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ABSTRACT
Background Sarcoidosis is a rare lung disease in
children. The aim of the present study was to provide
update information on disease presentation and
progression, patient management and prognosis factors
in a cohort of children with lung sarcoidosis.
Methods With the network of the French Reference
Centre for Rare Lung Diseases (RespiRare), we collected
information on a large cohort of paediatric thoracic
sarcoidosis to provide information on disease
presentation, management and outcome.
Results Forty-one patients were included with a median
age at diagnosis of 11.8 years (1.1–15.8), mostly from
Afro-Caribbean and Sub-Saharan origin. At diagnosis,
85% presented with a multi-organic disease, and no
major differences were found regarding disease severity
between the patients diagnosed before or after 10 years
old. Corticosteroids were the most used treatment, with
more intravenous pulses in the youngest patients. The
18-month outcome showed that patients diagnosed
before 10 years old were more likely to recover (50% vs
29%), and presented fewer relapses (29% vs 58%).
At 4–5 years of follow-up, relapses were mostly observed
for patients diagnosed after 10 years old.
Discussion In the included children, mostly of Afro-
Caribbean and Sub-Saharan origin, sarcoidosis seems
severe, with multi-organic involvement and foreground
general symptoms. Common prognosis factors are not
suitable in paediatric patients, and a young age at
diagnosis does not seem to be associated with a poorer
prognosis. The study is ongoing to provide further
information on the very-long-term follow-up of paediatric
sarcoidosis.

BACKGROUND
Sarcoidosis is a chronic inflammatory disease of
unknown cause, characterised by the formation of
non-caseating granuloma in various organs.1 Its
pathophysiology remains unclear, with, however,
increasing evidence that genetic susceptibility and
environmental factors contribute to disease devel-
opment.2–5 It is a rare disease reported mainly in
adult patients aged 25–45 years, with an estimated
incidence of 5–45 in 100 000 population.6 In chil-
dren, data derived from the nationwide Denmark
registry provide an estimation of the overall inci-
dence of 0.29 per 100 000 children, mainly in

children older than 10 years.7 Familial cases have
also been reported.8

Sarcoidosis can affect many organs, predomin-
antly the lung.9 10 Disease expression depends on
the location of the granuloma.11 In children, apart
from the Danish and the French studies, informa-
tion on sarcoidosis expression and progression
remains limited to small series of patients.12

Consequently, disease management is often derived
from recommendations established in adult patients.
The aim of the present study was to provide

update information on disease presentation and
progression in a cohort of children with lung sar-
coidosis, and to discuss patient management based
on disease expression and severity.

MATERIALS AND METHODS
All patients with a paediatric form of lung sarcoidosis
at the time of diagnosis and registered in the database
of the French reference centre for rare lung diseases
RespiRare were included. As previously described,
RespiRare is the national organisation for rare lung
diseases in France, launched by the Ministry of
Health in 2006.13 Since 2008, the RespiRare data-
base has been organised and structured as an
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electronic medical record for patients, allowing the storage of
phenotypic and genotypic data through a web interface.

Specific queries were run by the data management team to iden-
tify patients with sarcoidosis in the database. For patients trans-
ferred to adult clinical pulmonary centres for further follow-up
care, clinical information was obtained from the local hospital
records. The patients presenting with a non-thoracic sarcoidosis, a
Blau syndrome, an immune disorder, or a Crohn disease, were
excluded. All included patients had a histologic diagnosis of sar-
coidosis, made by a paediatric pathologist.14 15 The presence of a
typical granuloma in at least one involved organ was considered
compulsory for the diagnosis of sarcoidosis.

At initial evaluation the following items were collected:
patient information (date of birth, gender, ethnical origin, famil-
ial consanguinity), age at diagnosis, familial history of sarcoid-
osis, general symptoms (fever, anorexia, asthenia and weight
loss), and clinical manifestations of organ involvement. Standard
blood laboratory tests included measurements of angiotensin-
converting enzyme (ACE, normal range depending on the
laboratory), erythrocyte sedimentation rate (ESR, normal range
<8 mm/h) and calcaemia (normal range 2.2–2.6 mmol L). Lung
disease was evaluated by chest imaging (chest X-ray and high-
resolution CT (HRCT) scan), pulmonary function tests, and
bronchoalveolar lavage (BAL) fluid analysis. Current HRCT scan
and pulmonary function test protocols used by the RespiRare
participating centres have been recently reported.16 Pulmonary
function tests included measurements of lung volumes, with
herein reported indices of FVC, lung transfer factor for carbon
monoxide with a rebreathing method (TLCO), lung mechanics
studies using the oesophageal catheter technique with measure-
ments of dynamic lung compliance (CLdyn), and arterial blood
gas levels. The best spirometric curve out of two reproducible
curves was recorded. All results were expressed as percentage of
predicted values for ethnicity, gender, age and height, according
to the reference values.17 FVC values <80%, and TLCO and
CLdyn values <75% were considered as significantly decreased.
Bronchoscopy and BAL were performed as previously described,
with cytological analysis of BAL fluid including the CD4/CD8
lymphocyte ratio.18

The physician in charge of the patient decided on the treat-
ment option and performed the patient follow-up. During the
follow-up all patients were evaluated at several time points, at
least every 3 months during the first year of follow-up, and
depending on the evolution after. The patients were considered
as (1) cured: in situations of absence of an organ involvement
and no sequelae of the disease in the absence of treatment; (2)
stable: in situations of persistence of an organ involvement, with
no worsening of the disease and no evidence for a new organ
involvement; (3) experiencing relapses: in all other situations.

Quantitative values were reported as median and range or
mean and SDs. Qualitative data were reported as number (per-
centages); associations between age at diagnosis, lung function
tests, treatments and relapses were studied. Comparisons
between groups were established using a non-parametric t test
and prognosis factors were analysed using a Mann–Whitney–
Wilcoxon test. p Values less than 0.05 were considered statistic-
ally significant.

RESULTS
Forty-one patients with paediatric sarcoidosis have been regis-
tered into the e-RespiRare database since 2008. They were diag-
nosed and followed by pulmonary paediatric teams in seven
university hospitals in France. After the age of 18 years, they
were referred to the adult teams to pursue the follow-up.

The female/male sex ratio was 1.15. Age distribution at diagno-
sis is shown in figure 1. Median age at diagnosis was 11.8 years
old (1.1–15.8). The median (range) duration of follow-up after
disease onset was 58 months (8–183). From previous reports
indicating age differences in disease expression, two groups of
patients were defined in the present study: the group of patients
(14 patients, 7 girls) younger than 10 years old at diagnosis
(<10 years group), and the group of patients (27 patients, 15
girls) 10 years old and older at diagnosis (≥10 years group).12

Thirty-six were Afro-Caribbean or Sub-Saharan Africans, one
was from India and four patients were Caucasian. A familial
history of sarcoidosis was reported for five patients, including
two brothers from inbreeding parents.

Clinical manifestations at diagnosis are summarised in table 1.
General symptoms were observed in a large number of patients,
with mainly asthenia, fever (reported in 71% patients of the
<10 years group, and in only 29% in the ≥10 years group), and
weight loss.

Table 1 Clinical manifestations of the study population
(41 patients) at diagnosis

Number of
patients Percentage

General 32 78
Fatigue 23 56
Fever 18 44
Weight loss 18 44
Sweats 4 10
Lung 23 56
Cough 14 34
Dyspnoea 10 24
Liver, spleen
Hepatomegaly and/or splenomegaly

20 49

Eyes
Uveitis, iridocyclitis, conjunctivitis

16 39

Peripheral lymphadenopathy 12 29

Skin
Erythema, erythema nodosum, rash, sarcoid skin
lesions

8 19

Joints
Arthritis

6 15

ENT
Parotitis, salivary glands hypertrophy

3 7

Nervous system
Peripheral neuropathy, meningitis, migraine

2 5

Heart
Heart murmur

2 5

Figure 1 Age distribution in years at diagnosis of the 41 patients
included in the study.
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Respiratory symptoms were documented in 23 patients. Only
6 patients had a disease limited to the respiratory system. In the
other 35 patients, various combinations of organ manifestations
were observed after extensive investigations (figure 2).

Chest X-rays were reported to be normal in 18 patients
(44%), but HRCT scans revealed abnormal findings in 39
patients (95%). These abnormalities were mainly nodules with
ground-glass opacities and hilo-mediastinal lymphadenopathies.
Lung function tests were altered in 36 of the 38 patients who
completed the tests (table 2). A significant decrease in FVC was
documented in 24 patients with similar levels of alterations in
the two age groups. TLCO was decreased in 20 patients, mainly
in the ≥10 years group. As previously described, CLdyn was the
functional parameter that was the most reduced in both age
groups. Bronchoscopy with BAL, performed in 37 patients,
documented an increase in the lymphocyte population in 35 of
them, with a mean value of 40% (±22); and a mean value of

CD4/CD8 ratio of 4 (±4), with a wide range from 0.28 to 19.
Results of serum ACE performed in 40 patients showed an
increase in 60% patients with mean fold values of 1.5 (±0.8)
the expected values. Hypercalcaemia was documented in three
patients, and ESR was elevated in all but three patients with a
mean value of 44 mm/h (±29.5).

As indicated in figure 2, complete clinical investigations led to
liver disease documented in half of the patients. Eye lesions and
enlargement of the peripheral lymph nodes were present in
44% and 29% of the patients, respectively. Involved organs in
the 10–20% range of the cases include the salivary glands, skin,
kidney, joints, spleen, and ear nose throat. The stomach, heart,
pancreas, bone marrow, nervous system and oesophagus were
rarely involved.

Altogether, a mean value of 3.8 organ involvement per
patient was observed, with no statistical differences between the
two groups: 3.4 in the <10 years group and 4 in the ≥10 years
group.

In more than half of the patients, several tissue specimens
were needed to document the presence of typical granulomas,
confirming the difficulty in establishing the diagnosis. Figure 3
indicates the sites of the tissue biopsies. As shown, the most
informative sites were the salivary gland, the liver and the lung.

One patient did not receive any treatment at diagnosis. All
other patients received a corticosteroid regimen, including daily
oral administration of prednisolone or prednisone at doses
ranging from 0.5 to 2 mg/kg/day for a median duration of
23.9 months (1–84), and/or monthly intravenous pulses of
methylprednisone (300 mg/m2/day for 3 consecutive days). At
diagnosis, 17 (41%) patients were treated with oral steroids
alone, 22 (53%) patients received intravenous pulses combined
with oral steroids, and one patient was treated with intravenous
pulses only.

Only one oral steroid molecule was declared for each patient
with no changes over time (in half of the cases prednisolone
and in the other half prednisone. The <10 years group received

Figure 2 Extra-pulmonary organ involvement at diagnosis, assessed
by extensive explorations. ENT, ear, Nose, throat.

Table 2 Patient evaluation and treatment at diagnosis, at 18 months and at 4–5 years of follow-up

At diagnosis At 18 months follow-up At 4–5 years of follow-up

Age groups and number
of patients (n)

<10 years group
(14)

≥10 years group
(27)

<10 years group
(14)

≥10 years group
(24)

<10 years group
(10)

≥10 years group
(19)

Lung function tests
Mean values (SD)
FVC % pred 62 (±26) 61 (±22) 76 (±12) 76 (±15) 80 (±12) 74 (±13)
CLdyn % pred 45 (±15) 43 (±1) 66 (±30) 65 (±13) 100, 80 and 34* 55 and 74*
TLCO % pred 96 (±48) 61 (±19) 82 (±12) 76 (±21) 78 (±8) 79 (±23)

Treatment
Number of patients (%)
Steroids

Oral 14 (100%) 23 (85%) 5 (36%) 12 (50%) 4 (40%) 8 (42%)

Intravenous pulses 11 (79%) 11 (41%)† 7 (50%) 4 (17%) 7 (70%) 5 (26%)
Immunosuppressive drugs 0 0 3 (21%) 12 (50%) 3 (30%) 7 (37%)
Outcome
Number of patients (%)
Recovery 7 (50%) 7 (29%) 5 (50%) 8 (42%)
Stabilisation 3 (21%) 3 (13%) 2 (20%) 2 (10%)
Relapses 4 (29%) 14 (58%)† 3 (30%) 9 (47%)

Pulmonary function tests were expressed as a percentage of the predicted values (% pred) for height-matched children (±SD). Qualitative values are expressed as number of children (%).
*Only 3 patients tested in the <10 years old group and 2 in the >10 years old group.
†p Value ≤0.05.
CLdyn, dynamic lung compliance; TLCO, lung transfer factor for carbon monoxide.
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significantly more intravenous pulses than the other group (79%
vs 41%) (table 2). At diagnosis no immunosuppressive drugs
were given.

Patient data were analysed after a follow-up of 18 months,
and 4–5 years. In the 38 patients who completed at least an
18-month follow-up, outcome information is summarised in
table 2. In the <10 years group, 7 of the 14 patients recovered
completely and were free of health-related problems from sar-
coidosis; 3 patients displayed clinical manifestations stabilised or
improved; and 4 (29%) experienced relapses leading to an
increase in steroid treatment and for 3 of them immunosuppres-
sive therapy was introduced. In the ≥10 years group, a complete
recovery was observed in 7 of the 24 patients who completed
the follow-up, and a clinical improvement or stabilisation was
reported in 3 children. Interestingly, relapses were more fre-
quent in this group than in the <10 years group and were docu-
mented in 14 (58%) patients, leading to the initiation in 12 of
them of immunosuppressive therapy (mycophenolate mofetil,
hydroxychloroquin, infliximab, methotrexate, azathioprine,
cyclophosphamid).

A 4–5-year follow-up was completed in 29 patients, 10 in the
<10 years group and 19 in the ≥10 years group. In the
<10 years group, only 3 patients (30%) experienced transient
relapses at 36, 54 and 56 months following the diagnosis. Two
patients currently have no clinical manifestations and are receiv-
ing no treatment, and the third one has presented with multiple
splenic relapses and is being treated with steroids and immuno-
suppressive drugs. In the ≥10 years group, relapses were
observed in 9 patients (47%), with current treatment regimens
including oral steroids in 8, and intravenous steroids in 5. Seven
of these patients receive immunosuppressive drugs.

Analysis of relapse occurrence indicated that it was signifi-
cantly associated with systemic disease extension, evaluated by
the number of involved organs (p=0.004). No other associa-
tions could be documented, such as associations with lung
disease expression assessed by chest X-ray or HRCT scan abnor-
malities and CD4/CD8 ratio in the BAL at diagnosis, and with
ACE or ESR levels.

DISCUSSION
The present study used the national institutional organization
RespiRare to gather all the paediatric cases with a diagnosis of
pulmonary sarcoidosis. The recruited population was composed
of 41 patients, providing an accurate description of disease fea-
tures, management and outcome, and allowing the results to be
compared with the paediatric Danish study and with adult
studies.

The composition of the present cohort is characterised by a
number of cases in young children that is slightly higher than in
other reports. Most of the epidemiologic data on paediatric sar-
coidosis have been obtained from the Danish national patient
registry.7 19 In this registry, established from 1979 to 1994, and
re-evaluated in 1999, age distribution analysis showed that 6
children out of 46 (13%) were diagnosed before the age of 10,
compared with 14 out of 41 (34%) in the present study. Most
likely, this difference is not explained by changes in incidence
but rather by an increased recognition of disease features and
manifestations. The other main difference between the two
cohorts is the racial repartition with a majority of
Afro-Caribbean and Sub-Saharan patients in the present study,
whereas the Danish cohort is mainly Caucasian. This could be
explained by a high rate of immigration in France, with most
migrants coming from southern countries.20

Clinical manifestations were marked by a high rate of general
symptoms and especially fever in the youngest patients. This is
infrequent in adults.14 21 This observation could be due to a
revealing infection, or to a particular inflammatory phenotype
of the disease in young children. Fatigue is an under-reported
symptom that was at the forefront in this study.22–24 The main
reported symptoms (respiratory, hepatomegaly and/or spleno-
megaly, and uveitis) differed from those reported in the Danish
cohort, with skin lesions, iridocyclitis and peripheral lymph-
adenopathy. The reported clinical data are more in keeping with
the adult ACCESS study, probably due to the high percentage of
black patients, who are reported to have more severe and
extended forms of the disease.10 25–27 This observation empha-
sises the importance of detection of all possible organ localisa-
tions. This strategy allowed detection of the multi-organic
extension of the disease in 85% of the children, with 3.8 locali-
sations per patient, and no differences between the two age
groups. A cardiovascular involvement (explored in 35 patients)
was documented in 4 patients (conduction and rhythm
disturbances).

Biological information confirms the knowledge that in chil-
dren, they are not sufficient to assess the diagnosis. In this popu-
lation, BAL fluid analysis showed most of the time lymphocyte
overexpression, with an elevated CD4/CD8 rate, but its absence
did not eliminate the diagnosis of sarcoidosis. ACE remained
normal in some children, and cannot be used as a single diagno-
sis marker. In almost all patients, ESR was elevated, supporting
the view of a specific inflammatory status in the paediatric popu-
lation, as it is rarely observed in adults. Finally, hypercalcaemia
was reported in three patients (7%) versus up to 30% of the
patients in the Danish cohort; this difference was not explained.

In adult sarcoidosis, therapeutic abstention can reach up to
20% of the cases for newly diagnosed sarcoidosis.28–30

However, here, it was the case for only one patient. Moreover,
systemic corticosteroids were prescribed as intravenous pulses
and/or with an initial high regimen of oral corticosteroid, up to
twice the recommended adult dose and duration of treatment.
These differences between adult and paediatric management
could be due to the severe forms of sarcoidosis described here,
with multi-organ involvement, in these patients mainly from
Afro-Caribbean and Sub-Saharan origin.12 In children, in the
absence of systematic chest X-rays, mild sarcoidosis may be
under-diagnosed in children.

In this paediatric study, we found no differences in disease
severity at presentation, regardless of patient age at diagnosis.
The short-term outcome (18 months) is marked by a low rate of
healing: only a third of the patients recovered (13/38 patients,
34%). Children diagnosed before the age of 10 years old

Figure 3 Sites of contributing biopsies. *Transbronchial biopsies n=8,
surgical lung biopsy n=7.
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received an aggressive treatment with mostly intravenous steroid
pulses. Interestingly, these younger patients presented with
fewer relapses before 18 months of follow-up than the oldest
patients. The patients who received immunosuppressive drugs as
a second intention treatment (15 patients) might be considered
as non-responders to steroids, with no influence of the type of
oral steroid molecules. It is important to note that the patients
who were started on steroid pulses at diagnosis required fewer
immunosuppressive drugs during the follow-up, suggesting that
an initial high steroid regimen may be more efficient in prevent-
ing long-term relapses or worsening.

The long-term outcome (4–5 years) seems to be less favour-
able than described in the Danish cohort. It could be performed
only for 70% of the patients (29/41). In both age groups, only
half of the patients had recovered at that time, mostly without
any sequelae, as it was also described in adults by Milman
et al.31 Long-term relapses were more frequently reported in
the ≥10 years group, and mainly of extra-thoracic localisation.
It should be pointed out that there is currently no standardised
definition of relapses. Recurrence of the disease may be consid-
ered as an acute exacerbation. The disease may also have never
been controlled but only attenuated by the treatment. More
work is needed to define criteria of exacerbations and relapses
in paediatric sarcoidosis and other forms of interstitial lung
diseases.32 33

The present study provides information on a national experi-
ence in paediatric sarcoidosis. It displays, however, some limita-
tions that are mainly related to the lack of exhaustivity,
especially for the mild cases. Disease prevalence and incidence
being major issues of the RespiRare network, a work organisa-
tion has been developed to facilitate case implementation and,
therefore, to identify most of the patients with specific rare lung
diseases. The dedicated effort for continued and improved sur-
veillance of paediatric sarcoidosis occurrence will provide reli-
able epidemiologic data in the near future. Currently, based on
the number of new cases diagnosed in France, a rough estimated
incidence of 0.4–0.8 per 100 000 children could be suggested.

This study points out the severity of sarcoidosis in children.
This French cohort is found to be mostly of Afro-Caribbean and
Sub-Saharan origin, with a multi-organic involvement and fore-
ground general symptoms, probably because of specific genetic
and environmental modifiers factors. Common prognosis
factors of sarcoidosis are not suitable in paediatric patients and
the only parameter that we found to be associated with relapse
occurrence is the number of involved organs. Contrary to what
is usually believed, no differences were found in disease expres-
sion at presentation between patients diagnosed before or after
10 years old. In addition a young age at diagnosis does not seem
to be associated with a poorer prognosis. The follow-up obser-
vation that the <10 years group experienced fewer relapses
(although similar severity) than the older group may be
explained by the more aggressive treatment at presentation. The
study is ongoing within the network of RespiRare and adult ref-
erence centres, with the aim to collect further information on a
very-long term outcome of the disease, to progress in the
phenotypic description, and to improve the therapeutic
strategies.
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