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Introduction
Sarcoidosis is a systemic granuloma-
tous disorder of unknown cause charac-
terized by the presence of non-caseat-
ing gra nu l o m ata. Its clinical fe at u re s
are protean, with a disease expression
ranging from asymptomatic individuals
with ab n o rmal chest ra d i ographs to
mu l t i o rgan fa i l u re. Although many
organ systems can be involved, the lung
is most commonly affected and ac-
counts for the majority of morbidity
and mortality from the disease. Sar-
coidosis is well recognized in adults
and is most commonly diagnosed be-
tween the ages of 20 and 40 years, but
it can also occur in children (1-8). 
Although sarcoidosis in children may
be underdiagnosed, it is in fact quite
rare in the pediatric age. The incidence
of the disease increases from birth to
adolescence, with most cases typically
diagnosed in the pre-adolescent or ado-
lescent period. There seems to be two
forms of juvenile sarcoidosis, accord-
ing to the age of onset. The early-onset
form (i.e. patients presenting in the first
4-5 years of life) is usually character-
ized by the triad of arthritis/rash/uveitis
(9-11), while older children and adoles-
cents have a form of sarcoid that is sim-
ilar to the adult one, with hilar adeno-
pathy, pulmonary infiltrates, and sys-
temic features such as weight loss and
fever (12). The most important differ-
ences between these two forms are list-
ed in Table I.

Epidemiology
The prevalence and incidence of sar-
coidosis are not well known, due to the
high frequency of asymptomatic indi-
viduals. The disease seems to be quite
rare in childhood: a recent Danish stu-
dy has estimated an annual incidence of
2-3 cases per million ch i l d ren (5).
However, routine chest X-ray screen-
ings of children performed in Hungary
and Japan have disclosed many sub-
clinical cases (4, 6, 13). 
In the majority of rep o rted pediat ri c
series the frequency of sarcoidosis is

similar in the two genders (14). The
racial distribution seems to be different
a c c o rding to the age of onset, w i t h
A f ri c a n - A m e ricans comprising the
m a j o rity in older ch i l d ren and Cau-
casians in the younger group. Certain
areas, such as Sweden in Europe and
the South Atlantic and Gulf states in the
U S A , h ave been rep o rted to have a
higher incidence of this disease (14,
15). 

Etiology and pathogenesis
The etiology of sarcoidosis is un-
known. It is thought that the disease
characteristics are secondary to an al-
t e red immune response to unknow n
agent(s). The macrophage most likely
i n i t i ates the infl a m m at o ry re s p o n s e,
and the accumu l ation of activated T
cells and mononu clear phago cytes at
the lesion precedes granuloma forma-
tion (16). CD4+ lymphocytes perpetu-
ate infl a m m ation by releasing cy t o-
kines such as IL-2, IL-6, and -interfer-
on, while TNF- seems to be critical in
o rder to maintain the gra nu l o m at o u s
lesion. In addition, B-lymphocytes are
s t i mu l ated to produce increased amounts
of immunoglobulins and fibroblasts are
stimulated to proliferate.

Clinical features
The clinical fe at u res of sarcoid are
diverse. We will list the most common
according to the organ systems involv-
ed. In the majority of cases constitu-
tional symptoms such as fever, weight
loss, or fatigue are present. 
Respiratory tract. The lung is the most
frequently involved organ in sarcoido-
sis. Dry cough and dyspnea are the
most common symptoms, and ra d i o-
logical evidence of bilateral hilar lym-
phadenopathy, with or without paren-
chymal involvement, is present almost
universally in adolescent and pre-ado-
lescent patients (17). Radiological fea-
tures are staged using the same system
as that used in adults, i.e. stage I (nor-
mal chest ra d i ograph) to stage IV
(fibrosis and emphysema with forma-
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tion of bullae) (15). Chest pain may
occasionally be present. Abnormalities
in pulmonary function are also similar
to those seen in adults; although any
aspect of lung functioning may be
compromised, restrictive lung disease
is the most common manife s t at i o n
(18). Chest X-ray and pulmonary func-
tion tests are frequently abnormal at the
very onset of disease. Affected children
often improve gradually, and can devel-
op normal lung functioning over a peri-
od of years. On rare occasions, not only
the lower but also the upper respiratory
tract may be affected (19-21).
Ly m p h atic system. Pe ri p h e ral ly m p h-
adenopathy is a common physical find-
ing in children, and lymph nodes are a
useful tissue site for a diagnostic biop-
s y. Nodes are typically fi rm , f re e ly
movable, shotty, and non-tender. 
Skin. Cutaneous manifestations are also
frequent and include papules, plaques,
nodules, erythema nodosum, and hypo-
or hyperpigmented areas. Lupus pernio
is frequent in adults but rare in chil-
dren. 
Eyes. Ocular involvement is extremely
common in sarcoidosis, and is one the
most serious complications. The granu-
lomatous inflammation can affect al-
most all of the ocular structures (22,
23). The most common form is granu-
lomatous uveitis, which can be a panu-
veitis in about 25% of cases. The uve-
itis of sarcoidosis is characterized by
firmly edged keratic precipitates in the
limbus, iris nodules, and focal synechi-
ae. Granulomata are also frequent in
the conjunctiva e. Complications incl u d e
optic neuritis, band keratopathy, cata-

ra c t , g l a u c o m a , and retinal va s c u l i t i s
(24). Ocular symptoms are usually not
p ro m i n e n t , so that an opthalmologi c
eva l u ation is mandat o ry in any case
diagnosed as sarcoidosis. A blind con-
junctival biopsy can be diagnostic for
the presence of granulomata in 10-30%
of the cases, with sensitivity raised to
75% if the biopsy is performed in the
presence of conjunctival nodules. Mag-
netic resonance of the orbit is an excel-
lent diagnostic procedure when a direct
eye examination is unrevealing. 
N e rvous system. Clinically ev i d e n t
neurological dysfunctions secondary to
sarcoidosis are rare in childen (25-27).
Although any part of the nervous sys-
tem can be involved, granulomata are
most common in the basal area of the
m e n i n ges and bra i n , p roducing ob-
s t ru c t ive hy d ro c ephalus and seve n t h
nerve palsy (15). In the case of central
n e rvous system (CNS) invo l ve m e n t ,
concurrent systemic disease is usually
p resent. Growth defi c i e n cy has been
d e s c ribed in association with bra i n
MRI abnormalities, and hypothalamic
i n fi l t ration can manifest as diab e t e s
insipidus (28, 29). Clinically silent
intra-cranial sarcoidosis has also been
recently described (30). 
K i d n ey. Renal invo l vement can be
related to the presence of granulomata
in the renal parenchyma, or to hyper-
c a l c i u ria with nep h rocalcinosis (31-
35). Biopsy-proven renal gra nu l o m a-
tous sarcoidosis has been recently des-
cribed in 11 children, 9 of whom devel-
oped renal fa i l u re (36). A l t h o u g h
reported cases of renal sarcoid are few,
these authors reviewed published series

(for a total of 328 children with sar-
coidosis) and could calculate the preva-
lence of hy p e rc re atininemia (26%),
proteinuria or abnormalities in the uri-
n a ry sediment (31%), hy p e rc a l c i u ri a
(47%), and hypercalcemia (21%). Kid-
ney stones were reported in 8 cases.
Therefore, renal involvement might be
more common than currently thought.
The frequencies of renal abnormalities
were similar in granulomatous and cal-
caemic nep h ro p at hy. Membra n o u s
nephropathy has also been described in
childhood sarcoidosis, and the altered
immune response has been postulated
to be responsible for the formation of
immune complexes within the glomer-
uli (37).
Not only the kidney but also the uro-
genital tract can be involved, since tes-
ticular and epididymal sarcoidosis have
been described in ch i l d ren (38, 3 9 ) .
Liver. Hepatic involvement by sarcoid
granulomata may be present in up to
90% of patients, according to the dif-
ferent series, and liver enzymes (biliru-
bin and alkaline phosphatase) are often
m i l d ly elevat e d. Howeve r, s y m p t o m s
a re usually present in a mu ch lower per-
centage of cases. In the presence of he-
patic involvement, sarcoid granulomata
are usually numerous enough on liver
specimens to make sampling erro rs
unlikely; therefore a diagnostic biopsy
can be re l i able since false negat ive
results in this setting are rare (40).
Heart and blood vessels. Cardiac in-
vo l vement has been thoro u g h ly des-
cribed in adult sarcoidosis (41-44), but
rarely in the pediatric age. On the other
hand, vasculitis seems to be a promi-

Table I. Features of classical and early-onset sarcoidosis.

Classical juvenile sarcoidosis Early-onset form

Age group (onset) Mostly adolescence First 4 years of life

Prevalent racial background African-American Caucasian

Familial No Possible (Blau syndrome)

Pulmonary involvement Present, usually from the onset Absent (or present only later in the disease course)

Lymphadenopathy Yes Not prominent

Systemic symptoms (e.g. weight loss, fever) Yes No

Arthritis Rare Yes (mostly tenosynovitis)

Uveitis Yes Yes

Rash Yes Yes

Prognosis Variable, but can be good in a Usually unrelenting and progressive course,
significant proportion of cases frequent severe complications
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nent feature in some of the described
juvenile cases. This can take the form
of large vessel vasculitis, such as ab-
dominal aortic aneurysm (45), or medi-
um or small vessel vasculitis. A recent
review of sarcoidosis and systemic vas-
culitis has identified 28 patients and,
despite the relative rarity of the disease
in the pediat ric age, almost half of
these patients were children (46).
M u s c u l o s keletal system. A rt h ritis is
more common in the early-onset group
than in older ch i l d ren (see below ) .
Bone involvement is rare, and has been
described in the distal ends of the pha-
langes, and the metacarpal and meta-
t a rsal bones. Punched-out lesions, a
l a cy reticular trabecular pat t e rn , o r
acro-osteolysis have all been reported
(6). Myositis with granulomata in the
muscles has also been described (47-
50).

Diagnosis
The currently accepted diagnostic stan-
dard for sarcoidosis is the demonstra-
tion of non-caseating granulomata in
one or more organs in the setting of
consistent radiographic or clinical find-
ings. Granulomata can be found in any
of the organs involved; however, they
may also be found in a variety of other
diseases, such as infections, malignan-
cy, or hypersensitivity reactions (15).
The typical sarcoid granuloma consists
of sharp ly circ u m s c ribed ep i t h e l i o i d
histiocytes with foreign body giant (or
Langhans) cells surrounded by a rim of
lymphocytes. The giant cells may con-
tain blue laminate concretions of calci-
um and proteins (Schaumann bodies),
or stellate-shaped inclusions (asteroid
bodies). 
Laboratory testing often does not con-
tribute to the diagnosis. Serum calcium
levels are sometimes elevated, and hy-
percalcemia is likely to be more preva-
lent in ch i l d ren than in adults. Th e
mechanism that leads to elevated calci-
um levels is related to a specific meta-
bolic dy s reg u l ation. The ep i t h e l i o i d
cells in the sarcoid granuloma are in
fact tra n s fo rm e d, fi xed macro p h age s
which have retained the ability to pro-
duce 1- hy d rox y l a s e, and culture d
a l veolar macro p h ages from sarc o i d
patients are able to transform 25-OH-

vitamin D to 1,25-OH-vitamin D. The
excess circulating 1,25 dihydroxyvita-
min D produced extra-renally, together
with the loss of the normal feed-back
mechanisms, cause the increased intes-
tinal absorption and urinary excretion
of calcium. 
Serum levels of angiotensin-converting
enzyme (ACE), which is also produced
from the epithelioid cells of the sarcoid
granuloma, are often elevated as well.
However, an elevated ACE is not spe-
cific for sarcoidosis, since it can be pre-
sent in a variety of other disorders (15);
it is also less sensitive in the childhood
than in the adult form of the disease.
Moreover, ACE levels tend to be higher
in childen than in adults, so abnormal
results should be compared with refer-
ence values adjusted for age (51, 52). 
The Kviem-Siltzbach skin test, in wh i ch
non-caseating granulomata are shown
in a biopsy after the intra-dermal injec-
tion of human sarcoid homogenate, has
been abandoned because it is not wide-
ly available and not well standardized
(12). 
B ro n ch o a l veolar lavage demonstrat e s
an increased number of ly m p h o cy t e s
(53), most of which are activated T-
cells, and preferential cytokine expres-
sion patterns (54). However, the useful-
ness of this procedure in children has
not gained wide acceptance. Fine nee-
dle aspiration biopsy cytology has been
suggested as an adjunct in the diagno-
sis of children with suspected sarcoido-
sis, through the demonstration of epi-
thelioid histiocytes and multinucleated
foreign-body type giant cells without
a c c o m p a nying necrosis or acute infl a m-
m ation (55). Gallium scans are also
useful, but only as a research tool at the
present time, since the increased uptake
in the lungs is not specific for sarcoido-
sis but can be present in other disorders
as well. 
In children who present with fever of
u n k n own ori gi n , m agnetic re s o n a n c e
imaging has been useful in establishing
the diagnosis of sarcoidosis, showing
multifocal nodular lesions in the bone
marrow of the lower extremities (56). 

Prognosis
Even if long-term studies in children
are lacking, it seems that the prognosis

of childhood sarcoidosis is not signifi-
c a n t ly diffe rent from that in adults,
with most children showing improve-
ment in their pulmonary status (15, 57)
and the vast majority of patients recov-
ering with minimal or no therapy (6).
Severe involvement at presentation and
multiorgan involvement are associated
with a worse prognosis. As described
l at e r, p atients with onset in the fi rs t
years of life usually have an unfavour-
able outcome. 

Treatment
Generally, it is believed that corticos-
t e roids may accelerate symptomat i c
improvement, although the long-term
p rognosis is pro b ably not affe c t e d.
Asymptomatic patients can only be fol-
l owed cl i n i c a l ly, while steroid tre at-
ment should be instituted in the pres-
ence of respiratory symptoms such as
dyspnea, cough or chest pain, or in the
presence of severe impairment of pul-
monary function tests. In the case of a
s c a rce response to cort i c o s t e ro i d s ,m e t h-
otrexate has been used with success.
An open-label trial (58) has evaluated
the efficacy of weekly oral low-dose
methotrexate in 7 children with biopsy-
proven sarcoidosis. Each of them had
p rev i o u s ly undergone at least one
unsuccessful attempt to taper the pred-
nisone dosage. At the end of the follow-
up period (mean, 13.4 months, range,
6-28 months) there was a significant
improvement in the clinical signs and
symptoms and laboratory parameters;
moreover, the mean prednisone dosage
could be reduced from 1.3 mg/kg/day
to 0.1 mg/kg/day. 
Other immunosuppressive medications
that have been used in adult patients in-
clude cy cl o s p o ri n e, a z at h i o p ri n e, a n d
cyclophosphamide.

Early-onset sarcoidosis
We and others (3, 4,6, 9, 10, 11,14, 15,
59-62) believe that patients in this
early-onset group are suffering from a
disease distinct from classic sarcoido-
sis, and some authors have even sug-
gested a different name for it – “juve-
nile systemic gra nu l o m at o s i s ” ( 6 3 ) .
Onset always occurs within the fi rs t
years of life, frequently in the first 12
months. The classic appearance of sar-
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coid in the very young child is charac-
terized at the onset by rash or arthritis
without pulmonary invo l ve m e n t , fo l-
lowed by uveitis and various other clin-
ical manifestations which can be multi-
system. The typical triad of early-onset
sarcoidosis is shown in Figure 1. This
disease is part i c u l a rly ch a l l e n gi n g,
since it can be easily confused with
juvenile idiopathic arthritis (JIA) (40,
64-69) and often has a progressive and
d eb i l i t ating cours e. The most useful
differentiating features between early-
onset sarcoidosis and JIA are shown in
Table II. 
The arthritis of early-onset sarcoidosis
is typically a tenosynovitis, frequently
with massive swelling of the wrists and
ankles and sometimes the knees. Its cli-
nical appearance is usually distinctive
from the arthritis of JIA, in that syn-
ovial hy p e rt ro p hy in the joints, a n d
especially in the tendon sheaths, is typ-
ically accompanied by a relative lack of
p a i n , t e n d e rness or re s t ricted motion
(70). With disease progression the arth-
ritis can become erosive, with deform-
ities and functional limitations. Rosen-
berg et al. (71) compared children with
sarcoidosis who had arthritis to those
without articular involvement. Patients
with arthritis had a significantly lower
age at disease onset (mean, 2.3 vs. 10.8
years) and a significantly higher preva-
lence of skin and eye disease (P <
0.001). 
The rash of sarcoidosis may assume
different forms, and is usually macular
or nodular. It can be distinguished from
the rash of systemic JIA, which is typi-
cally evanescent and not fixed, usually
salmon-pink and not nodular or follicu-
lar as is sarcoid. Erythema nodosum
(72) and other unusual derm at o l ogi c
manifestations (73, 74) have been des-
cribed at the onset of disease.
Ocular invo l vement is part i c u l a rly
grave in this age group, and can lead to
blindness. It is rarely present at the dis-
ease onset. The differential diagnosis is
again mainly from JIA. However, uve-
itis is rare in systemic onset disease,
and there are features that help to dis-
tinguish between the two conditions. In
p a rt i c u l a r, in JIA-associated uve i t i s ,
which is anterior in most cases, nodule
formation is usually not present, and

Fig. 1. The triad (skin, eye, and joint
i nvo l vement) of early-onset sar-
coidosis. (a) Papular rash on the
trunk; (b) g ranulomas at the inferior
pole and irregularities of the pupillar
rim; (c) swelling of the wrists.

(a)

(b)

(c)
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synechiae with the lens are mostly dif-
fuse, while in sarcoidosis they tend to
be focal; corneal deposits tend to be in
the periphery in sarcoid and in the cen-
t re or diffuse in JIA. When pre s e n t ,
retinal and optic nerve invo l ve m e n t
will exclude the diagnosis of JIA.
Pulmonary involvement is not usual in
early-onset sarcoid, but can ensue later
during the disease course. Almost every
organ system can be affected in child-
hood sarcoidosis: among the other clin-
ical manifestations, renal involvement
with hemat u ri a , hy p e rc a l c i u ria and
nephrocalcinosis can occasionally lead
to renal failure (75). Cardiac involve-
ment by sarcoid granulomata, hepato-
s p l e n o m ega ly, and short stat u re have
all been described. Osseous sarcoidosis
is rep o rted in ap p rox i m at e ly 5% of
adult patients (76), but has only occa-
sionally been described in young chil-
dren (77, 78). Also, vasculitis has been
described in this group (46), including
large vessel vasculitis with aortic arch
i nvo l vement indistinguishable fro m
Ta k ayasu art e ritis (79), renal art e ry
stenosis (80), and systemic necrotizing
vasculitis with skin infarction and digi-
tal gangrene (81).
The diagnosis of early-onset sarcoido-
sis is, as in the classic form, established
on clinical grounds with the support of
histology. Sometimes skin manifesta-
tions precede the other fe at u res (82,
83), making the diagnosis very difficult
at the onset of disease. The presence of
non-caseating granulomata in the ap-
propriate clinical setting is pathogno-
monic. Chest-X ray is not useful for

diagnosis in the very young child, but
can become abnormal with the disease
c o u rs e. Circ u l ating levels of calcium
and ACE are not useful for the diagno-
s i s , but when increased they can be
used with sequential measurements to
monitor disease activity in individual
patients. 
The prognosis seems to be worse in the
early-onset form than in the classic sar-
coid. We have described 6 patients fol-
l owed for as long as 23 ye a rs; their com-
p l i c ations included bl i n d n e s s , dwa r fism,
renal fa i l u re, and heart invo l ve m e n t
(61). Despite continuous systemic cor-
t i c o s t e roid tre at m e n t , one of these
patients died 10 years after the disease
onset from multiple organ failure and
ch ronic conge s t ive heart fa i l u re sec-
ondary to widespread granulomata in-
vasion. We can only comment on (not
analyse) the efficacy of treatment, since
the rarity of this disease has not al-
lowed controlled trials to be conducted.
C o rt i c o s t e roids are the mainstay of
t re at m e n t , but methotrex ate has also
been used with success in a few pa-
tients (58). 

Blau syndrome
Genetic fa c t o rs also seem to play a
role: a familial form of autosomal dom-
inant granulomatous disease of child-
hood (Blau syndrome) has in fact been
described, with clinical features almost
identical to early-onset sarcoidosis (84).
Genetic linkage analysis has shown a
disease susceptibility locus on the peri-
centromeric region of chromosome 16
(85). Several other families with this

disorder have been reported in the liter-
ature (86-90). 
There has been debate on whether the
t wo fo rms rep resent sep a rate entities
(91-93), based in part on the presumed
absence of visceral invo l vement in
Blau syndro m e. Howeve r, renal (94)
and hep atic (95) gra nu l o m ata have
recently been described in this disease
as well. More ove r, gra nu l o m ata of a
skin and synovial biopsy from a patient
with Blau syndrome could not be dis-
tinguished from those seen in sarcoido-
sis, either by light microscopy or by
immunocytochemical studies (96). It is
n ow believed by some authors that
these two diseases constitute part of the
same spectru m , and Blau himself
agreed with this concept when dis-
cussing the nomenclature of the disease
that carries his name (97). 

Conclusions
Sarcoidosis is rare in childhood. When
it presents during adolescence, its clini-
cal features mirror those in adults, and
pulmonary involvement is the most fre-
quent fi n d i n g. In contra s t , the early
onset form, which occurs in children
during their first years of life, seems to
be a quite different disease. Respiratory
symptoms are often absent, while the
p redominant manife s t ations are skin
rash, arthritis/tenosynovitis, and uvei-
tis. This disease can be progressive and
s eve re, with multisystemic invo l ve-
ment and frequent complications. The
diagnosis can be difficult, because the
full-blown picture may not be apparent
at the onset, and the disease can mimic

Table II. Diagnostic differentiation between early-onset sarcoidosis and juvenile idiopathic arthritis.

Early-onset sarcoidosis Juvenile idiopathic arthritis

Arthritis Mostly tenosynovitis (effusion along tendon sheaths), with Arthritis (effusion within synovial spaces) can occur in 
massive and boggy swelling (usually wrists and/or ankles) large and small joints

No comparable pain and restricted range of motion Swelling is accompanied by restricted range of motion,
sometimes with pain

Erosive changes occur only with long-standing disease Erosions can be present also in early disease
Juxta-articular osteoporosis.

Uveitis Granulomatous, can be anterior and posterior Usually anterior
Focal synechiae Diffuse synechiae
Nodules No nodules
Possible vascular and retinal involvement No vascular/retinal  involvement
Peripheral corneal aggregates Central corneal aggregates

Rash Persistent, can assume different forms (even nodular) Evanescent, maculopapular
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other disorders such as juvenile idio-
pathic arthritis. 
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