6 cm and spleen border 4 cm below the costal
edge, bowel sounds were normal. He had Tanner Il geni-
tal development stage and an asymmetric scrotum. Left
testicle had a painless increase of volume with no transil-
lumination. Extremities were hypotrophic with erythema
nodosum located in forearms and legs, had symmetrical
peripheral pulses, normal tendon reflexes with no py-
ramidal signs.

Initial laboratory test results were: hemoglobin 14.4 g/
dl, leukocytes 7,600/mm?3, neutrophils 48%, band forms
4%, lymphocytes 37%, monocytes 7% platelets 286,000/
mm?, erythrocyte sedimentation rate 38 mm/h. C-reactive
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protein <0.319 mg/dl. Blood chemistry showed glucose 91
mg/dl, creatinine 1.5 mg/dl, BUN 17 mg/dl, uric acid 6 mg/
dl, serum proteins 8.6 g/dl, albumin 3.2 g/dl, globulins 5.4
g/dl, total bilirubin 0.36 mg/dl, direct bilirubin 0.9 mg/dl,
indirect bilirubin 0.27 mg/dl, ALT 35 U, AST 26 U, choles-
terol 120 mg/dl, triglycerides 160 mg/dl, Na 129 mmol/l, K
3.6 mmol/l, Cl 98 mmol/l, Ca 13 mg/dl, P 4.02 mg/dl, Mg
2.4 mg/dl, serum osmolality 268 mOsm/l. ABG without
oxygen: pH 7.43, pCO2 32.4 mmHg, p0249.9 mmHg, HCO3
21.3 mmol/l, SO2 83%, lactate 2.4 mmol/l, anion Gap 13.6
mmol/l, TP 12.4", TTP 29.3".

Serologic studies for hepatitis A, B and C, CMV, EBV,
varicella zoster, and type | and Il herpes simplex virus
were negative. ELISA for HIV was negative. Anti-ds-DNA
antibodies, antinuclear antibodies (ANA), anti-neutrophil-
cytoplasmic antibodies (p-ANCA and c-ANCA) and VDRL
were negative.

The urinalysis reported a density of 1.020, pH 6.0,
abundant erythrocytes, leukocytes 1-2/field, negative ni-
trites, protein 75 mg/dl, sediment with calcium oxalate
crystals and amorphous phosphate.

Twenty four-hour urine collection showed a creatinine
clearance of 70.4 mg/ml/min, calciuria of 10.9 mg/kg/day,
phosphaturia of 63.1 mg/kg/day. Tubular phosphate reab-
sorption was 63.3%, phosphorus/creatinine ratio (P/cr)
0.80 mg/mg and calcium/creatinine ratio (Ca/cr) was 0.52
mg/mg. Twenty four-hour oxaluria was 53.7 mg (<38 mg)
and 24-h citric acid urine excretion, 427 mg (100-1300 mg).

Serum cystatin C, 2.18 mg/l (0.53-0.95 mg/l), parathy-
roid hormone (PTH), <1.20 pg/ml (10-55 pg/ml), calcitriol
(1, 25-dihydroxy-vitamin D), 30.7 pg/ml (19.9-79.3 pg/ml),
angiotensin converting enzyme (ACE), 272 U/l (13-100 U/1).
Alpha-fetoprotein, 1.07 ng/ml (<10 ng/ml), human chori-
onic gonadotropin, 1.20 miU/ml (<5 mIU/1).

PPD test with candidin control was negative. BAAR
search in three samples of gastric juice was negative.

Bone marrow aspirate showed decreased cellularity, di-
minished megakaryocytes, metamyelocytes 2.5%, band
forms 10.5%, mature neutrophils 35%, eosinophils 3%, lym-
phocytes 23.5%, blasts 1.5%, and normoblasts 24%.

Serum immunoglobulins: IgA 724 mg/dl (108-325 mg/dl),
IgE 82.6 mg/dl (0-100 mg/dl), IgM 175 mg/dl (70-150 mg/
dl), IgG 2710 mg/dl (770-1510 mg/dl).

Complement: C3 113 mg/dl (90-180 mg/dl), C4 16.6 mg/
dl (10-40 mg/dl).

Nitroblue tetrazolium slide test and chemiluminescence
at rest and after stimulus were normal. Soluble Interleu-
kin-2 receptor (sIL-2R), 3230 U/ml (406 -1100 U/ml).

Flow cytometry showed a normal quantity of T and B
lymphocytes with a CD4/CD8 ratio of 1.22 (Table 2).

The initial chest X-ray showed diffuse reticular and mi-
cronodular infiltrates with bilateral hilar lymphadenopa-
thy (Figure 1).

X-rays showed normal skull, and long bones with evi-
dence of decalcification (Figure 2).

Thoracoabdominal computed tomography showed lymph
node clusters in the mediastinum, mesentery, retroperito-
neal and inguinal regions, bilateral diffuse micronodular
infiltration of the lungs, hepatomegaly, splenomegaly, and
right renal calculi (Figure 3).

Renal ultrasound reported normal sized kidneys with
regular morphology, appropriate corticomedullary rela-

Table 2 Peripheral blood flow cytometry.

Lymphocyte subpopulation

Cells % N

Lymph events = 2,501
Bead events — 1,528
CD3+ 50.7 790.84
CD3+CD8+ 22.15 345.52
CD3+CD4+ 27.03 421.62
CD3+CD4+CD8+ 1.28 19.96
CD16+CD56+ 13.71 213.93
CD19+ 33.47 522.03
CD45+ — 1,559.85
CD4/CD8 ratio 1.22

Figure 1 Bilateral hilar lymphadenopathy and micronodular
and diffuse reticular infiltrates.

Figure 2 Osteopenia and bone demineralization.

tionship with no dilatation of collecting systems. The right
kidney had a stone of 6.7 mm located at the sinus. Doppler
perfusion image was normal.

Testicular ultrasound showed both testes and right
epididymis of normal size, whereas the left epididymis was
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Figure 3 Retroperitoneal lymphadenopathy and right kidney
stones.

enlarged, lobed and with well-defined borders, a size of
15x7x15 mm and central vascularity on Doppler mode (Fig-
ure 4).

Eye fundoscopy showed temporal and inferior-nasal pe-
riphlebitis which are vascular changes characteristic of
sarcoidosis (Figure 5). However, fluorescein angiography
reported a 3/10 excavation in both eyes, central emer-
gency of vessels, attached retinas, and normal choroidal
phase without alterations in vascular pathways (Figure 6).

Echocardiogram showed an anatomically normal heart,
left ventricle ejection fraction 72%, shortening fraction
40%, right ventricle systolic pressure 17 mmHg, diastolic
interventricular septum 9 mm.

Pulmonary function test results (quality grade A, met
ATS acceptability and repeatability criteria). Spirometry:

FEV, / FVC 89 (102), FVC 2.73 (91%), FEV1 2.43 (93%). Ple-
thysmography: SVC 2.72 (90), IC 1.85 (74), ERV 0.87 (164),
TGV 1.27 (71), RV 0.40 (45), TLC 3.11 (73) RV/TLC 13 (57),
compatible with a mild restrictive pattern.

Supraclavicular lymph node biopsy. Hematoxylin-eosin,
Grocott, Ziehl-Neelsen and PAS staining were performed.
Histological sections showed loss of lymph node architec-
ture, secondary to the formation of multiple confluent
noncaseating granulomas (Figure 7), made of numerous
epithelioid macrophages, giant Langhans cells and other
cells of foreign body-type. Concentric calcifications or
Schaumann bodies were observed occasionally (Figure 8)
as well as asteroid bodies (Figure 9). Neither special stains
nor PCR nor cultures identified Mycobacterium tuberculo-
sis. Histopathological diagnosis: supraclavicular lymph
nodes with chronic noncaseating granulomatous lymphad-
enitis compatible with sarcoidosis.

In the early days of hospital stay, the patient had head-
ache and Kernig and Brudzinski signs. Cranial computed
tomography showed adequate differentiation of gray and
white matter, normal ventricular system and vascular
structures without meningeal alterations. Cerebrospinal
fluid (CSF) was transparent, proteins 30 mg/dl, glucose 49
mg/dl, leukocytes 1/field. Gram stain and cultures were
negative. PCR test for Mycobacterium tuberculosis in CSF
was negative.

Treatment was initiated with prednisone 2 mg/kg/day
and hydrochlorothiazide 1.2 mg/kg/day. The patient
showed clinical improvement in his general condition, re-
mission of hepatomegaly and splenomegaly, erythema no-
dosum, as well as disappearance of lymphadenopathy and
the testicular mass. Mediastinal lymph nodes and pulmo-
nary infiltrates also disappeared (Figure 10).

-

Figure 4 Testicular ultrasonogram: left epididymis is enlarged in comparison to the right one.



Figure 8 Lymph node biopsy with Schaumann bodies.
Figure 5 Fundoscopy: temporal and inferior nasal periphlebitis.
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Figure 6 Retinal fluorangiography: normal vessels.

: Figure 10 Lymphadenopathy and pulmonary infiltrates
Figure 7 Lymph node biopsy with non-caseating granulomas. remission after treatment.
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Four months later, the patient was asymptomatic, had
recovered 15 kg of weight and had resumed school. In fol-
low up, abdominal tomography showed remission of retro-
peritoneal lymphadenopathy and no evidence of renal
calculi; spirometry and plethysmography had a normal
pattern. Laboratory tests showed serum calcium 9.0 mg/
dl, phosphorus 5.8 mg/dl, creatinine 0.8 mg/dl, uric acid
6.2 mg/dl, 24-hour calciuria 0.93 mg/kg/day, and ACE was
71 U/L. According to these values, it was considered that
the sarcoidosis was in remission.

3. Discussion

This case is about an adolescent male with late-onset
pediatric sarcoidosis who had serious affection of the gen-
eral state leading to cachexia. He also had lung damage,
hepatomegaly, splenomegaly, adenopathy, erythema no-
dosum and a scrotal mass. The diagnostic approach to pa-
tients with hepatosplenomegaly, allowed to rule out
several infectious diseases such as tuberculosis, systemic
mycosis, syphilis, Epstein Barr virus (EBV) and human im-
munodeficiency virus (HIV), as well as infiltrative disor-
ders, such as leukemias, lymphomas, metastatic tumors
and hemophagocytic lymphohistiocytosis by computed
tomography, and bone marrow and lymph node biopsies.
Systemic vasculitis and other autoimmune diseases were
discarded as well as testicular tumors based on the find-
ings of testicular ultrasound and normal levels of the tu-
mor markers alpha-fetoprotein and beta-gonadotrophin.®'

The diagnosis of sarcoidosis was suspected because of
the presence of a systemic disease with hypercalcemia,
hypercalciuria and urolithiasis, accompanied by elevated
levels of ACE and slIL-2R. It was confirmed by histopatho-
logical study of a lymph node which showed the presence
of multiple noncaseating epithelioid granulomas formed
by macrophages, giant Langhans cells, asteroid bodies and
Schaumann bodies. Cytological analysis of bronchoalveolar
lavage and the Kveim-Siltzbach test could not be per-
formed.

On admission, the patient had chronic respiratory fail-
ure type | (hypoxemia, normocarbia and hyperlactatemia)
with no cardiovascular repercussion. Chest radiography
showed diffuse reticular and micronodular infiltrates with
bilateral hilar lymphadenopathy concordant with the stage
Il of the American Thoracic Society for thoracic sarcoido-
sis classification. Likewise, spirometry and plethysmogra-
phy reported a decrease in FEV1/FVC, compatible with
mild restrictive lung disease as described in the first two
stages of pulmonary sarcoidosis, and which normalized af-
ter prednisone treatment.

During his hospital stay, the patient also presented
headache and meningeal signs which we attributed to sar-
coidosis infiltration of the meninges, since CSF cytochemi-
cal and microbiological studies were normal as well as
cranial computed tomography. These clinical findings also
disappeared after prednisone administration.623

Although the patient never had ocular manifestations,
ophthalmological examination was carried out due to the
high frequency of ocular involvement in sarcoidosis. Pe-
riphlebitis was compatible with uveal sarcoidosis. As pre-
viously described, this is the treatment of choice since

sarcoidosis eye injuries usually improve rapidly after pred-
nisone administration, preventing disease progression and
the appearance of other irreversible damage which may
lead to blindness.*

Hypercalcemia of sarcoidosis traditionally has been at-
tributed to calcitriol production by activated macrophag-
es and monocytes from granulomas, which in turn increase
the intestinal absorption of calcium and osteoclast activi-
ty with bone resorption and increased levels of serum cal-
cium. However, in this case, the determination of
calcitriol (1, 25-dihydroxy-vitamin D3) was found to be
within the reference interval, and suppressed PTH levels;
this is indicative of inhibition of the parathyroid glands
due to elevated serum calcium and, on the other hand,
hypercalcemia was probably caused by another autono-
mous factor such as PTHrP production by activated mac-
rophages, which could not be measured in this case.®

Initially the patient had acute renal failure, but no renal
replacement therapy was needed. Hypercalcemic hyper-
calciuria with decreased tubular phosphate reabsorption,
which was expressed as calcium oxalate and calcium phos-
phate, caused him kidney stones. While the acute colic
pain is uncommon in children with urolithiasis, this patient
presented right flank pain accompanied by microscopic
hematuria. As part of the medical management, treat-
ment with hydrochlorothiazide was provided in order to
reduce the renal calcium excretion and decrease the for-
mation of calcium oxalate and calcium phosphate calculi,
achieving remission of hypercalciuria and expulsion of re-
nal calculi (Figure 11).6672

In this patient no studies of histocompatibility antigens
(HLA) were performed. Regarding immune function, mod-
erate polyclonal hypergammaglobulinemia was observed,
with appropriate levels of C3 and C4, as described in pa-
tients with sarcoidosis. The phagocytic function tests ni-
troblue tetrazolium slide test and chemiluminescence at
rest and after stimulus were normal, so the possibility of
chronic granulomatous disease was discarded.

While flow cytometry on peripheral blood reported a
total number of lymphocytes within the normal interval,

Figure 11

Abdominal computed tomography after treatment:
retroperitoneal lymphadenopathy remission and kidney stone
disappearance.
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the identification of the major lymphocyte subpopulations
showed 50.7% of T cells, 33.4% of B lymphocytes and 13.7%
of NK cells with one CD4/CD8 ratio = 1.22. This could ex-
plain the immune paradox observed in skin tests because
it was considered that the patient had normal cellular and
humoral immunity.”377

Finally, it should be noted that childhood sarcoidosis is
an underdiagnosed disease in Mexico, so there is no clini-
cal or epidemiological information about this condition in
our population. This clinical case may contribute to the
knowledge of sarcoidosis in children whose clinical symp-
toms are nonspecific. In the few reported cases, sarcoido-
sis has been misdiagnosed as juvenile idiopathic arthritis,
tuberculosis or systemic fungal infections. However, the
involvement of multiple organs may lead to serious disabil-
ity and/or death, highlighting the importance to consider
sarcoidosis in the diagnostic approach of patients with
generalized lymphadenopathy, splenomegaly and hepato-
megaly in order to initiate glucocorticoid therapy, which is
the most effective treatment to prevent disease and stop
its progression in most of these patients.

Ethical disclosure

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans
or animals for this study.

Confidentiality of data. The authors declare that no pa-
tient data appear in this article.

Right to privacy and informed consent. The authors de-
clare that no patient data appear in this article.

Conflict of interest

The authors declare no conflict of interest of any nature.

References

1. Fauroux B, Clément A. Sarcoidosis. In: Taussig LM, Landau LI,
editors. Pediatric respiratory medicine. Philadelphia: Mosby-
Elsevier Inc; 2008. pp. 717-23.

2. Sharma OP. Definition and history of sarcoidosis. Eur Respir
Mon. 2005;32:1-12.

3. Sharma OP. Sarcoidosis: a historical perspective. Clin
Dermatol. 2007;25:232-41.

4. Statement on sarcoidosis. Joint Statement of the American
Thoracic Society (ATS), the European Respiratory Society
(ERS) and the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) adopted by the ATS Board
of Directors and by the ERS Executive Committee, February
1999. Am J Respir Crit Care Med. 1999;160:736-55.

5. Shetty AK, Gedalia A. Sarcoidosis in children. Curr Probl
Pediatr. 2000;30:149-76.

6. Rybicki BA, Major M, Popovich J Jr, Maliarik MJ, lannuzzi MC.
Racial differences in sarcoidosis incidence: a 5-year study in
a health maintenance organization. Am J Epidemiol.
1997;145:234-41.

7. Hoffmann AL, Milman N, Byg KE. Childhood sarcoidosis in
Denmark 1979-1994: incidence, clinical features and laboratory

20.

21.

22.

23.

24.

25.

26.

27.

results at presentation in 48 children. Acta Paediatr.
2004;93:30-6.

. ACCESS Research Group. Design of A Case Control Etiologic

Study of Sarcoidosis (ACCESS). J Clin Epidemiol. 1999;52:1173-
86. doi: 10.1016/50895-4356(99)00142-0.

. Mirsaeidi M, Machado RF, Schraufnagel D, Sweiss NJ, Baughman

RP. Racial difference in sarcoidosis mortality in the United
States. Chest. 2015;147:438-49.

. Carrillo-Pérez DL, Apodaca-Chavez El, Carrillo-Maravilla E,

Mejia-Avila M, Hernandez-Oropeza JL, Reyes E, et al.
Sarcoidosis: a single hospital-based study in a 24-year period.
Rev Invest Clin. 2015;67:33-8.

. Julidn-Gonzalez RE, Saez-de-Ocariz M, Orozco-Covarrubias L,

Duran-McKinster C, Ruiz-Maldonado R. Sarcoidosis de inicio
temprano. Rastreo de casos nuevos en pacientes previamente
diagnosticados con artritis idiopatica juvenil. Dermatol
Pediatr Latinoam. 2012;10:58-63.

. Cruz AID, Bardn LS, Garrido GC, Velazquez SJR. Sarcoidosis

infantil. Una rara enfermedad pediatrica. Caso clinico. Rev
Chil Pediatr. 2011;82:535-41.

. Shetty AK, Gedalia A. Childhood sarcoidosis: a rare but

fascinating disorder. Pediatr Rheumatol Online J. 2008;6:16.
doi: 10.1186/1546-0096-6-16

. Mitchell DN, Rees RJ. A transmissible agent from sarcoid

tissue. Lancet. 1969;2:81-4.

. Padilla ML, Schilero GJ, Teirstein AS. Donor-acquired

sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 2002;19:18-24.

. Miiller C, BriegelJ, Haller M, Vogelmeier C, Bittman |, Welz A,

et al. Sarcoidosis recurrence following lung transplantation.
Transplantation. 1996;61:1117-9.

. Ikonomopoulos JA, Gorgoulis VG, Kastrinakis NG, Galanos AA,

Karameris A, Kittas C. Experimental inoculation of laboratory
animals with samples collected from sarcoidal patients and
molecular diagnosis evaluation of the results. In Vivo.
2000;14:761-5.

. Rotsinger JE, Drake WP. Sarcoidosis: unknown etiology and

genetic predisposition provides therapeutic challenges. J
Pulm Respir Med. 2014;4:190. doi: 10.4172/2161-105X.
1000190.

. du Bois RM, Beirne PA, Anevlavis SE. Genetics of sarcoidosis.

Eur Respir Mon. 2005;32:64-81.

lannuzzi MC, lyengar SK, Gray-McGuire C, Elston RC, Baughman
RP, Donohue JF, et al. Genetic-wide search for sarcoidosis
susceptibility genes in African Americans. Genes Immun.
2005;6:509-18.

Rybicki BA, Hirst K, lyengarSK, Barnard JG, Judson MA, Rose
CS, et al. A sarcoidosis genetic linkage consortium: the
Sarcoidosis Genetic Analysis (SAGA) study. Sarcoidosis Vasc
Diffuse Lung Dis. 2005;22:115-22.

Gerke AK, Hunninghake G. The immunology of sarcoidosis.
Clin Chest Med. 2008;29:379-90.

Agostini C, Cassatella M, Zambello R, Trentin L, Gasperini S,
Perin A, et al. Involvement of the IP-10 chemokine in sarcoid
granulomatous reactions. J Immunol. 1998;161:6413-20.
Nureki SI, Miyazaki E, Ando M, Ueno T, Fukami T, Kumamoto
T, et al. Circulating levels of both Th1 and Th2 chemokines
are elevated in patients with sarcoidosis. Respir Med.
2008;102:239-47. doi: 10.1016/j.rmed.2007.09.006.
Baughman RP, Teirstein AS, Judson MA, Rossman MD, Yeager
H, Bresnitz EA, et al; Case Control Etiologic Study of
Sarcoidosis (ACCESS) research group. Clinical characteristics
of patients in a case control study of sarcoidosis. Am J Respir
Crit Care Med. 2001;164(10 Pt 1):1885-9.

Mihailovi¢-Vuéinic¢ V, Ignjatovi¢ S, Dudvarski-1li¢ A, Stjepanovic¢
M, Vukovi¢ M, Omcikus M, et al. The role of vitamin D in
multisystem sarcoidosis. J Med Biochem. 2012;31:339-46.
Hagaman JT, Panos RJ, McCormack FX, Thakar CV, Wikenheiser-
Brokamp KA, Shipley RT, et al. Vitamin D deficiency and



Sarcoidosis in childhood. A rare systemic disease

127

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

reduced lung function in connective tissue-associated
interstitial lung diseases. Chest. 2011;139:353-60.

Hayes CE, Nashold FE, Spach KM, Pedersen LB. The
immunological functions of the vitamin D endocrine system.
Cell Mol Biol (Noisy-le-grand). 2003;49:277-300.

Krikorian A, Shah S, Wasman J. Parathyroid hormone-related
protein: an unusual mechanism for hypercalcemia in
sarcoidosis. Endocr Pract. 2011;17:e84-e86.

Miyara M, Amoura Z, Parizot C, Badoual C, Dorgham K, Trad
S, et al. The immune paradox of sarcoidosis and regulatory T
cells. J Exp Med. 2006;203:359-70.

Siltzbach LE. The Kveim test in sarcoidosis. A study of 750
patients. JAMA. 1961;178:476-82. doi:10.1001/jama.1961.
03040440028006.

Newman LS, Rose CS, Maier LA. Sarcoidosis. N Engl J Med.
1997;336:1224-34.

DeRemee RA. Sarcoidosis. Mayo Clin Proc. 1995;70:177-81.
Pritchard J, Foley P, Wong H. Langerhans and Langhans:
what’s misleading in a name? Lancet. 2003;362:922.

Rosé CD, Wouters C. Pediatric Sarcoidosis. In: Petty RE, Laxer
RM, Lindsley CB, Wedderburn LR, editors. Textbook of
pediatric rheumatology. Philadelphia: Elsevier, Inc; 2016. pp.
517-525.

Rosé CD, Doyle TM, Mcllvain-Simpson G, Coffman JE,
Rosenbaum JT, Davey MP, et al. Blau syndrome mutation of
CARD15/NOD2 in sporadic early onset granulomatous arthritis.
J Rheumatol. 2005;32:373-5.

Milman N, Hoffmann AL. Childhood sarcoidosis: long-term
follow-up. Eur Respir J. 2008;31:592-8.

Rothova A, Suttorp-van Schulten MS, Frits Treffers W, Kijlstra
A. Causes and frequency of blindness in patients with
intraocular inflammatory disease. Br J Ophthalmol. 1996;80:
332-6.

Altan-Yaycioglu R, Akova YA, Akca S, Yilmaz G. Inflammation
of the posterior uvea: findings on fundus fluorescein and
indocyanine green angiography. Ocul Immuno Inflamm.
2006;14:171-9.

Rosé CD, Ardstegui JI, Martin TM, Espada G, Scalzi L, Yagiie J,
et al. NOD2-associated pediatric granulomatous arthritis, an
expanding phenotype: study of an international registry and
a national cohort in Spain. Arthritis Rheum. 2009;60:1797-
803. doi: 10.1002/art.24533.

Lazarus A. Sarcoidosis: epidemiology, etiology, pathogenesis,
and genetics. Dis Mon. 2009;55:649-60.

Lindsley CB, Petty RE. Overview and report on international
registry of sarcoid arthritis in childhood. Curr Rheumatol Rep.
2000;2:343-8.

Ricker W, Clark M. Sarcoidosis; a clinicopathologic review of
300 cases, including 22 autopsies. Am J Clin Pathol.
1949;19:725-49.

Massarweh NN, Bhalani VK, Shaw KK, Crawford B, Lang E,
Davis R. Testicular presentation of sarcoidosis and organ
preservation: case report and review of management
strategies. Urology. 2006;67:200.

Turk CO, Schacht M, Ross L. Diagnosis and management of
testicular sarcoidosis. J Urol. 1986;135:380-1.

Reinkes EZ, MacLennan GT. Sarcoidosis of the testis and
epididymis. J Urol. 2008;179:1147. doi: 10.1016/j.juro.2007.
12.012

Rabinovich CE, Fels E, Shanahan J, Majure JM, Murphy TM.
Sarcoidosis. Pulmonary Manifestations of Rheumatoid
Diseases. In: Turcios NL, Fink RJ, editors. Pulmonary
manifestations of pediatric diseases. Philadelphia: Saunders-
Elsevier Inc; 2009. pp. 201-240. doi: 10.1016/B978-1-4160-
3031-7.00010-3

Rosé CD, Wouters CH, Meiorin S, Doyle TM, Davey MP,
Rosenbaum JT, et al. Pediatric granulomatous arthritis: an
international registry. Arthritis Rheum. 2006;54:3337-44.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Thomeer M, Demedts M. Predicitive value of CD4/CD8 ratio in
bronchoalveolar lavage in the diagnosis of sarcoidosis.
Sarcoidosis Vasc Diffuse Lung Dis. 1997;14(Suppl 1):36.
Welker L, Jorres RA, Costabel U, Magnussen H. Predictive
value of BAL cell differentials in the diagnosis of interstitial
lung diseases. Eur Respir J. 2004;24:1000-6.

Wigley RD. Moratorium on Kveim test. Lancet. 1993;341:1284.
Marcoval J, Graells J, Maia J, Baumann E, Moreno A, Peyri J.
Current value of the Kveim test in the diagnosis of sarcoidosis.
Actas Dermosifiliogr. 2003;94:642-5.

Grutters JC, Fellrath JM, Mulder L, Janssen R, van den Bosh
JM, van Velzen-Blad H. Serum soluble interleukin-2 receptor
measurement in patients with sarcoidosis: a clinical
evaluation. Chest. 2003;124:186-95.

Bargagli E, Bianchi N, Margollicci M, Olivieri C, Luddi A,
Coviello G, et al. Chitotriosidase and soluble IL-2 receptor:
comparison of two markers of sarcoidosis severity. Scand J
Clin Lab Invest. 2008;68:479-83.

Létorneau S, Krieg C, Pantaleo G, Boyman O. IL-2- and CD25-
dependent immunoregulatory mechanisms in the homeostasis
of T-cell subsets. J Allergy Clin Immunol. 2009;123:758-62.
Bachiller-Corral J. Otras Causas de Hipercalcemia. In:
Sociedad Espafola de Reumatologia. Manual de enfermedades
oOseas. Madrid: Editorial Médica Panamericana, S. A. 2010: pp.
143-148.

Conron M, Young C, Beynon HLC. Calcium metabolism in
sarcoidosis and its clinical implications. Rheumatology.
2000;39:707-13.

Gonzalez-Lamuiio D. Hipercalciuria. Pediatr Integral.
2013;17:422-32.

Schwartz GJ, Haycock GB, Edelmann CM Jr, Spitzer A. Asimple
estimate of glomerular filtration rate in children derived from
body length and plasma creatinine. Pediatrics. 1976;58:
259-63.

Guignard JP, Santos F. Laboratory Investigations. In: Avner ED,
Harmon WE, Niaudet P, editors. Pediatric Nephrology.
Philadelphia: Lippincott Williams & Wilkins; 2004.
pp. 399-424.

Caballero-Mora FJ, Muiioz-Calvo MT, Garcia-Ros M, Rodriguez
de Alarcon J, Fernandez-Pérez ML, Casco F, et al. Tumores
testiculares y paratesticulares en la infancia y adolescencia.
An Pediatr. 2013;78:6-13.

Weil RJ. Meningeal neurosarcoidosis mimicking convexy
meningioma. Case illustration. J Neurosurg. 2001;94:1013.
Zajicek JP, Scolding NJ, Foster O, Rovaris M, Evanson J,
Moseley IF, et al. Central nervous system sarcoidosis—
diagnosis and management. Q J Med. 1999;92:103-17.
Diaz-Valle D, Méndez R, Arriola P, Cuifa R, Arino M.
Enfermedades sistémicas no infecciosas y uveitis. An Sist
Sanit Navar. 2008;31(Supl. 3):97-110.

Lim V, Clarke BL. Coexisting primary hyperparathyroidism and
sarcoidosis cause increased angiotensin-converting enzyme
and decreased parathyroid hormone and phosphate levels. J
Clin Endocrinol Metab. 2013;98:1939-45.

Ammenti A, Pelizzoni A, Cecconi M, Molinari PP, Montini G.
Nephrocalcinosis in children: a retrospective multi-centre
study. Acta Paediatr. 2009;98:1628-31.

Milliner DS, Murphy ME. Urolithiasis in pediatric patients.
Mayo Clin Proc. 1993;68:241-8.

Stapleton FB, Roy S 3rd, Noe HN, Jerkins G. Hypercalciuria in
children with hematuria. N Engl J Med. 1984;310:1345-8.
Voghenzi A, Bezzi TM, Luscardi P, Soriani S. Acquired
hyperoxaluria and haematuria in children. Pediat Nephrol.
1992;6:356-7.

Fernandez-Rodriguez A, Arrabal-Martin M, Garcia-Ruiz MJ,
Arrabal-Polo MA, Pichardo-Pichardo S, Zuluaga-Goémez A.
Papel de las tiazidas en la profilaxis de la litiasis calcica
recidivante. Actas Urol Esp. 2006;30:305-9.



128

A. Zamora-Chavez et al.

71. Preminger GM, Pak CY. Eventual attenuation of hypercalciuric
response to hydrochlorothiazide in absorptive hypercalciuria.
J Urol. 1987;137:1104-9.

72. Turk C, Knoll T, Petrik A, Sarica K, Seitz C, Straub M, et al.
Guia clinica sobre la urolitiasis. European Association of
Urology. 2010. Available from: http://uroweb.org/wp-
content/uploads/07-GUIA-CLINICA-SOBRE-EL-CANCER-LA-
UROLITIASIS. pdf

73. Segal BH, Holland SM. Primary phagocytic disorders of
childhood. Pediatr Clin North Am. 2000;47:1311-38.

74. Barrera-Ramirez LM, Drago SME, Pérez RJ, Zamora AC, Gomez
AF, Sainz ETR, et al. Citometria de flujo: vinculo entre la

75.

76.

77.

investigacion basica y la aplicacion clinica. Rev Inst Nal Enf
Resp Mex. 2004;17:42-55.

Ramirez-Vargas NG, Berron-Ruiz LR, Berron-Pérez R, Blancas-
Galicia L. Diagnostico de enfermedad granulomatosa cronica;
pacientes y portadoras. Rev Alergia Mex. 2011;58:120-5.
Holland SM. Chronic granulomatous disease. Clin Rev Allergy
Immunol. 2010;38:3-10.

Silva MT. When two is better than one: macrophages and
neutrophils work in concert in innate immunity as complementary
and cooperative partners of a myeloid phagocyte system. J
Leukoc Biol. 2010;87:93-106.



	Sarcoidosis in childhood. A rare systemic disease☆

