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Abstract: Sarcoidosis is a non-necrotizing granulomatous inflammatory syndrome with multisystemic
manifestations. We performed a systematic review of sarcoidosis in the pediatric population with
particular emphases on early onset sarcoidosis, high-risk sarcoidosis, and newly reported or unusual
sarcoid-related diseases. Blau Syndrome and early onset sarcoidosis/ BS-EOS are seen in children
younger than five years old presenting with extra-thoracic manifestations but usually without
lymphadenopathy and/or pulmonary involvement. The prevalence of high-risk sarcoidosis is very
low in children and is further limited by the difficulty of diagnosis in symptomatic children and
underdiagnosis in subclinical or asymptomatic patients. Reports of sarcoidal syndromes in users of
E-cigarette/marijuana/other flavorings and their induction in cancer immunotherapies are of interests
and may be challenging to differentiate from metastatic malignancy. The diagnostic considerations in
pediatric sarcoidosis are to support a compatible clinicoradiographic presentation and the pathologic
findings of non-necrotizing granulomas by ruling out granulomas of infective etiology. There is
no absolutely reliable diagnostic test for sarcoidosis at present. The use of endoscopic bronchial
ultrasound (EBUS) and transbronchial fine needle aspiration (TBNA) sampling of intrathoracic
lymph nodes and lung, and for superficially accessible lesions, with cytopathological assessment
and pathological confirmations provide fair diagnostic yield and excellent patient safety profile
in children.

Keywords: Paediatric sarcoidosis; high-risk sarcoidosis; early-onset sarcoidosis; diagnostics;
Blau syndrome

1. Introduction

Sarcoidosis is a multisystemic syndrome with a highly variable clinical course and diverse disease
manifestations [1]. The incidence of sarcoidosis in adults may be biphasic [2]. Historically, it was
thought to commonly affect young adults 30-50 years of age, but recent studies have reported that more
than half of incident diagnoses are made in patients over 55 years of age [2,3]. Erdal and others suggest
that the rates of sarcoidosis are increasing [4]. Approximately 25% of affected individuals with the
disease develop chronic and progressive disease, which contributes to increased disease burden [5,6].
The mortality rate also appears to be rising [7]. There is no single diagnostic test for sarcoidosis.
Instead, the diagnosis relies on specific pathologic and radiographic features in the appropriate clinical
settings. The disease is characterized by pathologic findings of non-necrotizing granulomas in one or
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more involved organ systems after alternative diagnoses, in particular, infective etiologies, have been
entertained [8].

Sarcoidosis is an ever-evolving process. The clinical phenotypes range from single-organ,
self-limited, asymptomatic disease to multi-organ involvement with high-risk manifestations [9]. Hilar
lymphadenopathy and pulmonary interstitial infiltrations are the most common manifestations [10].
The term “high-risk sarcoidosis” was introduced at the National Heart Lung and Blood Institute
Sarcoidosis Workshop 2017 [1] to denote several manifestations of sarcoidosis that are associated
with impaired quality of life and relatively high risk of death [9]. These include treatment-resistant
pulmonary sarcoidosis, cardiac sarcoidosis, neurosarcoidosis, and/or multi-organ involvement. The
high-risk manifestations and multi-organ involvements are often missed until late in the disease
course [9].

The diagnosis of sarcoidosis is relatively uncommon in children [8,11-13], and high-risk sarcoid
may present differently in children than in adults [8,14]. In this review, we search the English literature
and aim to review the clinical investigations and laboratory diagnostics of sarcoidosis in this population.

2. Materials and Methods

We performed a systematic narrative review on sarcoidosis with particular emphases on early
onset sarcoidosis, high-risk sarcoidosis, and newly reported or unusual sarcoid-related diseases
in the pediatric population. We searched PubMed, Scopus, Google Scholars, and Cochrane
Database of Systematic Reviews, using the following terms: sarcoidosis, pediatric, juvenile, children;
high-risk sarcoidosis; pulmonary sarcoidosis; treatment-resistant sarcoidosis; cardiac sarcoid; and
neurosarcoidosis. We also searched references from the appropriate reviews and case reports.

3. Results

The true incidence and prevalence of sarcoidosis in children is unknown as the disease is much
less common in children than in adults [13]. It is difficult to diagnose in symptomatic children and may
remain undiagnosed in subclinical or asymptomatic patients [8,11]. Several larger reviews reported
that the incidence of clinically recognized sarcoidosis in children was 0.22 to 0.29/100,000 children per
year, and gradually increases with age to a small peak in teenagers at 13-15 years of age [2,8,11,13,15].
Two distinct forms of childhood sarcoidosis appear to exist. Older children and young adults present
most frequently with a multisystemic disease in a combination of lymphadenopathy, pulmonary, ocular
and cutaneous involvement (erythema nodosum) [2,8,11,13], followed by joint (sarcoidal arthritis)
and hepatosplenic features [8,11,13]. The disease patterns and clinical outcomes are similar to those
in adults.

3.1. Blau Syndrome and Early Onset Sarcoidosis (BS-EOS)

In younger children, the majority of cases of EOS seen in children younger than five years old
uniquely presents with a clinical triad of uveitis, arthritis, and skin rash [2]. In 1985, Blau et al. reported
a rare autosomal dominant inflammatory disease characterized by a clinical triad of granulomatous
dermatitis, recurrent granulomatous uveitis, and systemic polyarthritis in 11 family members of four
generations [16,17]. A mutation of nucleotide binding oligomerization domain 2 (NOD?2), also termed
caspase recruitment domain—containing protein 15 (CARD15), mapped on chromosome 16q12 was
identified [18] and found to be responsible for these granulomatous inflammations [16,18]. Early
onset sarcoidosis (EOS) is caused by a sporadic mutation of the NOD2 gene, with similar clinical
manifestations to Blau Syndrome [16]. Blau Syndrome/EOS patients rarely present with pulmonary
involvement, and ocular involvement tends to follow prior articular and cutaneous manifestations in
these patients [16,19].

CARD15/NOD2 encodes a multidomain cytosolic protein and is expressed primarily in the
cytosol of antigen-presenting cells [20]. Stimulation by bacterial or viral infection [21] may promote
the activation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) and tumor
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necrosis factor receptor-associated factor 3 (TRAF3) signaling pathways [21]. A possible role of
mycobacterial components has also been suggested as triggers of granulomatous autoinflammation in
CARD15/NOD2 mutations in BS/EOS [22-24]. Crohn’s disease (CD) is a granulomatous inflammatory
bowel disease, involving any part of the gastrointestinal tract [25] but may mainly affect the distal
ileum and colon [22,26,27]. The CARD15/NOD?2 gene has been identified as one of the genes linked
to susceptibility to CD [22,28]. It has been hypothesized that NOD2 susceptibility loci in intestinal
Paneth cells led to defective NF-«B activation, altered intestinal bacterial clearance and granulomatous
inflammation [22,29,30]. Juvenile sarcoidosis presenting as Crohn’s disease of the GIT has been
reported [31].

3.2. High-Risk Sarcoidosis

Approximately 25% of affected individuals with sarcoidosis develop chronic or progressive
disease [6]. Manifestations of sarcoidosis associated with poor prognosis and a relatively high risk
of death include treatment-resistant pulmonary-, cardiac-, neuro-, and multiorgan sarcoidosis [9].
Pulmonary disease is the most common cause of chronic disease and death in adults [9]. As in adults,
older children usually present with hilar lymphadenopathy and up to 50% present with interstitial
lung disease and multiorgan involvement, while progression to chronic diseases occurs in 12% of these
children [2,8,13]. Korsten et al. defined pulmonary sarcoidosis refractory to treatment as progressive
disease and significant impairment of life despite glucocorticoid therapy for at least three months and
the need for additional anti-sarcoid drugs [32]. These patients develop progressive pulmonary fibrosis
and associated complications, including pulmonary hypertension and infections and are seen in more
than 10% of patients at specialized centers [32,33]. In infants and children younger than five years, the
typical pulmonary diseases are usually not seen [8]. In a retrospective study of 41 pediatric patients,
which were followed for 18 months on disease presentation, management, and clinical outcome, those
patients with pulmonary sarcoidosis diagnosed before 10 years old were more likely to recover and
presented with fewer relapses compared with the patients diagnosed after 10 years old [34].

Recent progress in cell-mediated immunity and granuloma formation has advanced our
understanding of the development of sarcoidosis [8,35]. Macrophages bearing increased expression
of major histocompatibility (MHC) class II molecules, different subsets of T-lymphocytes and other
immune effector cells such as mast cells and natural killer cells may be at play [8,35]. In sarcoidosis
involving the lung, before the formation of granulomas, early lesions consist of alveolitis with a high
proportion of activated CD4+ T-cells [36]. T-cells play a role in amplification of the local cellular
immune response and are responsible for secretion of cytokines, including tumor necrosis factor
(TNF), which favors granulomatous response at the sites of disease activity. The diagnostic approach
to pulmonary sarcoidosis has been revolutionized in the past decade by the use of endobronchial
ultrasound (EBUS) real-time guided transbronchial sampling of intrathoracic lymph nodes and lung
biopsies [6]. Cytopathological assessments by fine needle aspiration provide fair diagnostic yield
and excellent patient safety profile in children [37,38]. Combining EBUS and transbronchial needle
aspiration (TBNA) lung biopsy and cytopathologic study may increase the diagnostic sensitivity to
close to 100% [39,40]. On bronchoalveolar lavage (BAL) fluid with lymphocytosis (15%) and increased
ratio of CD4 to CD8 (>3.5:1), the specificity for the diagnosis of sarcoidosis approaches 95% [36,41].

Cardiac sarcoidosis (CS) is a rare but potentially fatal condition [42]. Clinically recognizable cardiac
involvement occurs in 5% of adult patients with sarcoidosis [43], and granulomatous inflammation
of the heart was recognized in up to 25% in an autopsy series [13,44]. Rare cases of pediatric cardiac
sarcoidosis had been reported [8]. Patients with CS may present with a wide variety of signs and
symptoms, ranging from asymptomatic ECG abnormalities to sudden death [42]. Congestive heart
failure and conduction abnormalities are the two most common clinical manifestations in CS [42], with
one case presenting with pericardial effusion [2,8]. Many patients with pulmonary/systemic sarcoidosis
have asymptomatic cardiac involvement [43]. A high index of suspicion and early diagnosis are
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crucial when immunosuppression therapy may result in reduced mortality rate [8]. Various imaging
modalities including echocardiography and/or CMR imaging may be utilized [43].

Neurosarcoidosis occurs in fewer than 5% of adult with systemic sarcoid with isolated
neurosarcoidosis being more rare [45], and to our knowledge, 53 cases of pediatric neurosarcoidosis
have been reported in the English literature [14,46]. In these children, the most common manifestations
include headache, seizures, cranial neuropathy, optic neuritis, and hypothalamic and/or pituitary
dysfunction [14,46]. Compared to the adult counterparts, prepubertal children with neurosarcoidosis
are more likely to present with seizures and a space-occupying lesion but less likely with cranial
nerve palsies. These children do however tend to evolve to an adult pattern of presentation during
puberty [14]. Single cases of aqueductal stenosis [13] and obstructive hydrocephalus [47] have also
been reported. The most reliable method for diagnosing neurosarcoidosis is via biopsy of lesion in
the central nervous system revealing non-caseating granuloma [46]. Microscopically, granulomatous
inflammation is typically found in the meninges, ventricles (including choroid plexus) and adjacent
brain or spinal cord parenchyma. Inflammatory infiltrate may involve optic nerve and chiasm, cranial
nerves such as facial, auditory, and vestibulocochlear nerve. In cases where biopsy is not possible,
neuroimaging becomes an important diagnostic modality. The most common neuroimaging finding
is said to be leptomeningeal enhancement on T1-weighted MRI with contrast administration [48].
Enhancement may also be seen in the basilar region, leading to abnormalities in the hypothalamus, optic
chiasm, and pituitary region [46]. As neurosarcoidosis is a diagnosis of exclusion, differential diagnoses
that need to be considered and ruled out include tuberculosis, fungus, Wegener’s granulomatosis and
hypertrophic meningitis, as these may also present with leptomeningeal enhancement and granulomas.
To the best of our knowledge, cases of pediatric spinal neurosarcoidosis have not been reported in the
English literature.

3.3. Acute Sarcoidosis

In contrast to the chronic progressive disease with organ dysfunction in high-risk sarcoidosis,
two acute sarcoidosis syndromes are of relatively benign clinical outcome. Lofgren syndrome is
characterized by fever, bilateral hilar lymphadenopathy, erythema nodosum, and arthralgia, typically
in young women, primarily Caucasian. Prognosis is excellent with complete resolution of the disease
in 90% of the patients within two years [8,49,50]. Heerfordt syndrome or uveoparotid fever, presenting
with a combination of fever, parotidomegaly, anterior uveitis, and cranial nerve palsy is usually seen in
adults but has been reported in children [8,49]. The disease is normally self-limiting with cure achieved
between 1-3 years [8,51]. The acute sarcoidosis syndromes may be confidently diagnosed on clinical
grounds without surgical biopsy confirmation in adults [8,49,52]. However, the clinical manifestations
in children may be variable necessitating biopsy histopathology confirmation [8,15,49,53].

Pathology images of the spectrum of pediatric sarcoidosis involving different organs (Figures 1-7).

Figure 1. Mediastinal nodal sarcoidosis. H&E Magnification 20x.
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Figure 2. Pulmonary sarcoidosis. (a) Pulmonary sarcoidosis. (b) Pulmonary nodular sarcoidosis.
(c) Pulmonary fibrotic sarcoidosis. H&E. Magnifications 20X, 50x.

Figure 3. Cardiac sarcoidosis. H&E Magnification 50x.

Figure 4. Neurosarcoidosis. H&E. Magnification 100x.

Figure 5. Lung sarcoidosis young E-cig vaper. H&E. Magnification 200x.

Figure 6. Acute sarcoidosis salivary gland. Cytopathology Pap stain 200x.
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Figure 7. Immune cell phenotypes: T-cells: CD3, CD4, CD8; macrophage CD68. (a) Early onset
sarcoidosis (EOS) skin sarcoidosis; (b—c) EOS skin sarcoidosis.

Recent case reports of sarcoidosis developing after antigen exposure to inhalation or in
immune-therapy are of interests. The popularity of electronic cigarettes (E-cig) has recently been
increasing among adolescents and young adults [54-56]. E-cig usage or “vaping” contains E-liquid
carrier components, flavorings, and marijuana product with cannabidiol (CBD) formulations [57-60].
In anecdotal stories, the use of medical marijuana, in particular vaping with CBD oil may be linked
to improvement of refractory pulmonary sarcoidosis [61]. In E-cig and marijuana users, sarcoidal
granulomas are found in multiple organs in case reports, raising the clinical suspicion of metastatic
malignancy [62,63]. The development of sarcoidal granulomas may be related to vaped marijuana
product tetrahydrocannabinol (THC), E-cig flavorings, or contaminants. An association of vaped
THC has been reportedly seen in close to 500 cases of severe pulmonary disease with six confirmed
deaths [56]. As tumor necrosis factor-alpha (TNF-o) plays an important role in both formation and
maintenance of sarcoidal granulomas, anti-TNF-a may provide a therapeutic option to patients with
sarcoidosis [64]. However, many anti-TNF-associated cases of sarcoidosis have also been reported [65],
negating its therapeutic usage. Pulmonary sarcoidal granulomas are found in patients undergoing
interferon-alpha therapy [66]. The use of immune checkpoint inhibitors by enhancing anti-tumor
immunity has revolutionized cancer therapy recently, and their use for cancer immunotherapy in
pediatric patients may have potential benefits [67,68]. However, pulmonary sarcoidosis and the
exacerbation of sarcoidosis leading to central nervous system involvement after immune checkpoint
inhibitor therapy have been reported [25,69].

3.4. Diagnostic Challenges and Considerations in Pediatric Sarcoidosis

There is no absolutely reliable diagnostic test for sarcoidosis [52]. A number of clinical tests and
biomarkers assay have evolved over time in the diagnosis and include: tubulin skin test of anergy
(Kvim test), serum angiotensin-converting enzyme (SACE), serum amyloid A (SAA), and cytokine
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levels [33,52,70]. The lack of sensitivity and specificity of these tests or biomarkers poorly suited
as screening tests, disease activity or prognostic markers for sarcoidosis [33,52,70]. As in adults,
the diagnosis is difficult to confirm in symptomatic children, and there is a significant number of
asymptomatic patients who remain undiagnosed [13].

In the spectrum of pediatric sarcoidosis, depending on the initial clinical presentation and
subsequent investigations including various diagnostic imaging modalities, sarcoidosis is a diagnosis
of exclusion, with ruling out granulomatous infections, in particular by Mycobacterial and fungal
organisms [8,52]. A high index of suspicion is critical in the diagnosis, especially in early onset of
the disease or Blau syndrome in a child younger than five years of age who presents with a clinical
triad of uveitis, arthritis, and skin rash, and without the adult manifestations of lymphadenopathy
and/or pulmonary involvement. The early presentation of arthritis in early onset sarcoidosis may
be misdiagnosed as juvenile rheumatoid arthritis (JRA) [71]. Pediatric sarcoidosis involving the
gastrointestinal tract may raise a differential diagnosis mostly with Crohn’s disease [31]. Both
sarcoidosis and CD are chronic granulomatous inflammatory disorders. The presence of granulomas
in the gastrointestinal tract might be misleading and the diagnosis of sarcoidosis should be established
when extraintestinal features become evident [31]. For BS/EOS and acute sarcoidosis syndromes,
pathological and/or cytopathological confirmation and exclusion of other etiologies by biopsies
of accessible lesions such as skin (including erythema nodosum, which is a non-granulomatous
panniculitis) [49], salivary glands, and peripheral lymph nodes are highly desirable.

Cases of high-risk sarcoidosis in children with the involvement of treatment-resistant pulmonary
disease, cardiac sarcoidosis, neurosarcoidosis, and multi-organ disease and the recent reports of
E-cigarettes and immunotherapy-related sarcoidosis are uncommon. The lung is the most frequent site
for biopsy confirmation, followed by skin, peripheral lymph nodes, and liver [49,72]. The diagnostic
considerations are to support a compatible clinicoradiographic presentation and the demonstration
of non-caseating granulomas. The use of EBUS-TBNA sampling of intrathoracic lymph nodes and
lung [6], with cytopathological assessments and pathological confirmations provide fair diagnostic
yield and excellent patient safety profile in children [6,52] (Figure 8).

Age: > 5yrs, teens, young adults Age: <5yrs Age: > 5 yrs, acute present
Clinical presentation, imaging, other Clin Presentation: Uveitis, Clinical, imaging:
parameters arthritis, skin rash 1. Fever, BHL, arthralgia,
skin rash
BHL | |ILD, Neurologic, cardiac, other 2. Uveoparotid fever,
ILD/BHL | |organs, Immunotherapies, l cranial nerve palsy
GIT: Ddx Crohn’s disease

Uveitis — Ophthalmologist
o Arthritis — Rheumatologist
May not EBUS- TBNA, Investigations: R/O (Ddx: JRA)

i CD4/CDS ratio infection, vasculitis, May not need
need biopsy ) ;
for path Crohn’s disease, others biopsy for path
P : o confirmation
confirmation Investigations:
rule out infection,
JRA, others

Acute sarcoidosis syndromes
1. Lofgren syndrome
2. Heerfordt syndrome

1.Appropriate clinicoradiographic

2. Pathology NC GRANULOMAS Genetic Studies:
3. R/O infection \ NOD2 positive

lsporadic \%milial

Early onset Blau syndrome

Diagnosis: Sarcoidosis sarcoidosis

Figure 8. Paediatric Sarcoidosis: Diagnostic Considerations. Legends: BHL Bilateral hilar
lymphadenopathy, ILD Interstitial lung disease, GIT gastrointestinal tract, EBUS-TBNA endoscopic
bronchial ultrasound-transbronchial needle aspiration, NG non-necrotizing granulomas, JRA Juvenile
rheumatoid arthritis, NOD2 Nucleotide binding oligomerization domain 2.
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4. Discussions

Since the initial clinical description by Jonathan Hutchinson [73] in 1877, followed by the
histologic findings of Caesar Boeck [74] in 1899, recent progress in immunology and molecular
biology has advanced our understanding of the pathogenetic mechanisms for the development of
sarcoidosis [8,35,75]. The proposed model of sarcoidal granuloma development in children involves the
interplay of environmental triggers by a variety of antigens and immunologic/genetic/epigenetic factors,
and requires three or more events to take place [8] (Figure 9)—environmental exposures to antigen
(e.g., infectious agents, E-cigarettes flavorings, marijuana), acquired cellular immunity directed against
the antigen, and the appearance of immune effector cells that promote a non-specific inflammatory
response [8]. The subsequent Th1l (CD4+ T cell) polarized immune response with increased cytokine
activities (TNF, IFNv, interleukin) [75], and high-level IFNy-secreting Th17 effector cells [35] are at
play in the recruitment and proliferation of immune cells. Genetic factors (e.g., CARD15/ NOD2
mutation) may play a role by interacting with mycobacterial/bacterial/viral components, promoting the
activation of NF-«B and tumor necrosis factor receptor-associated factor 3 (TRAF3) signaling pathways
and triggering granulomatous autoinflammation in BS/EOS patients [22-24]. Immune checkpoint
inhibitor (PD-1/PD-L1) for the immunotherapy of a variety of cancers may activate T-cells and promote
granuloma formation [25,69]. Progression of granulomatous inflammation and putative antigen
persistence promotes fibrosis and the development of high-risk organ-system manifestations [35,75].

Antigen Presenting Cell Immune cell Granuloma formation
(APC) -Recruitment
-Ag Processing -Proliferation Chronic Disease

-Ag Presentation

Impaired Response -
PD-1 /

@}- PD-1/PD-L1 inhibitor
- g

- High Risk Diseases
-Cardiac sarcoidosis
-Neurosarcoidosis
-Treatment-refractory
pulmonary sarcoidosis

) Fibrosis

Antigen Clearance

Impaired Treg

Response Recovery

W Antigen (Ag) N T-cell subset: Y Antibody TNF Tumor necrosis factor
-Th1 CD4+ T cell NFkB Nuclear factor kappa  IFNy Interferon-gamma
Bacteria (Ba) Th17 light chain enhancer of IL Interleuken
) T lat Tecell activated B cells
E NOD2 T-cell with -Ireg regulatory | ce
T-cell receptor
‘ MHC I

Figure 9. Proposed Pathogenetic Mechanisms in Pediatric Sarcoidosis.

Lofgren syndrome patients develop acute sarcoidosis, and show reduced frequency of
lung-resident regulatory T cells (T-reg). The T-reg, however, super-synthesizes interleukin IL10,
as supported by the detection of increased BAL fluid IL10 concentration [76], thus, creating an
immunosuppressive micro-environment [35]. B lymphocytes may also be involved in sarcoidal
granuloma formation, as Lofgren syndrome patients exhibit higher levels of Proprionibacterium
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acnes-specific IgA antibodies [77]. In chronic diseases, sarcoid T-reg fails to efficiently suppress
proliferation and cytokine production by T helper cells [78], and with accumulation of Th1/Th17 cells,
further support stabilization of granulomas and chronic disease progression [35]. In contrast, highly
plastic and qualified effector T-cells aiming at clearance of the antigens from the granulomas leads to
recovery [35,76].

We summarize the clinicopathologic spectrum of pediatric sarcoidosis and the diagnostic
considerations in Table 1. Erdal and others suggest that the rates of adult sarcoidosis are increasing [4].
With the risks of increasing environmental exposure to increasing number of antigens, we would
expect the prevalence of pediatric sarcoidosis also correspondingly increases. At present, there are
no absolute diagnostic tests or biomarkers for screening, disease activity or prognostic markers for
sarcoidosis. Fortunately, the diagnosis of sarcoidosis in children is improving with ever improving
diagnostic techniques and imaging modalities. The development of minimally invasive procedures
including EBUS-TBNA, for cytopathology or pathological confirmation of non-necrotizing granulomas
and the resultant improving prognosis outcome appear promising. Recent advances in the use of
genome-based approaches in identifying novel biomarkers to support the diagnosis and predict disease
activity yield some promising results [70]. However, further researches are needed in sarcoidosis
involving the young population.

Table 1. Pediatric sarcoidosis—clinicopathologic spectrum.

Entity Clinical Laboratory Pathology References
-Prevalence -0.22-0.29/10° BAL: CD4/CD8 Granulomas [2,8,11,13,15]
-Systems involved -Lymph nodes/Lung Biopsies Figure 1
-Prognosis -Chronic disease 12%

-Early-onset sarcoidosis/  Triad: uveitis, arthritis, skin rash Eye exam Granulomas [22,23,79]
Blau syndrome Biopsy Figure 7

High-risk sarcoid -Most common, progression to Chest XR, CT, Figure 2 [2,9,13];
-Treatment-resistant chronicity EBUS/TBNA [2,6,8,14,34,46]
Pulmonary sarcoid

-Cardiac sarcoid/CS -CS Case reports Cardiac echo Figure 3

-Neurosarcoid/ NS -NS 53 cases CT /MRI Figure 4

Sarcoid-like syndrome Imaging [66]

-INF therapy -Not reported in children modalities [25,69];
-Checkpoint inhibitor -Not reported in children Biopsy [62,63]
-E-cig/Marijuana -Teens and young adults Figure 5

Acute sarcoidosis Triad: erythema nodosum BHL Chest XR, CT, Both can be [50];
-Lofgren syndrome (CXR), arthritis, biopsy Diagnosed on [8,49]

clinical data
without biopsy
Figure 6

-Heerfordt syndrome
/uveoparotid fever

Resolution in two years
Uveitis, parotidomegaly, facial
nerve palsy, fever,

Prognosis excellent

BAL bronchoalveolar lavage, EBUS endoscopic transbronchial ultrasound biopsy, TBNA transbronchial needle
aspiration, IFN« interferon-alpha therapy, CPI checkpoint inhibitor therapy, Electronic-cigarette E-cig, BHL (CXR)
bilateral hilar lymphadenopathy on chest X-ray.

Author Contributions: The authors’ contributions are as follows: conceptualization, B.C. and C.S.; methodology,
B.C.; software, B.C., and J.C.; validation, B.C., C.S.,J.C., S.D. and Z.A.; formal analysis, B.C.; investigation, B.C.,
C.S; resources, B.C.; data curation, B.C. and J.C.; writing—original draft preparation, B.C.; writing—review and
editing, B.C., J.C., S.D. and C.S,; visualization, B.C.; supervision, B.C. and C.S.; project administration, B.C.

Funding: This research received no external funding

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2019, 9, 160 10 of 13

References

1.

10.

11.

12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

Maier, L.A.; Crouser, E.D.; Martin, W.J., II; Eu, J. Executive Summary of the NHLBI Workshop Report:
Leveraging Current Scientific Advancements to Understand Sarcoidosis Variability and Improve Outcomes.
Ann. Am. Thorac. Soc. 2017, 14, 5415-5420. [CrossRef] [PubMed]

Gedalia, A.; Khan, T.A,; Shetty, A K.; Dimitriades, V.R.; Espinoza, L.R. Childhood sarcoidosis: Louisiana
experience. Clin. Rheumatol. 2016, 35, 1879-1884. [CrossRef] [PubMed]

Levin, A.M,; Iannuzzi, M.C.; Montgomery, C.G.; Trudeau, S.; Datta, I.; McKeigue, P.; Fischer, A.; Nebel, A.;
Rybicki, B.A. Association of ANXA11 genetic variation with sarcoidosis in African Americans and European
Americans. Genes Immun. 2013, 14, 13-18. [CrossRef] [PubMed]

Erdal, B.S.; Clymer, B.D,; Yildiz, V.O.; Julian, M.W.; Crouser, E.D. Unexpectedly high prevalence of sarcoidosis
in a representative U.S. Metropolitan population. Respir. Med. 2012, 106, 893-899. [CrossRef]

Gerke, A K,; Judson, M.A.; Cozier, Y.C.; Culver, D.A ; Koth, L.L. Disease Burden and Variability in Sarcoidosis.
Ann. Am. Thorac. Soc. 2017, 14, 5421-5428. [CrossRef]

Spagnolo, P.; Rossi, G.; Trisolini, R.; Sverzellati, N.; Baughman, R.P.; Wells, A.U. Pulmonary sarcoidosis.
Lancet Respir. Med. 2018, 6, 389—-402. [CrossRef]

Swigris, J.J.; Oison, A.; Huie, T.J.; Fernandez-Perez, E.R.; Solomon, ]J.; Sprunger, D.; Brown, KK.
Sarcoidosis-related mortality in the United States from 1988 to 2007. Am. ]. Respir. Crit. Care Med.
2011, 183, 1524-1530. [CrossRef]

Shetty, A.K.; Gedalia, A. Sarcoidosis in children. Curr. Probl. Pediatr. 2000, 30, 149-176. [CrossRef]

Sauer, W.H.; Stern, B.].; Baughman, R.P; Culver, D.A.; Royal, W. High-Risk Sarcoidosis. Current Concepts
and Research Imperatives. Ann. Am. Thorac. Soc. 2017, 14, S437-5444. [CrossRef]

Neville, E.; Walker, A.N.; James, D.G. Prognostic factors predicting the outcome of sarcoidosis: An analysis
of 818 patients. Q/M Int. . Med. 1983, 52, 525-533.

Hoffmann, A.L.; Milman, N.; Byg, K.E. Childhood sarcoidosis in Denmark 1979-1994: Incidence, clinical
features and laboratory results at presentation in 48 children. Acta Paediatr. 2004, 93, 30-36. [CrossRef]
[PubMed]

Hunninghake, G.W.; Costabel, U.; Ando, M.; Baughman, R.; Cordier, J.F.; du Bois, R.; Eklund, A.; Kitaichi, M.;
Lynch, J.; Rizzato, G.; et al. ATS/ERS/WASOG statement on sarcoidosis. American Thoracic Society/European
Respiratory Society/World Association of Sarcoidosis and other Granulomatous Disorders. Sarcoidosis Vasc.
Diffus. Lung Dis. 1999, 16, 149-173.

Pattishall, E.N.; Kending, E.]J. Sarcoidosis in children. Pediatr. Pulmonol. 1996, 22, 195-203. [CrossRef]
Baumann, R.J.; Robertson, W.C. Neurosarcoid presents differently in children than in adults. Pediatrics 2003,
112, €480—-e486. [CrossRef] [PubMed]

Milman, N.; Hoffmann, A.; Byg, K.E. Sarcoidosis in children. Epidemiology in Danes, clinical features,
diagnosis, treatment and prognosis. Acta Paediatr. 1998, 87, 871-878. [CrossRef] [PubMed]

Achille, M,; Ilaria, P,; Teresa, G.; Roberto, C.; Ilir, A.; Piergiorgio, N.; Rolando, C.; Gabriele, S. Successful
treatment with adalimumab for severe multifocal choroiditis and panuveitis in presumed (early-onset) ocular
sarcoidosis. Int. Ophthalmol. 2016, 36, 129-135. [CrossRef] [PubMed]

Blau, E.B. Familial granulomatous arthritis, iritis, and rash. J. Pediatr. 1985, 107, 689—-693. [CrossRef]
Miceli-Richard, C.; Lesage, S.; Rybojad, M.; Prieur, A.M.; Manouvrier-Hanu, S.; Hafner, R.; Chamaillard, M.;
Zouali, H.; Thomas, G.; Hugot, ].P. CARD15 mutations in Blau syndrome. Nat. Genet. 2001, 29, 19-20.
[CrossRef]

Rosé, C.D.; Aréstegui, J.; Martin, T.M.; Espada, G.; Scalzi, L.; Yagiie, J.; Rosenbaum, ].T.; Modesto, C.; Cristina
Arnal, M.; Merino, R.; 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, 1797-1803.
[CrossRef]

Philpott, D.J.; Sorbara, M.; Robertson, S.J.; Croitoru, K.; Girardin, S.E. NOD proteins: Regulators of
inflammation in health and disease. Nat. Rev. Immunol. 2014, 14, 9-23. [CrossRef]

Moreira, L.O.; Zamboni, D. NOD1 and NOD2 Signaling in Infection and Inflammation. Front. Immunol.
2012, 3, 328. [CrossRef] [PubMed]


http://dx.doi.org/10.1513/AnnalsATS.201707-563OT
http://www.ncbi.nlm.nih.gov/pubmed/29048937
http://dx.doi.org/10.1007/s10067-015-2870-9
http://www.ncbi.nlm.nih.gov/pubmed/25616361
http://dx.doi.org/10.1038/gene.2012.48
http://www.ncbi.nlm.nih.gov/pubmed/23151485
http://dx.doi.org/10.1016/j.rmed.2012.02.007
http://dx.doi.org/10.1513/AnnalsATS.201707-564OT
http://dx.doi.org/10.1016/S2213-2600(18)30064-X
http://dx.doi.org/10.1164/rccm.201010-1679OC
http://dx.doi.org/10.1067/mps.2000.105929
http://dx.doi.org/10.1513/AnnalsATS.201707-566OT
http://dx.doi.org/10.1111/j.1651-2227.2004.tb00670.x
http://www.ncbi.nlm.nih.gov/pubmed/14989436
http://dx.doi.org/10.1002/(SICI)1099-0496(199609)22:3&lt;195::AID-PPUL9&gt;3.0.CO;2-O
http://dx.doi.org/10.1542/peds.112.6.e480
http://www.ncbi.nlm.nih.gov/pubmed/14654650
http://dx.doi.org/10.1111/j.1651-2227.1998.tb01554.x
http://www.ncbi.nlm.nih.gov/pubmed/9736236
http://dx.doi.org/10.1007/s10792-015-0135-x
http://www.ncbi.nlm.nih.gov/pubmed/26449230
http://dx.doi.org/10.1016/S0022-3476(85)80394-2
http://dx.doi.org/10.1038/ng720
http://dx.doi.org/10.1002/art.24533
http://dx.doi.org/10.1038/nri3565
http://dx.doi.org/10.3389/fimmu.2012.00328
http://www.ncbi.nlm.nih.gov/pubmed/23162548

Diagnostics 2019, 9, 160 11 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Caso, F.; Galozzi, P; Costa, L.; Sfriso, P.; Cantarini, L.; Punzi, L. Autoinflammatory granulomatous diseases:
From Blau syndrome and early-onset sarcoidosis to NOD2-mediated disease and Crohn’s disease. RMD Open
2015, 1, e000097. [CrossRef] [PubMed]

Caso, F; Wouters, C.; Rose, C.D.; Costa, L.; Tognon, S.; Sfriso, P.; Cantarini, L.; Rigante, D.; Punzi, L.
Blau syndrome and latent tubercular infection: An unresolved partnership. Int. J. Rheum. Dis. 2014, 17,
586-587. [CrossRef] [PubMed]

Dow, C.T.; Ellingson, J. Detection of Mycobacterium avium ss. Paratuberculosis in Blau Syndrome Tissues.
Autoimmune Dis. 2010, 2011, 127692. [CrossRef] [PubMed]

Noguchi, S.; Kawachi, H.; Yoshida, H.; Fukao, A.; Terashita, S.; Ikeue, T.; Horikawa, S.; Sugita, T. Sarcoid-Like
Granulomatosis Induced by Nivolumab Treatment in a Lung Cancer Patient. Case Rep. Oncol. 2018, 11,
562-566. [CrossRef] [PubMed]

Abraham, C.; Cho, ].H. Inflammatory bowel disease. N. Engl. |. Med. 2009, 36, 2066-2078. [CrossRef]
Baumgart, D.C.; Sandborn, W. Crohn’s disease. Lancet 2012, 380, 1590-1605. [CrossRef]

Ogura, Y.; Bonen, D.; Inohara, N.; Nicolae, D.L.; Chen, EF,; Ramos, R.; Britton, H.; Moran, T.; Karaliuskas, R.;
Duerr, RH.; et al. A frameshift mutation in NOD2 associated with susceptibility to Crohn’s disease. Nature
2001, 411, 603-606. [CrossRef]

Abraham, C.; Cho, J. Functional consequences of NOD2 (CARD15) mutations. Inflamm. Bowel Dis. 2006, 12,
641-650. [CrossRef]

Khor, B.; Gardet, A.; Xavier, R.J. Genetics and pathogenesis of inflammatory bowel disease. Nature 2011, 474,
307-317. [CrossRef]

Brunner, J.; Sergi, C.; Miiller, T.; Gassner, I; Priifer, F; Zimmerhackl, L.B. Juvenile sarcoidosis presenting as
Crohn’s disease. Eur. . Pediatr. 2006, 165, 398-401. [CrossRef] [PubMed]

Korsten, P.; Strohmayer, K.; Baughman, R.P.; Sweiss, N.J. Refractory pulmonary sarcoidosis—Proposal of a
definition and recommendations for the diagnostic and therapeutic approach. Clin. Pulm. Med. 2016, 23,
67-75. [CrossRef] [PubMed]

Baughman, R.P; Culver, D.; Judson, M.A. A concise review of pulmonary sarcoidosis. Am. J. Respir. Crit.
Care Med. 2011, 183, 573-581. [CrossRef]

Nathan, N.; Marcelo, P.; Houdouin, V.; Epaud, R.; de Blic, ].; Valeyre, D.; Houzel, A.; Busson, PF,; Corvol, H,;
Deschildre, A.; et al. Lung sarcoidosis in children: Update on disease expression and management. Thorax
2015, 70, 537-542. [CrossRef] [PubMed]

Sakthivel, P; Bruder, D. Mechanism of granuloma formation in sarcoidosis. Curr. Opin. Hematol. 2017, 24,
59-65. [CrossRef] [PubMed]

Poulter, L.W.; Rossi, G.; Bjermer, L.; Costabel, U.; Israel-Biet, D.; Klech, H.; Pohl, W.; Velluti, G. The value of
bronchoalveolar lavage in the diagnosis and prognosis of sarcoidosis. Eur. Respir. ]. 1990, 3, 943-944.
Gulla, KM.; Gunathilaka, G.; Jat, K.R.; Sankar, J.; Karan, M.; Lodha, R.; Kabra, S.K. Utility and safety of
endobronchial ultrasound-guided transbronchial needle aspiration and endoscopic ultrasound with an
echobronchoscope-guided fine needle aspiration in children with mediastinal pathology. Pediatr. Pulmonol.
2019, 54, 881-885. [CrossRef] [PubMed]

Sergi, C.; Dhiman, A.; Gray, J.A. Fine Needle Aspiration Cytology for Neck Masses in Childhood.
An Illustrative Approach. Diagnostics 2018, 8, 28. [CrossRef]

Aragaki-Nakahodo, A.A.; Baughman, R.; Shipley, R.T.; Benzaquen, S. The complimentary role of
transbronchial lung cryobiopsy and endobronchial ultrasound fine needle aspiration in the diagnosis
of sarcoidosis. Respir. Med. 2017, 131, 65-69. [CrossRef]

Trisolini, R.; Baughman, R.; Spagnolo, P.; Culver, D.A. Endobronchial ultrasound-guided transbronchial
needle aspiration in sarcoidosis: Beyond the diagnostic yield. Respirology 2019, 24, 531-542. [CrossRef]
Drent, M.; Mansour, K.; Linssen, C. Bronchoalveolar lavage in sarcoidosis. Semin. Respir. Crit. Care Med.
2007, 28, 486—495. [CrossRef] [PubMed]

Kim, J.S.; Judson, M.; Donnino, R.; Gold, M.; Cooper, L.T,, Jr.; Prystowsky, E.N.; Prystowsky, S. Cardiac
sarcoidosis. Am. Heart J. 2009, 157, 9-21. [CrossRef] [PubMed]

Birnie, D.H.; Nery, P; Ha, A.C.; Beanlands, R.S. Cardiac Sarcoidosis. J. Am. Coll. Cardiol. 2016, 68, 411-421.
[CrossRef] [PubMed]

Perry, A.; Vuitch, F. Causes of death in patients with sarcoidosis. A morphologic study of 38 autopsies with
clinicopathologic correlations. Arch. Pathol. Lab. Med. 1995, 119, 167-172. [PubMed]


http://dx.doi.org/10.1136/rmdopen-2015-000097
http://www.ncbi.nlm.nih.gov/pubmed/26509073
http://dx.doi.org/10.1111/1756-185X.12330
http://www.ncbi.nlm.nih.gov/pubmed/24646037
http://dx.doi.org/10.4061/2010/127692
http://www.ncbi.nlm.nih.gov/pubmed/21152214
http://dx.doi.org/10.1159/000492383
http://www.ncbi.nlm.nih.gov/pubmed/30186140
http://dx.doi.org/10.1056/NEJMra0804647
http://dx.doi.org/10.1016/S0140-6736(12)60026-9
http://dx.doi.org/10.1038/35079114
http://dx.doi.org/10.1097/01.MIB.0000225332.83861.5f
http://dx.doi.org/10.1038/nature10209
http://dx.doi.org/10.1007/s00431-005-0059-y
http://www.ncbi.nlm.nih.gov/pubmed/16547728
http://dx.doi.org/10.1097/CPM.0000000000000136
http://www.ncbi.nlm.nih.gov/pubmed/26973429
http://dx.doi.org/10.1164/rccm.201006-0865CI
http://dx.doi.org/10.1136/thoraxjnl-2015-206825
http://www.ncbi.nlm.nih.gov/pubmed/25855608
http://dx.doi.org/10.1097/MOH.0000000000000301
http://www.ncbi.nlm.nih.gov/pubmed/27755127
http://dx.doi.org/10.1002/ppul.24313
http://www.ncbi.nlm.nih.gov/pubmed/30891940
http://dx.doi.org/10.3390/diagnostics8020028
http://dx.doi.org/10.1016/j.rmed.2017.08.003
http://dx.doi.org/10.1111/resp.13537
http://dx.doi.org/10.1055/s-2007-991521
http://www.ncbi.nlm.nih.gov/pubmed/17975776
http://dx.doi.org/10.1016/j.ahj.2008.09.009
http://www.ncbi.nlm.nih.gov/pubmed/19081391
http://dx.doi.org/10.1016/j.jacc.2016.03.605
http://www.ncbi.nlm.nih.gov/pubmed/27443438
http://www.ncbi.nlm.nih.gov/pubmed/7848065

Diagnostics 2019, 9, 160 12 of 13

45.

46.

47.
48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Nowak, D.A.; Widenka, D. Neurosarcoidosis: A review of its intracranial manifestation. J. Neurol. 2001, 248,
363-372. [CrossRef] [PubMed]

Rao, R.; Dimitriades, V.; Weimer, M.; Sandlin, C. Neurosarcoidosis in Pediatric Patients: A Case Report and
Review of Isolated and Systemic Neurosarcoidosis. Pediatr. Neurol. 2016, 63, 45-52. [CrossRef]

Kendig, E.L. The clinical picture of sarcoidosis in children. Pediatrics 1974, 54, 289-292.

Lury, KM.,; Smith, J; Matheus, M.G.; Castillo, M. Neurosarcoidosis-review of imaging findings.
Semin. Roentgenol. 2004, 39, 495-504. [CrossRef]

Culver, D.A. Sarcoidosis. Immunol. Allergy Clin. N. Am. 2012, 32, 487-511. [CrossRef]

Lofgren, S.; Lundbick, H. The bilateral hilar ymphoma syndrome; a study of the relation to tuberculosis
and sarcoidosis in 212 cases. Acta Med. Scand. 1952, 142, 265-273. [CrossRef]

Fraga, R.C.; Kakizaki, P.; Valente, N.Y.S.; Portocarrero, L.K.L.; Teixeira, M.ES.; Senise, P.F. Do you know this
syndrome? Heerfordt-Waldenstrém syndrome. An. Bras. Dermatol. 2017, 92, 571-572. [CrossRef] [PubMed]
Govender, P.; Berman, J. The Diagnosis of Sarcoidosis. Clin. Chest Med. 2015, 36, 585-602. [CrossRef]
[PubMed]

Shetty, A.K.; Gedalia, A. Childhood sarcoidosis: A rare but fascinating disorder. Pediatr. Rheumatol. 2008, 23,
16. [CrossRef] [PubMed]

Agaku, L.T.; Ayo-Yusuf, O.A.; Vardavas, C.I; Connolly, G. Predictors and patterns of cigarette and smokeless
tobacco use among adolescents in 32 countries, 2007-2011. . Adolesc. Health 2014, 54, 47-53. [CrossRef]
[PubMed]

Dutra, L.M.; Glantz, S. Electronic cigarettes and conventional cigarette use among U.S. adolescents:
A cross-sectional study. JAMA Pediatr. 2014, 168, 610-617. [CrossRef] [PubMed]

Grégoire, M.C. Vaping risks for youth continue to emerge. Can. Med. Assoc. ]. 2019, 191, E1113-E1114.
[CrossRef] [PubMed]

Harrell, M.B.; Weaver, S.; Loukas, A.; Creamer, M.; Marti, C.N.; Jackson, C.D.; Heath, ].W.; Navak, P,;
Perry, C.L.; Pechacek, T.F,; et al. Flavored e-cigarette use: Characterizing youth, young adult, and adult users.
Prev. Med. Rep. 2016, 11, 33-40. [CrossRef]

Leigh, N.J.; Lawton, R.; Hershberger, P.A.; Goniewicz, M.L. Flavourings significantly affect inhalation toxicity
of aerosol generated from electronic nicotine delivery systems (ENDS). Tob. Control 2016, 25, ii81-ii87.
[CrossRef]

Tierney, P.A.; Karpinski, C.; Brown, J.E.; Luo, W.; Pankow, ].F. Flavour chemicals in electronic cigarette fluids.
Tob. Control 2016, 25, e10-e15. [CrossRef]

Peace, M.R.; Butler, K.; Wolf, C.E.; Poklis, J.L.; Poklis, A. Evaluation of Two Commercially Available
Cannabidiol Formulations for Use in Electronic Cigarettes. Front. Pharmacol. 2016, 7, 279. [CrossRef]
Phillip, J. Could CBD oil replace drug treatments for sarcoidosis? Available online: https://marijuanastocks.
com/could-cbd-oil-replace-drug-treatments-for-sarcoidosis/ (accessed on 27 February 2017).

Cunningham, D.; Teichtahl, H.; Hunt, ].M.; Dow, C.; Valentine, R. Necrotizing pulmonary granulomata in a
marijuana smoker. Chest 2000, 117, 1511-1514.

Madsen, L.R.; Krarup, N.; Bergmann, T.K,; Baerentzen, S.; Neghabat, S.; Duval, L.; Knudsen, S.T. A Cancer
that went up in smoke: Pulmonary reaction to e-cigarettes imitating metastatic cancer. Chest 2016, 149,
e65—e67. [CrossRef] [PubMed]

Crommelin, H.A.; Vorselaars, A.; van Moorsel, C.H.; Korenromp, I.H.; Deneer, V.H.; Grutters, ].C. Anti-TNF
therapeutics for the treatment of sarcoidosis. Immunotherapy 2014, 6, 1127-1143. [CrossRef] [PubMed]
Baha, A.; Hanazay, C.; Kokturk, N.; Turktas, H. A Case of Sarcoidosis Associated With Anti-Tumor Necrosis
Factor Treatment. |. Investig. Med. High Impact Case Rep. 2015, 3, 2324709615571366. [CrossRef] [PubMed]
Butnor, K.J. Pulmonary sarcoidosis induced by interferon-alpha therapy. Am. J. Surg. Pathol. 2005, 29,
976-979. [CrossRef] [PubMed]

Davis, K.L.; Agarwal, A.; Verma, A.R. Checkpoint inhibition in pediatric hematologic malignancies.
Pediatr. Hematol. Oncol. 2017, 34, 379-394. [CrossRef]

Lucchesi, M.; Sardi, I.; Puppo, G.; Chella, A.; Favre, C. The dawn of “immune-revolution” in children: Early
experiences with checkpoint inhibitors in childhood malignancies. Cancer Chemother. Pharmacol. 2017, 80,
1047-1053. [CrossRef]

Dunn-Pirio, A.M.; Shah, S.; Eckstein, C. Neurosarcoidosis following Immune Checkpoint Inhibitio.
Case Rep. Oncol. 2018, 11, 521-526. [CrossRef]


http://dx.doi.org/10.1007/s004150170175
http://www.ncbi.nlm.nih.gov/pubmed/11437156
http://dx.doi.org/10.1016/j.pediatrneurol.2016.05.018
http://dx.doi.org/10.1016/j.ro.2004.06.006
http://dx.doi.org/10.1016/j.iac.2012.08.005
http://dx.doi.org/10.1111/j.0954-6820.1952.tb13865.x
http://dx.doi.org/10.1590/abd1806-4841.20175211
http://www.ncbi.nlm.nih.gov/pubmed/28954117
http://dx.doi.org/10.1016/j.ccm.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26593135
http://dx.doi.org/10.1186/1546-0096-6-16
http://www.ncbi.nlm.nih.gov/pubmed/18811966
http://dx.doi.org/10.1016/j.jadohealth.2013.07.037
http://www.ncbi.nlm.nih.gov/pubmed/24060573
http://dx.doi.org/10.1001/jamapediatrics.2013.5488
http://www.ncbi.nlm.nih.gov/pubmed/24604023
http://dx.doi.org/10.1503/cmaj.1095807
http://www.ncbi.nlm.nih.gov/pubmed/31591103
http://dx.doi.org/10.1016/j.pmedr.2016.11.001
http://dx.doi.org/10.1136/tobaccocontrol-2016-053205
http://dx.doi.org/10.1136/tobaccocontrol-2014-052175
http://dx.doi.org/10.3389/fphar.2016.00279
https://marijuanastocks.com/could-cbd-oil-replace-drug-treatments-for-sarcoidosis/
https://marijuanastocks.com/could-cbd-oil-replace-drug-treatments-for-sarcoidosis/
http://dx.doi.org/10.1016/j.chest.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26965975
http://dx.doi.org/10.2217/imt.14.65
http://www.ncbi.nlm.nih.gov/pubmed/25428650
http://dx.doi.org/10.1177/2324709615571366
http://www.ncbi.nlm.nih.gov/pubmed/26425632
http://dx.doi.org/10.1097/01.pas.0000160442.23523.0a
http://www.ncbi.nlm.nih.gov/pubmed/15958865
http://dx.doi.org/10.1080/08880018.2017.1383542
http://dx.doi.org/10.1007/s00280-017-3450-2
http://dx.doi.org/10.1159/000491599

Diagnostics 2019, 9, 160 13 of 13

70.

71.

72.

73.
74.
75.

76.

77.

78.

79.

Casanova, N.; Zhou, T.; Knox, K.S.; Garcia, J].G.N. Identifying Novel Biomarkers in Sarcoidosis Using
Genome-Based Approaches. Clin. Chest Med. 2015, 36, 621-630. [CrossRef]

Ukae, S.; Tsutsumi, H.; Adachi, N.; Takahashi, H.; Kato, F; Chiba, S. Preschool sarcoidosis manifesting as
juvenile rheumatoid arthritis: A case report and a review of the literature of Japanese cases. Pediatr. Int.
1994, 36, 515-518. [CrossRef]

Teirstein, A.S.; Judson, M.; Baughman, R.P.; Rossman, M.D.; Yeager, H., Jr.; Moller, D.R.; Case Control
Etiologic Study of Sarcoidosis (ACCESS) Writing Group. The spectrum of biopsy sites for the diagnosis of
sarcoidosis. Sarcoidosis Vasc. Diffus. Lung Dis. 2005, 22, 139-146.

Hutchinson, J. Case of Livid Papillary Psoriasis; J&A Churchill: London, UK, 1877; Volume 1.

Boeck, C. Multiple benign sarcoid of the skin. J. Cutan Genitourin. Dis. 1899, 17, 543-550.

Moller, D.R.; Rybicki, B.; Hamzeh, N.Y.; Montgomery, C.G.; Chen, E.S.; Drake, W.; Fontenot, A.P. Genetic,
Immunologic, and Environmental Basis of Sarcoidosis. Ann. Am. Thorac. Soc. 2017, 14, 5429-5436. [CrossRef]
[PubMed]

Kaiser, Y.; Lepzien, R.; Kullberg, S.; Eklund, A.; Smed-Sorensen, A.; Grunewald, J. Expanded lung
T-bet+RORYT+ CD4+ T-cells in sarcoidosis patients with a favourable disease phenotype. Eur. Respir. ].
2016, 48, 484-494. [CrossRef]

Schupp, J.C.; Tchaptchet, S.; Liitzen, N.; Engelhard, P.; Miiller-Quernheim, J.; Freudenberg, M.A.; Prasse, A.
Immune response to Propionibacterium acnes in patients with sarcoidosis—in vivo and in vitro. BMC Pulm.
Med. 2015, 15, 75. [CrossRef]

Broos, C.E.; van Nimwegen, M.; Kleinjan, A.; ten Berge, B.; Muskens, F; in ‘t Veen, ].C.; Annema, J.T.;
Lambrecht, B.N.; Hoogsteden, H.C.; Hendriks, RW.; et al. Impaired survival of regulatory T cells in
pulmonary sarcoidosis. Respir. Res. 2015, 16, 108. [CrossRef]

Hetherington, S. Sarcoidosis in young children. Am. J. Dis. Child. 1982, 136, 13-15. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ccm.2015.08.005
http://dx.doi.org/10.1111/j.1442-200X.1994.tb03237.x
http://dx.doi.org/10.1513/AnnalsATS.201707-565OT
http://www.ncbi.nlm.nih.gov/pubmed/29073364
http://dx.doi.org/10.1183/13993003.00092-2016
http://dx.doi.org/10.1186/s12890-015-0070-7
http://dx.doi.org/10.1186/s12931-015-0265-8
http://dx.doi.org/10.1001/archpedi.1982.03970370015002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Blau Syndrome and Early Onset Sarcoidosis (BS-EOS) 
	High-Risk Sarcoidosis 
	Acute Sarcoidosis 
	Diagnostic Challenges and Considerations in Pediatric Sarcoidosis 

	Discussions 
	References

