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Abstract

Purpose of Review: The purpose of this review is to provide a framework to distinguish Blau 

syndrome/Early Onset Sarcoidosis and Sarcoidosis clinically. We also discuss relevant differences 

in genetics, pathogenesis, and management of these diseases.

Recent Findings: Blau Syndrome and Sarcoidosis share the characteristic histologic finding 

of noncaseating granulomas as well as some similar clinical characteristics; nevertheless, they 

are distinct entities with important differences between them. Blau syndrome and Early Onset 

Sarcoidosis are due to one of numerous possible gain-of-function mutations in NOD2, commonly 

presenting before age 5 with a triad of skin rash, arthritis, and uveitis. However, as more cases are 

reported, expanded clinical manifestations have been described. In systemic Sarcoidosis, there are 

numerous susceptibility genes that have been identified, and disease is thought to result from an 

environmental exposure in a genetically susceptible host. It most often presents with constitutional 

symptoms and pulmonary involvement and typically affects adolescents and adults.

Summary: This paper reviews the similarities and differences between Blau syndrome and 

Sarcoidosis. We also discuss the importance of distinguishing between them, particularly with 

regard to prognosis and outcomes.
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Introduction

Blau syndrome/Early Onset Sarcoidosis and systemic Sarcoidosis are chronic granulomatous 

conditions that share the common histologic feature of noncaseating granulomas, and both 

can affect similar organ systems. However, they differ in typical age at onset, genetics, and 

dominant clinical features.

Blau syndrome and Early Onset Sarcoidosis occur secondary to one of many possible 

single-gene mutations in NOD2 and are classically characterized by the triad of skin 

rash, arthritis, and uveitis [1–5]. Blau syndrome and Early Onset Sarcoidosis refer to the 

autosomal dominantly inherited and sporadic forms of this condition, respectively, and 
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will be referred to collectively as “Blau syndrome” throughout this review. Alternatively, 

systemic Sarcoidosis, referred to as “Sarcoidosis” throughout this review, is generally 

thought to occur due to a genetic predisposition and a secondary environmental exposure 

[6, 7]. About 90% of patients have pulmonary involvement, although skin, ocular, and 

musculoskeletal involvement are among the most common extrapulmonary features [6, 

8–12]. Sarcoidosis, which is most commonly reported in adults, can certainly present in 

children, most commonly in adolescence, and similar to adults, constitutional symptoms and 

pulmonary involvement are the most common clinical features [13].

When evaluating patients, it is important to be able to distinguish between these two entities 

as they have different courses, genetic implications, treatment responses, and prognoses 

[11, 14–17]. In this review, we develop a framework for distinguishing these conditions 

clinically and also discuss important differences in genetics, pathogenesis, and treatment 

where relevant.

Body

Epidemiology

The incidence of Blau syndrome is unknown, but the annual incidence of combined 

granulomatous disorders (including Blau Syndrome, Early Onset Sarcoid, and Sarcoidosis) 

presenting before age 18 is reported to be 0.06–1.02/100,000 [6, 18]. Sarcoidosis presenting 

in adulthood is much more common with an overall annual incidence in the United States of 

7.6–8.4/100,000 and prevalence of 59–60.1/100,000 [19].

Patients with Blau syndrome most commonly develop symptoms before the age of 5, 

although they may not be correctly diagnosed until later in life, particularly when the 

presentation lacks the characteristic triad of clinical manifestations, or the symptoms present 

sequentially rather than simultaneously [1, 4, 15, 17, 20, 21]. Earlier studies indicate that 

adults who develop Sarcoidosis most frequently present between 20 and 40 years of age, 

but more recent studies report that a substantial number of patients are diagnosed after 50 

years of age, suggesting two peak ages at diagnosis [8, 19, 22]. Children that present with 

“adult-type” Sarcoidosis most commonly present in adolescence [13].

Children with Blau syndrome are most commonly of Asian, Caucasian, or Hispanic descent, 

whereas in “adult-type” Sarcoidosis presenting in childhood, 72–81% of patients are African 

American [4, 13, 15, 17, 21, 23–25]. In the United States, Sarcoidosis is more common in 

African American patients with an annual reported incidence of 17–71/100,000 compared to 

an annual incidence of 8–11/100,000 in white patients [9, 11, 19, 22].

Although not formally reported, there does not appear to be a difference in the ratio of 

females to males affected by Blau syndrome, likely because this is a monogenetic disease 

that is not sex-linked [4, 5, 15, 17, 21, 23, 25]. Sarcoidosis more commonly affects females 

than males, but males tend to present at a younger age, and in adolescents with Sarcoidosis, 

the ratio of male to female patients is approximately 1:1 [8, 11–13, 19, 26]. It should be 

noted, however, that many historical cohorts often include both Blau syndrome and juvenile 
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Sarcoidosis together in a single cohort making it difficult to differentiate clearly between the 

two [13, 26].

Pathogenesis

Genetics—Perhaps the most apparent difference between Blau syndrome and Sarcoidosis 

is that Blau syndrome is a monogenic autoinflammatory disease caused by one of at least 

30 different known mutations in the NOD2 gene, most commonly near the NOD/NACHT 

domain [2–5, 15, 17, 20, 21, 23]. The most common mutations are R334W and R334Q, 

occurring in 40–80% of patients [4, 5, 15, 17, 20, 21, 23]. Blau syndrome is inherited in 

an autosomal dominant fashion, whereas Early Onset Sarcoidosis is due to a sporadically 

occurring mutation in the same gene [1, 20, 27]. Although familial cases are transmitted 

in an autosomal dominant fashion, there have been reports of incomplete penetrance in 

association with the E383K mutation [17, 28, 29].

While there are some data that suggest the opposite, it is generally accepted now that the 

causative mutation in Blau syndrome is a gain-of-function mutation, located on or near 

domain interfaces in the NOD domain [20, 30, 31]. These regions stabilize the closed 

or inactive conformation of the NOD2 protein; therefore, mutations in these regions are 

hypothesized to destabilize the inactive conformation, leading to otherwise unstimulated 

protein activation [31, 32]. In contrast, the NOD2 mutations found in Crohn’s disease, 

another granulomatous inflammatory disease with predominantly gut but also ocular, skin, 

and joint involvement, are scattered throughout the gene, possibly affecting oligomer 

formation and ligand binding, consistent with the observation that NOD2 mutations in 

Crohn’s disease are considered to be loss-of-function mutations [31]. This discovery 

underscores the importance of the location of the NOD2 mutations in Blau syndrome as 

it relates to pathogenesis.

Alternatively, there are numerous susceptibility genes that have been associated with 

the development of Sarcoidosis. Sarcoidosis is traditionally thought to result from the 

combination of genetic predisposition plus an external stimulus [6, 7]. The influence of HLA 

genes and alleles are associated with the development of Sarcoidosis as well as the course 

and prognosis of the disease and may even differ by race [7, 33, 34]. For example, Lofgren’s 

syndrome, an acute form of Sarcoidosis that presents with the triad of hilar adenopathy, 

arthralgia, and erythema nodosum, is associated with HLA-DRB1, and patients with the 

HLA-DRB1*03 allele have an especially good prognosis [35]. Other HLA genes associated 

with Sarcoidosis include HLA-DQA1, HLA-DRA, HLA-DRB5 [33]. Various other genes 

have been linked with the development of Sarcoidosis and include ACE, ANXA11, BTNL2, 

LTA, MAPK, OS9, TAB1 and TAB2 (a downstream gene associated with NOD2 protein 

signaling), and TNFA [33, 36–40].

Despite disease manifestations in similar organs, pathogenic NOD2 mutations have not been 

observed in Sarcoidosis patients. Two recent studies evaluated adult Sarcoidosis patients 

with a similar pattern of organ involvement as patients with Blau syndrome for evidence 

of disease association with NOD2 mutations [38, 41]. A combined cohort of 442 European 

American and 1273 African American sarcoidosis patients were genotyped for 23 genes 

within the NOD2 pathway. No significant mutations in the NOD2 gene were identified 
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in those with skin and bone/joint involvement; however, there were novel significant 

associations in four variants within the TAB2 gene, suggesting the NOD2 pathway could 

be implicated in pathogenesis of Sarcoidosis [38]. In a genetic case-control study, 39 

subjects with sarcoid-related uveitis were compared to 12 Sarcoidosis patients without 

ocular involvement. There were no significant differences in NOD2 common variant allele 

frequencies, and none of the patients had pathogenic NOD2 mutations associated with 

Blau syndrome, although 4 new non-synonymous NOD2 variants were found in the ocular 

Sarcoidosis group that may have clinical significance [41].

Granuloma morphology—Blau syndrome and Sarcoidosis are both characterized by 

noncaseating granulomas on biopsy of affected tissues [6, 20, 30, 42]. In both diseases, 

granulomas are surrounded by a lymphocytic corona, contain an increased CD4+/CD8+ 

ratio, and contain multinucleated giant cells (MGCs) [7, 20, 30, 42]. Immunohistochemistry 

also shows elevated expression of IFN-γ, IL-17, IL-23R, and TNF-α [6, 7, 20, 30]. 

However, there are some important differences that can help differentiate histologically 

between the two conditions.

The lymphocytic corona surrounding granulomas in Blau syndrome is typically quite dense, 

whereas the corona surrounding granulomas in Sarcoidosis is thin [30]. Lymphocytic 

emperipolesis within MGCs is a prominent feature of Blau syndrome granulomas and 

is a distinguishing feature from granulomas in Sarcoidosis [30]. Emperipolesis may 

be associated with MGC death, resulting in fibrinoid necrosis observed in granulomas 

in Blau syndrome, whereas hyaline fibrosis is a common feature within granulomas 

in Sarcoidosis [30, 42]. While crystalline intracytoplasmic inclusions are rare in Blau 

syndrome granulomas, Sarcoid granulomas frequently contain various intracytoplasmic 

inclusions, such as Schaumann bodies, birefringent calcium oxalate crystals, cholesterol 

crystals, and asteroid bodies [30, 42].

Association with antigenic triggers—Antigenic triggers for granuloma formation 

have been associated with both Blau syndrome and Sarcoidosis. In Blau syndrome, 

disease onset or flare has been temporally associated with administration of the bacillus 

Calmette-Guerin (BCG) vaccine [17, 43]. Interferon gamma (IFN-γ) response to BCG 

vaccination is hypothesized to provide a stimulus for increased NOD2 production [17, 

44]. Additionally, Mycobacterium avium ss. paratuberculosis (MAP), implicated as a cause 

of enteric granulomatous disease in ruminant animals and possibly Crohn’s disease, has 

been speculated to be a trigger for Blau syndrome after DNA evidence of MAP was 

discovered in biopsy specimens from patients with Blau syndrome [45]. Altered host: 

microbial interactions are thought to play a role in this triggering phenomenon; cells 

with a Blau-associated NOD2 defect exhibited poor intracellular clearance of Salmonella 
typhimurium and altered TNF-α expression compared to normal cells, which may play a 

role in the inflammatory response observed in Blau syndrome [46].

In Sarcoidosis, Mycobacteria and Propionibacterium acnes, in particular, have been 

implicated as antigenic triggers [7, 47, 48]. In a large systemic review and meta-analysis 

including 58 studies and over 6000 patients, there was a strong association between 

mycobacteria infection and Sarcoidosis [OR 6.8 (95% CI 3.73, 12.39)] [47]. A second 
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meta-analysis of case-control studies confirmed this association [48]. In the large systemic 

review and meta-analysis by Esteves et al, an etiologic link between infection with 

Propionibacterium acnes and Sarcoidosis was also observed [OR 18.80 (95% CI 12.62, 

28.01)] [47]. NOD1 gene polymorphisms (796G/A and 796A/A) were associated with 

impaired response to intracellular P. acnes through diminished NF-ҡB activation and 

development of Sarcoidosis in Japanese patients, suggesting a genetic link to pathogenesis 

[49]. This association has not been studied in Blau syndrome.

Although the specific mechanisms remain to be elucidated, it is clear that an aberrant 

immune response to variety of antigenic factors lead to the common endpoint of granuloma 

formation in both Blau syndrome and Sarcoidosis.

Disease Manifestations

Edward Blau originally described eleven family members over four generations presenting 

with granulomatous arthritis, uveitis, and/or rash [1]. Two of these patients presented with 

all three clinical features. Collectively, these features are considered to be the classic triad 

of Blau syndrome and are present together in various degrees in different cohorts [1, 4, 

5, 15, 17, 21]. Symptoms generally present before age 5, with rash typically presenting 

earliest and may be misdiagnosed without concomitant development of the other symptoms 

[1, 4, 15, 17, 20, 21]. In recent years, clinical manifestations beyond the classic triad 

have been reported [4, 5, 17, 21, 25, 50]. For example, pulmonary involvement with 

interstitial lung disease (ILD) in Blau syndrome is rare but can occur [5, 21, 50, 51]. 

In contrast, approximately 90% of patients with Sarcoidosis have pulmonary involvement, 

ranging from adenopathy to interstitial lung disease [6, 10–12]. Some of the most common 

extrapulmonary manifestations in Sarcoidosis involve the musculoskeletal, ocular, and 

dermatologic systems. Although both Blau syndrome and Sarcoidosis share involvement 

of many of the same organ systems, the manifestations remain clinically distinct.

Arthritis—In Blau syndrome, arthritis is usually the most common manifestation, either 

alone or in combination with other features [1, 15, 17, 21, 25]. Except in one cohort in 

which 73% of patients were affected by arthritis, most cohorts report that greater than 

90% of patients have arthritis [4, 5, 17, 21, 23, 25]. The arthritis is characteristically in a 

polyarticular pattern involving small and large joints, often affecting the wrists, proximal 

interphalagneal (PIP) joints, knees, and ankles [1, 4, 17, 21]. Oligoarthritis may occur but 

is the pattern of presentation in less than one-quarter of patients [4, 17, 21]. The arthritis 

is described as “boggy” and characteristically causes exuberant tenosynovitis [4, 5, 23]. 

Interestingly, range of motion is generally preserved until late in the disease course [1, 20]. 

Erosive disease, while it can occur, is rare, but other dysplastic changes, including carpal 

dysplasia, biconcave radius, plump ulna, and abnormal shape of the second metacarpal, are 

relatively common [1, 20, 52, 53]. Camptodactyly is an especially common feature of Blau 

syndrome, present in roughly 60% of patients [4, 21, 54]. These dysplastic changes can be 

helpful for diagnosis when observed on x-ray [21].

Arthritis or arthralgia occurs in about 5–15% of patients with Sarcoidosis [12]. The arthritis 

in Sarcoidosis presents most commonly in a symmetric oligoarticular pattern, in contrast 
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to the polyarthritis seen in Blau syndrome [11, 35, 55]. Bilateral ankle swelling has 

been reported in the vast majority of patients with arthritis in one study [55]. Similar to 

Blau syndrome, erosive disease is uncommon in Sarcoidosis; however, in contrast to Blau 

syndrome, camptodactyly is rare and dactylitis common in Sarcoidosis [35, 54].

Dermatologic manifestations—Although the skin is involved in both Blau syndrome 

and Sarcoidosis, the clinical manifestations are quite distinct in each condition. In Blau 

syndrome, the skin rash is often the first symptom to develop, generally occurring within 

the first 1–2 years of life, and is the second most common symptom in most cohorts, 

affecting about 70–90% of patients [1, 4, 15, 17, 20, 21, 43]. The characteristic rash is 

described as scaly, erythematous or flesh-colored fine papules or coalescent plaques, often 

becoming more tan-colored, “dirty”, or scaly appearing with longer disease duration [1, 

17, 20, 43]. The rash is not painful, is infrequently pruritic, and may be widespread [17, 

43]. Unsurprisingly, skin biopsy shows noncaseating granulomas [1, 20]. Other skin rashes 

observed less commonly and often later in the course of disease include erythema nodosum, 

leukocytoclastic vasculitis, and livedoid-type rashes [17, 21, 43]. Skin manifestations may 

resolve spontaneously within 5 years or continue to flare over the course of the disease [43].

In Sarcoidosis, the skin is the most commonly involved extrathoracic site with 20–30% of 

patients affected [8–11]. Sarcoidosis-specific lesions demonstrate noncaseating granulomas 

on biopsy and include subcutaneous nodules, papules, plaques, tattoo or scar sarcoidosis, 

lupus pernio, and ulcerations; subcutaneous nodules and papules and plaques are most 

common [12, 56]. The papules and plaques may be similar in color, but larger than the 

millimetric papules seen in Blau syndrome. Erythema nodosum, histologically described 

as a septal panniculitis, is a non-specific lesion that occurs in almost 10% of Sarcoidosis 

patients and can occur specifically as part of Lofgren syndrome [8, 12, 56]. Similar to other 

manifestations of Sarcoidosis and to skin involvement in Blau syndrome, skin lesions may 

resolve spontaneously.

Uveitis—Uveitis is the least common of the classic manifestations of Blau syndrome, 

occurring in about 60–80% of patients, but is responsible for significant disease-related 

morbidity [4, 5, 17, 21, 23]. When it occurs, uveitis typically appears latest and is difficult to 

treat, with the majority of patients requiring therapy for ongoing active inflammation 5 years 

after uveitis onset [4, 15, 20, 21, 57]. Bilateral panuveitis is the most common presentation, 

though isolated anterior, intermediate, and posterior uveitis can also occur [1, 4, 5, 17, 21, 

23, 25]. The frequency of long-term morbidity is unfortunately high in those affected by 

ocular inflammation, with about 30% of patients with uveitis developing moderate to severe 

visual impairment [15, 21]. In one study, patients with R334W and R334Q mutations, the 

most commonly reported Blau mutations, had less visual acuity loss than those with all 

other mutations combined [15]. Common uveitis complications include band keratopathy, 

posterior synechiae, increased intraocular pressure, and cataracts [15, 21]. Other ocular 

manifestations include optic disc pallor, peripapillary nodules, optic disc edema, macular 

edema, nummular corneal subepithelial deposits, and multifocal chorioretinal lesions [15, 

25].
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Up to 80% of patients with Sarcoidosis may have ocular involvement, though most studies 

report a range of about 10–30% [6, 8–12, 58]. Uveitis is the most common ocular 

manifestation [6, 12, 58]. In contrast to Blau syndrome, anterior uveitis is the most common 

presentation observed in Sarcoidosis, but up to 25% of patients may also have posterior 

involvement [6, 12, 58]. Panuveitis and posterior uveitis are more common in black patients 

than in white patients, a distinction not noted in Blau syndrome [12]. Ocular manifestations 

distinct from Blau include scleritis, episcleritis, lacrimal gland involvement, orbital masses, 

and optic neuritis [12]. Another important distinction between ocular involvement in Blau 

syndrome and Sarcoidosis is that the visual outcome of uveitis in Sarcoidosis tends to be 

favorable [12].

Pulmonary—The first case of Blau syndrome-associated ILD was reported in 2007 [50]. 

The patient presented with arthritis at 1 year of age and bilateral anterior uveitis at 3 

years of age. At 16 years of age, he subsequently developed cervical lymphadenopathy, 

and computed tomography (CT) of the chest showed axillary and mild mediastinal 

lymphadenopathy as well as small areas of ground glass opacity. ILD has been reported 

in six additional patients [21, 51]. In at least two of the cases, imaging and symptoms 

resolved or improved with treatment [50, 51]. Pulmonary outcomes were not reported in 

the other patients [21]. Whereas pulmonary involvement is rare in Blau syndrome, the lung 

is the most commonly involved organ in Sarcoidosis, affecting at least 90% of patients in 

most cohorts [8–11]. Stage I (hilar enlargement only) and stage II (hilar enlargement plus 

intraparenchymal disease) disease are the most common presentations [8, 9, 11]. Up to half 

of patients are asymptomatic with regard to lung disease at presentation, though patients 

may present with shortness of breath, dyspnea on exertion, chest tightness, or cough [6, 

9, 11, 12]. If Sarcoidosis is suspected, imaging by CT scan to evaluate for pulmonary 

involvement is recommended [11]. Depending on the stage of disease at presentation, 

outcomes of pulmonary Sarcoidosis may be very good, particularly patients with stage I 

disease. Even a majority of patients who have stage II-IV disease may have radiographic 

improvement without therapy or remain asymptomatic [14]. Up to 70% of patients may 

require systemic therapy for symptomatic pulmonary disease, but only about half of those 

require treatment for more than two years, the majority of whom can be maintained on 

low-dose therapy [14].

Other clinical features—About one-third to one-half of patients with Blau syndrome 

have manifestations beyond the classic triad [4, 5, 20, 21]. Similar to other autoinflammatory 

conditions, fever, either recurrent or persistent, is not uncommon [4, 5, 17, 21, 25]. 

Involvement of the reticuloendothelial system with lymphadenopathy, hepatomegaly, 

and/or splenomegaly can occur [4, 5, 17, 21, 23]. Severe hypertension has been 

reported in several case series, attributed to nonvascular renal disease, large vessel 

vasculitis with renal artery involvement, vasculopathy of intermediate-sized renal vessels, 

and chronic steroid use [4, 5, 17, 21]. A rare but serious manifestation is large 

vessel vasculitis, including aortitis and Takayasu’s-like arteritis [20]. Other expanded 

manifestations include cranial neuropathies (especially transient facial palsy), ischemic 

stroke, sialadenitis, pulmonary embolism, cardiomyopathy, granulomatous interstitial 

nephritis, nephrocalcinosis, granulomatous glomerulonephritis, and granulomatous hepatitis 
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[4, 5, 17, 21, 23, 57, 59–61]. Hypercalcemia in association with nephrocalcinosis and 

osteosclerosis has also been reported [62]. Therefore, neither the lack of the complete triad 

nor the presence of additional manifestations, including those more commonly seen in 

Sarcoidosis, such as hypercalcemia and pulmonary disease, should rule out Blau syndrome 

as a diagnosis. Furthermore, remaining vigilant for signs of other rare but serious disease 

manifestations is imperative.

As noted above, skin, eye, and joint involvement are common extrathoracic manifestations 

of Sarcoidosis, and some clinical features overlap in both conditions as discussed above. 

Clinically apparent cardiac involvement is present in up to 5% of Sarcoidosis patients, with 

symptoms and signs including palpitations, heart failure, and arrhythmias [4–6, 8–12, 17, 

60, 61]. Cardiac granulomas are found in up to 25% of Sarcoidosis in post-mortem studies 

[6]. Hypercalcemia may affect as many as 40% of patients with Sarcoidosis, and pediatric 

patients diagnosed with Sarcoidosis may be more likely to have hypercalcemia than their 

adult counterparts [6, 63]. Neurologic manifestations affect up to 25% of patients with 

Sarcoidosis, much more frequently than in Blau syndrome, and have a wider variety of 

presentations beyond cranial neuropathy, including seizures and meningeal or white matter 

disease, leading to headache, ataxia, cognitive dysfunction [6, 8–12, 20, 64]. Aortitis has 

been reported rarely in association with both conditions, so while it is important to be aware 

of this rare association, this is not a distinguishing factor between the two conditions [17, 26, 

60, 61, 65–68].

Diagnosis

The diagnosis of Blau syndrome is made when patients present with classical clinical 

features and can be confirmed by genetic testing and biopsy. Genetic testing for common 

genetic variants is commercially available. Synovial and skin biopsies are most commonly 

done to look for noncaseating granulomas, but the yield is higher with skin biopsy [20, 30, 

43].

Laboratory and imaging studies can be supportive but are usually not diagnostic. Elevated 

erythrocyte sedimentation rate (ESR) and C reactive protein (CRP) levels are non-specific 

and may be normal [1, 4, 59]. Hypercalcemia is significantly less likely in Blau syndrome 

but has been reported [20, 62, 69]. Serum angiotensin converting enzyme (ACE) levels 

are mostly reported to be normal, though elevated ACE levels have been seen [1, 26, 59]. 

ACE is produced by the epithelioid cells and macrophages of the granuloma; therefore, any 

granulomatous disease could result in elevated ACE levels, making this a nonspecific test 

for the diagnosis of Blau syndrome. Furthermore, normal serum ACE levels differ by age, 

so this is an important consideration when interpreting the serum ACE level in children 

[70, 71]. Hand and wrist x-rays may show dysplastic changes, including camptodactyly, 

carpal dysplasia, abnormal distal radial epiphysis, abnormal distal ulna shape, short ulna, 

abnormal shape of the second metacarpal bone, and these features may help differentiate 

Blau syndrome from Sarcoidosis [21]. Patients suspected to have Blau syndrome should 

have an ophthalmologic exam to assess for uveitis.

Similarly, the diagnosis of Sarcoidosis is made on the basis of a compatible clinical 

and radiographic presentation, and exclusion of other differential diagnoses [6, 12, 22, 
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41]. Biopsy for histologic confirmation is preferred when feasible, and beyond the lungs, 

additional locations to consider for biopsy include lacrimal glands and peripheral lymph 

nodes. Serum ACE levels are elevated in as many as three-quarters of sarcoidosis patients, 

which is significantly higher than in patients with Blau syndrome [6, 72]. However, 

sensitivity of the serum ACE level is generally low, ranging from 41.4–78.1% with 

specificity ranging from 76–90% [72–74]. In two different populations, the positive 

predictive value ranged from 10–25.4% and the negative predictive value ranged from 89.9–

96.6%, making an elevated serum ACE level not particularly helpful in diagnosing either 

condition [72, 73].

Prognosis and Treatment

There is a significant difference in prognosis between Blau syndrome and Sarcoidosis, and 

this subsequently impacts the choice and duration of treatments used in each condition. 

One international prospective cohort study in 31 Blau syndrome patients found that after 

a median disease duration of 12.8 years, active arthritis or active uveitis requiring ongoing 

immunosuppressive therapy was observed in nearly 100% of patients; more than half had 

reduced functional capacity based on childhood health assessment questionnaires (CHAQ) 

and health assessment questionnaires (HAQ), and a third had had moderate or severe visual 

loss [21]. Another study reported blindness in 14% of patients [17]. In contrast, more 

than 50% of Sarcoidosis patients achieve remission within three years, and two-thirds of 

Sarcoidosis patients achieve remission after a decade, with few or no long-term sequelae 

[6]. Visual and musculoskeletal outcomes are generally good with most patients having 

non-progressive disease [11, 35]. Those that require chronic immunosuppressive therapy can 

often be maintained on relatively low doses of medication, and even the majority of patients 

with pulmonary involvement may not require any treatment, if asymptomatic, regardless of 

more advanced (stages II-IV) disease [12, 14].

Blau syndrome requires systemic immunosuppressant therapy to manage the ocular and 

musculoskeletal manifestations of this disease, and therapeutic choices are driven by 

the organ system involved and the severity of involvement. Treatments include systemic 

steroids, topical steroids, disease modifying antirheumatic drugs (DMARDs), biologic 

agents, and combination of multiple therapies [1, 4, 15, 17, 21, 23, 25, 50, 59, 75–83]. 

In more recently reported Blau cohorts, 70% of patients were treated with a combination 

of systemic steroid plus conventional DMARD, systemic steroid plus a biologic, or a 

conventional DMARD plus a biologic, yet despite aggressive combination therapy, disease 

remained overwhelmingly active [15, 17, 21].

In Blau syndrome, anti-TNF-α agents are the most commonly used biologic class, with 

the most success achieved with monoclonal antibodies adalimumab (ADA) or infliximab 

(IFX) [15, 17, 20, 21, 24, 25, 50, 57, 62, 76, 77, 81–86]. TNF-α helps with macrophage 

remodeling and formation of multinucleated giant cells, leading to development of mature 

granulomas; therefore, the use of anti-TNF-α agents disrupts this process and can treat 

granulomatous inflammation [87]. Interleukin-1 (IL-1), a downstream product of NOD2 

activation, is elevated in some patients with Blau syndrome, and anti-IL-1 therapy has been 

tried with varying success, often, but not always, following anti-TNF-α therapy [4, 15, 21, 
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75, 83, 86]. Similarly, IL-6, another downstream product of NOD2 activation, is elevated in 

some patients with Blau syndrome, and anti-IL-6 therapy, following anti-TNF-α therapy, has 

also been used periodically with varying success [4, 78, 80].

In contrast, a study of 500 patients from Sarcoidosis centers across the world revealed that 

only 43% of patients were still on therapy five years after diagnosis [14, 88]. Up to two-

thirds of patients with pulmonary Sarcoidosis may not require any systemic therapy or can 

be managed on a low-dose regimen of up to 15mg/day of prednisone [9–12, 14, 88, 90]. As 

in Blau syndrome, disease manifestations drive choice of therapy. Systemic corticosteroids 

are first-line therapy for symptomatic pulmonary involvement, skin involvement, and hepatic 

involvement [12]. As such, they are the most common medication used, chosen in up 

to 90% of treated patients [9–11, 14, 90]. DMARDs, most commonly methotrexate, 

are typically used as second-line agents for disease that does not respond to systemic 

corticosteroids [9, 10, 12, 90]. Studies show about 60–80% response to methotrexate for 

pulmonary, cutaneous, ocular, and neurologic manifestations [14]. Biologic agents are third-

line therapy and are used much less frequently in Sarcoidosis, about 5% of patients [12, 

90]. As in Blau syndrome, anti-TNF-α agents are the most commonly used biologic class 

used in Sarcoidosis [90]. A recent systematic review evaluated both randomized and non-

randomized studies utilizing anti-TNF-α agents for different manifestations of Sarcoidosis, 

revealing overall safety and efficacy of Infliximab and Adalimumab for various clinical 

manifestations of Sarcoidosis [16].

Conclusions

Blau syndrome and Sarcoidosis share several overlapping features, most notably the finding 

of noncaseating granulomas in affected tissues and disease that often affects the same 

organ systems. However, Blau syndrome is more refractory to treatment; therefore, patients 

are at higher risk for chronic morbidity and poor long-term outcomes. Recognizing the 

distinguishing features of these diseases is paramount in differentiating these conditions 

from each other and from other mimickers.

Despite at times a blurred distinction between these granulomatous disorders, it is possible 

to distinguish their unique clinical characteristics through a thorough physical exam, as the 

clinical features in each condition are quite distinct, even when they occur in the same organ 

system. A biopsy is often necessary to confirm the diagnosis of a granulomatous disorder, 

and specific histologic features may also be useful to help differentiate between Blau 

syndrome and Sarcoidosis; however, it is genetic testing that often confirms the diagnosis 

of Blau syndrome. Genetic testing is not as useful diagnostically for Sarcoidosis, but as we 

learn more in this domain, we will likely utilize genetic testing to help stratify disease course 

and prognosis in both conditions.

In summary, Blau syndrome and Sarcoidosis remain linked by the histologic presence of the 

granuloma, and although both share some overlapping clinical features, there remain unique 

clinical manifestations in each condition to guide the astute clinician. Due to the disparate 

prognosis and outcomes in each condition, it is imperative to differentiate early, to initiate 
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appropriate therapy, manage co-morbidities, and optimize long-term outcomes for children 

and adults alike.
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