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Abstract

Sarcoidosis-associated uveitis, is the predominant ocular sarcoidosis presentation, which affects both adults and chil-
dren. For adults, international ocular sarcoidosis criteria (IWOS) and sarcoidosis-associated uveitis criteria (SUN) are
defined. However, for children they are not yet established internationally. Due to the specificity of pediatric mani-
festations of sarcoidosis, this task is even more challenging. In children, sarcoidosis is subdivided into Blau syndrome
and early-onset sarcoidosis (BS/EOS) affecting younger children (< 5 years) and the one affecting older children

with clinical presentation resembling adults. Differential diagnosis, clinical work-up as well as diagnostic criteria
should be adapted to each age group. In this article, we review the clinical manifestation of sarcoidosis-associated
uveitis in adults and children and the sensitivity and specificity of various ocular sarcoidosis diagnostic modalities,
including chest X-ray and CT, FDG PET-CT, gallium-67 scintigraphy, bronchoalveolar lavage fluid, genetic testing

for NOD2 mutations and serum biomarkers, such as ACE, lysozyme and IL2R.
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Introduction

Sarcoidosis is a rare inflammatory condition of unknown
cause that affects both adults and children. Its preva-
lence in adults ranges from 8.1/100 000 in Caucasians to
17.8/100 000 in African Americans. Notably, the disease
is less common in children with a prevalence of 0.22—
0.27/100000 (Danish study) [1].

The hallmark of the disease is the presence of non-
caseating granulomas in affected tissues. Nevertheless,
systemic presentation varies among age groups, which
often leads to delayed diagnosis in younger patients. It is
of note that sarcoidosis in children <5 years old does not
typically involve lungs but skin, joints, and eyes [2, 3].

Ophthalmic manifestations of sarcoidosis can involve
any part of the eye and its adnexa in the inflammatory
process [4]. The prevalence of ocular involvement in
patients diagnosed with systemic sarcoidosis ranges from
13 to 79% [4]. Furthermore, ocular involvement remains
the presenting symptom in 30—40% of patients diagnosed
with systemic sarcoidosis [5, 6]. The most common ocu-
lar manifestation of sarcoidosis is uveitis and is reported
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in up to 70% of cases [4]. International Workshop on
Ocular Sarcoidosis (IWOS) clinical criteria for ocular
sarcoidosis are referring only to uveitis and not to other
ophthalmic manifestations. Following nomenclature used
by IWOS and many other authors, in this review ‘ocular
sarcoidosis’ refers only to sarcoidosis-associated uveitis.

Considering the above, certain patients diagnosed
with uveitis e.g. patients with granulomatous or pos-
terior uveitis should undergo sarcoidosis screening as a
routine workup. However, a definite diagnosis is often
difficult to obtain as according to the revised IWOS Cri-
teria for diagnosis of ocular sarcoidosis a biopsy of the
lesion is required [7]. It is feasible for the skin and lymph
node involvement but is often avoided in the case of vital
organs i.e. lungs, heart, or liver [7]. Therefore, a high-
level of clinical suspicion and a thorough slit-lamp exami-
nation are essential for setting a presumed or probable
diagnosis [7].

This clinical scenario is even more complex in children.
The lack of a typical pattern of systemic presentation and
the absence of standardized guidelines on ocular sar-
coidosis in children makes a clinical diagnosis of ocular
sarcoidosis difficult [3].

Here, we present overlapping as well as distinguish-
ing features of ocular sarcoidosis in children and adults
followed by a differential diagnosis and novel diagnostic
approach. The contrast between features of the disease
across various age groups aims to increase clinicians’
awareness regarding this diagnosis and ensure a timely
diagnosis for more patients, particularly those under
5 years of age.

Methods

We utilized the Pubmed database to search for relevant
publications. Manuscripts published between 2013 and
2022 were utilized as the primary source of data. Ocular
sarcoidosis, sarcoidosis, early onset sarcoidosis, Blau syn-
drome, and uveitis served as primary search terms.

Systemic sarcoidosis

Adults

There are no firmly established guidelines dedicated to
the diagnosis of sarcoidosis. However, it is agreed that
the disease is deemed highly probable in an individual
with typical clinical features, non-caseating granulomas
in the histopathological examination, and in whom other
granulomatous diseases have been ruled out [8].

The 2014 guidelines issued by the World Associa-
tion of Sarcoidosis and other Granulomatous Diseases
point out that certain clinical manifestations and imag-
ing or laboratory findings are suggestive of the disease
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and these patients should undergo sarcoidosis screen-
ing [9]. Clinical manifestations include: Lofgren syn-
drome (bilateral hilar adenopathy, erythema nodosum,
and/or arthritis), Heerfordt-Waldenstrom syndrome
(rare subacute variant of sarcoidosis, characterized by
enlargement of the parotid or salivary glands, facial
nerve paralysis and anterior uveitis) [10], lupus pernio,
uveitis, optic neuritis, erythema nodosum. Nonspecific
benign lymphoepithelial lesion or Mikulicz’s disease or
syndrome is a type of benign enlargement of the parotid
and/or lacrimal glands, which has been described also
in sarcoidosis. Virtually any organ and system can be
involved in the process including the central nervous
system, liver, kidneys, spleen, or muscles [9]. Imag-
ing features include: bilateral hilar adenopathy, peri-
lymphatic nodules, gadolinium enhancement on MRI,
osteolysis, trabecular bone pattern, bone cysts and con-
trast uptake by the parotid; laboratory findings include
hypercalcemia or hypercalciuria [9]. It is of note that the
conditions listed above do not exhaust all possible sites
involved in sarcoidosis.

Considering that the clinical picture of the disease is
non-specific, a biopsy of the lesion is usually endorsed by
sarcoidosis experts [11]. However, as sarcoid granulomas
do not have any specific features that would allow them
to distinguish them from other non-necrotizing granu-
lomas, the exclusion of other diseases with similar his-
topathology is usually required to confirm the diagnosis
of sarcoidosis [12]. The differential diagnoses of systemic
sarcoidosis should include infectious and non-infectious
causes [13]. The detailed differential of systemic sar-
coidosis remains beyond the scope of this review, how-
ever, the most common mimickers include tuberculosis
and other mycobacteria, fungal infections, and a range of
non-infectious diseases including vasculitis or lymphoma
[14]. For a more thorough list of differential diagnoses of
systemic sarcoidosis, the reader is referred to dedicated
sources [13-17].

Children >5 years

The course of systemic sarcoidosis in children older than
5 years is similar to the adult disease described above [3,
18]. Clinical symptoms include fever of unknown ori-
gin and malaise accompanied by hilar adenopathy and
lung changes [18]. Interestingly, peripheral lymph nodes
involvement is more common in children (40-70%) than
in adults (4.8%) (1, 2].

Systemic sarcoidosis usually affects teenagers with
a mean age of 13-15 years. Notably, its prevalence is
much lower than in adults and a recent Danish study
showed that it equals 0.22—0.27/100 000 [1]. Sarcoidosis
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in children older than 5 years has usually a less severe
course than in adults. It is estimated that approximately
25% of adults and 12% of children develop chronic or
progressive disease [19, 20].

Children <5 years

Sarcoidosis in children younger than 5 years is usually
considered separately and is labeled as Blau Syndrome
when there is a family history proving an autosomal
dominant trait or Early Onset Sarcoidosis (EOS) when
no family history is evident [21]. Children under 5 typ-
ically present with a triad of a rash, polyarthritis, and
uveitis [22]. Although any organ can be involved in the
inflammatory process, lungs are typically spared [23].
BS and EOS are respectively defined as the familial
and sporadic forms of the same pediatric noncaseat-
ing granulomatous autoinflammatory disease [24] and
are shown to share a common genetic etiology [25].
Although, traditionally, Blau syndrome is recognized if
there is a family history of the disease, and EOS if the
mutation is sporadic [21], this traditional naming is
not always followed, as authors of some recent publi-
cations [26—29] use the name Blau Syndrome for both
familial and sporadic mutations.

Notably, Blau syndrome and EOS are a result of
Nucleotide-binding oligomerization domain-containing
protein 2 (NOD2), previously known as CARD15 gene
mutation [30]. NOD2 serves as an intracellular pattern
recognition receptor that activates the immune system in
response to muramyl dipeptide, a constituent of the cell
wall of certain bacteria. Therefore, the gain mutation of
this gene leads to the overactivation of the immune sys-
tem [30].

Data from the Blau syndrome registry shows that
patients with Blau syndrome develop rash, arthritis,
and uveitis with a median age of 1.1 years, 2 years, and
4.4 years respectively [31]. Furthermore, 30 out of 31
patients included in a published report required sys-
temic medication to control the disease [26, 31]. Other
expanded manifestations of BS/EOS are fever, pneu-
monitis, bronchial granulomas, hepatosplenomegaly,
hepatic granulomas, sialadenitis, erythema nodosum,
leukocytoclastic vasculitis, transient neuropathies,
arterial hypertension, pericarditis, pulmonary embo-
lism, granulomatous glomerular and interstitial
nephritis, and chronic renal failure [21]. Expanded
manifestations beyond the classical triad were observed
in 52% patients [31]. Neurologic involvement is infre-
quent in BS/EOS. Typical central nervous system mani-
festations seen in adult sarcoidosis, namely meningeal
and white matter disease have not been described in
Blau until 2021 [21, 32].
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Ophthalmic manifestations of sarcoidosis

and ocular sarcoidosis

Ophthalmic manifestations of sarcoidosis affect virtually
any part of the eye and its adnexa. The most common
form includes uveitis (anterior, intermediate, posterior)
and conjunctival granuloma. The former may lead to
significant visual disability, whereas the latter is usually
asymptomatic. Other ophthalmic manifestations of sar-
coidosis consist of dacryoadenitis, orbital inflammation,
eyelid granuloma, madarosis, poliosis, keratitis, and optic
neuritis [33].

Coulon et al. reported that among 194 adult patients
with biopsy-proven and presumed uveitis only 9% had
additionally other ocular involvement, including con-
junctival node (2%), scleritis (1%), episcleritis (1%), optic
neuropathy (5%), dacryoadenitis (0,5%) [34].

Ocular sarcoidosis might thus globally refer to any
inflammation of the eye and its adnexa [4] and can be
divided in ocular surface, intraocular (uveitis), adnexal,
orbital and neuro-ophthalmological manifestation. How-
ever, as mentioned above, in this review, ‘ocular sarcoido-
sis’ follows nomenclature used in the cited studies and
practically refers to sarcoidosis-associated uveitis.

Ocular sarcoidosis as well as systemic sarcoidosis
show some differences among the ethnic groups. Sys-
temic involvement of sarcoidosis is more frequent in
North Africans than in White Europeans, who show a
higher frequency of isolated ocular involvement at onset
and during follow-up [34]. Anterior uveitis is more fre-
quent in Afro-Caribbeans (59.1%) [34]. Caucasian sarcoid
uveitis patients are older at presentation (48 vs 41 years;
P=0.009) and have less granulomatous anterior uvei-
tis (26.4% vs 51.7%; P<0.001) [35]. Afro-Caribbeans and
North Africans have first ocular manifestation of the
disease earlier than White Europeans (p <0.001), respec-
tively 34.3, 43.1 and 57.8 years [35].

Uveitis
Adults
Features of sarcoidosis-associated uveitis are included
in numerous cohort studies [7, 36, 37] as well as in the
international diagnostic criteria such as revised diagnos-
tic criteria of ocular sarcoidosis by IWOS (Table 1) [7]
and criteria for sarcoidosis-associated uveitis by Stand-
ardization of Uveitis Nomenclature (SUN) Working
Group [38] (Table 2). Characteristics and common fea-
tures of sarcoid uveitis in adults are presented in Table 3
which include the biggest recent ophthalmologic studies
in adult patients with sarcoidosis.

Uveitis in adults presents typically as a bilateral and
chronic disease. It is predominantly either panuveitis
(8—67%) or anterior uveitis (20-52%) and it varies among
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Table 1 Revised International Workshop on ocular sarcoidosis (IWOS) criteria for the diagnosis of ocular sarcoidosis (OS)’, published in
2019

. Other causes of granulomatous uveitis must be ruled out
Il Intraocular clinical signs suggestive of OS
1. Mutton-fat keratic precipitates (large and small) and/or iris nodules at pupillary margin (Koeppe) or in stroma (Busacca)
2. Trabecular meshwork nodules and/or tent-shaped peripheral anterior synechia
3. Snowballs/string of pearls vitreous opacities
4. Multiple chorioretinal peripheral lesions (active and atrophic)
5. Nodular and/or segmental periphlebitis (+ candle wax drippings) and/or macroaneurysm in an inflamed eye
6. Optic disc nodule(s)/granuloma(s) and/or solitary choroidal nodule
7. Bilaterality (assessed by ophthalmological examination including ocular imaging showing subclinical inflammation)
ll. Systemic investigation results in suspected OS
1. Bilateral hilar lymphadenopathy (BHL) by chest X-ray and/or chest computed CT scan
2. Negative tuberculin test or interferon-gamma releasing assays
3. Elevated serum ACE
4. Elevated serum lysozyme
5. Elevated CD4/CD8 ratio (> 3.5) in bronchoalveolar lavage fluid
6. Abnormal accumulation of gallium-67 scintigraphy or 18F-fluorodeoxyglucose positron emission tomography imaging
7. Lymphopenia
8. Parenchymal lung changes consistent with sarcoidosis, as determined by pulmonologists or radiologists
IV. Diagnostic criteria
Definite OS: diagnosis supported by biopsy with compatible uveitis

Presumed OS: diagnosis not supported by biopsy, but BHL present with two intraocular signs
Probable OS: diagnosis not supported by biopsy and BHL absent,but three intraocular signs and two systemic investigations selected from two to eight
are present

Reproduced from Br J Ophthalmol., Mochizuki M, et al., 103(10):1418-22, copyright 2019 with permission from BMJ Publishing Group Ltd

Table 2 The criteria for sarcoidosis-associated uveitis by Standardization of Uveitis Nomenclature (SUN) Working Group™, published in
2021

1. Compatible uveitic picture, either
a. Anterior uveitis OR
b. Intermediate or anterior/intermediate uveitis OR
¢. Posterior uveitis with either choroiditis (paucifocal choroidal nodule(s) or multifocal choroiditis) OR
d. Panuveitis with choroiditis or retinal vascular sheathing or retinal vascular occlusion
AND
2. Evidence of sarcoidosis, either
a. Tissue biopsy demonstrating non-caseating granulomata OR
b. Bilateral hilar adenopathy on chest imaging
Exclusions
1. Positive serology for syphilis using a treponemal test
2. Evidence of infection with Mycobacterium tuberculosis® either
a. Histologically- or microbiologically-confirmed infection with M. tuberculosis?OR
b. Positive interferon-Y release assay (IGRA)“ OR
c. Positive tuberculin skin test?

Reprinted from Am J Ophthalmol. 228, Standardization of Uveitis Nomenclature Working G. Classification Criteria for Sarcoidosis-Associated Uveitis. p: 220-30.,
Copyright 2021, with permission from Elsevier

? Routine exclusion of tuberculosis is not required in areas where tuberculosis is non-endemic but should be performed in areas where tuberculosis is endemic or in
tuberculosis-exposed patients. With evidence of latent tuberculosis in a patient with a uveitic syndrome compatible with either sarcoidosis or tubercular uveitis and
bilateral hilar adenopathy, the classification as sarcoid uveitis can be made only with biopsy confirmation of sarcoidosis (and therefore exclusion of tuberculosis)

b E.g. biopsy, fluorochrome stain, culture, or polymerase chain reaction based assay
¢ E.g. Quantiferon-gold or T-spot
9 E.g. Purified protein derivative (PPD) skin test; a positive result should be > 10 mm induration
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the studies. Intermediate uveitis is less frequent (3—19%)
and isolated posterior uveitis is rare (4—29%) [34, 38—40].

Anterior segment inflammation is granulomatous in
48-60% [34, 35, 40]. The presence of mutton-fat ker-
atic precipitates (Fig. 1A) and/or iris stromal nodules is
observed in up to 46% of patients [39, 40]. 27% of patients
with sarcoid uveitis present also with posterior syne-
chiae [38]. Additional features of anterior sarcoid uveitis
include trabecular meshwork nodules and tent-like ante-
rior synechiae, which can be observed in 18% and 35% of
patients respectively [39].

Although intermediate uveitis is not frequent, vitreous
involvement is often observed with snowballs or string of
pearls in 17-50% of patients [38, 39].

The most common manifestation of sarcoid-associated
uveitis in the posterior segment is multifocal choroiditis
(Fig. 1B) followed by retinal vascular sheathing/periphle-
bitis (Figs. 1C and 2A, B) and rarely choroidal or optic
disc granuloma (Fig. 1D) (Table 3).

Children>5 years
The available data concerning children is very limited. In
Table 3 most recent and largest studies were included.
Among the published data, in the last 12 years only three
studies present each more than 5 pediatric patients with
detailed description of ocular involvement in sarcoidosis.
The paucity of data allows only for preliminary con-
clusions. Granulomatous anterior uveitis is present in
23-31% of pediatric patients above 5 years old. One
study indicates non-granulomatous anterior uveitis as
more prevalent in children than granulomatous anterior
uveitis [41]. Inflammation in the anterior segment is the
most frequent manifestation (77%), followed by panuvei-
tis [42] in the European population (France). However,
in a multi-ethnic Asian population (Singapore) sarcoido-
sis-associated panuveitis is the most frequent (63%),
followed by posterior uveitis [43]. As in adults, multifo-
cal choroiditis and periphlebitis are the most prevalent
forms of posterior segment involvement [41].
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Children <5 years

Multicenter studies on patients with Blau syndrome
reported a 76-81% prevalence of ocular involvement
(with bilateral disease in 96—97% of patients) [26, 31].

The typical ocular presentation in Blau syndrome is
bilateral panuveitis observed in 43—-85% of patients [26]
(Table 3) (Fig. 3). Anterior uveitis occurred in 14-33%
of patients. Intermediate and posterior uveitis, as pre-
dominant sites of inflammation, were not noticed. Some
patients present with mutton-fat keratic precipitates
[44] and some with nummular corneal infiltrates, white
when new and active, almost transparent when inactive
(Fig. 3A and B). Sarens et al. reported that chorioretinal
disease, optic disc involvement and macular edema were
observed at baseline in 39%, 29%, and 11% of patients
respectively [26].

Available studies show that uveitis in Blau syndrome
is resistant to anti-inflammatory treatment [26]. Despite
treatment with local steroids and systemic immunosup-
pressive agents, Sarens et al. did not observe any statis-
tically significant decrease in inflammation over a 3-year
follow-up period [26]. Furthermore, in addition to pos-
terior segment inflammation, complications related to
anterior segment involvement led to significant ocular
morbidity [26]. The authors of the study reported the
prevalence of band keratopathy, posterior synechiae, and
cataracts as 21%, 45% (Fig. 3C), and 55% respectively [26].

Differential diagnosis

Adults

Differential diagnosis depends largely on the uveitis pres-
entation, especially the main site involved.

For the most typical presentation of sarcoidosis, bilateral
granulomatous posterior/panuveitis (Table 3), the main dif-
ferential diagnosis includes tuberculosis and syphilis.

Some posterior presentations of sarcoidosis can
resemble Birdshot, APMPPE, recurrent VKH, sympa-
thetic ophthalmia, intraocular lymphoma or tubuloint-
erstitial nephritis and uveitis (TINU) syndrome [45].

Fig. 1 Anterior and posterior uveitis findings in adult patients with definite or presumed ocular sarcoidosis. A Color photography of granulomatous
keratic precipitates type mutton-fat in patient with definite ocular sarcoidosis proven by biopsy from lacrimal gland. B Color fundus photography
of multifocal choroiditis in the left eye of a patient with definite ocular sarcoidosis proven by biopsy of cervical lymph nodes. C Fundus color
photography showing periphlebitis with perivenous sheating and retinal hemorrages in a patient with presumed sarcoidosis. D Color fundus
photography of choroidal granuloma in the left eye of a patient with definite ocular sarcoidosis proven by biopsy of intrathoracic lymph nodes

and lung. E Fundus color photography showing peripheral chorioretinal lesions in a patient with presumed sarcoidosis
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Fig. 2 Multimodal imaging of posterior uveitis in a patient

with presumed ocular sarcoidosis. The vasculitis might normally
barely be seen in that particular case and is strongly highlighted

by the fluorescein angiogram. A Color fundus photography of the left
eye showing hyperemic optic disc and barely visible vasculitis. Black
arrows: barely visible vasculitis. B Fundus fluorescein angiography

of the left eye showing hot disc and active vasculitis (C) Indocyanine
green angiography of the left eye showing hypocyanescent spots

Other causes of granulomatous uveitis may also be
included especially in cases of atypical presentations or
in immunocompromised patients: toxoplasmosis, lyme,
cat scratch disease, cryptococcosis (in immunocompro-
mised patients) or even endophthalmitis [46].

Rarely sarcoid uveitis can have less typical presenta-
tions eg. unilateral (16%) [39] or non-granulomatous,
which will then open up the differential diagnosis to
include other conditions such as viral uveitis in case of
unilateral granulomatous anterior uveitis.

Non-caseating granuloma remains a histopathologi-
cal hallmark for sarcoidosis and is included in diagnostic
criteria of definite ocular sarcoidosis [7] and sarcoidosis-
associated uveitis [38]. However, caseation in the granulo-
mas in sarcoidosis can also occur, which may complicate
differential diagnosis with tuberculosis [47, 48],

Children>5 years

The typical presentation of ocular sarcoidosis in this age
group is bilateral anterior uveitis, which can be either
granulomatous or non-granulomatous (Table 3.)

In case of anterior granulomatous as well as non-
granulomatous uveitis, juvenile idiopathic arthritis (JIA)
should be considered in the differential diagnosis. Indeed,
although granulomatous uveitis in JIA really makes you
wonder about the diagnosis, at least two papers mention
that JIA-associated uveitis can be granulomatous [49, 50].
Furthermore, uveitis in sarcoidosis can also present as
non-granulomatous anterior uveitis [41].

Also, TINU, although known mainly as anterior non-
granulomatous uveitis, can present as granulomatous
uveitis with subclinical choroidal involvement [45].

In case of bilateral granulomatous panuveitis/posterior
uveitis, the main differential diagnosis is ocular tuberculosis.

In adolescents, as in adults, syphilis can be considered
in differential diagnosis, although pure choroidal disease
will not be syphilis.

Children <5y

In Blau syndrome, a typical association of uveitis with
arthritis and skin rash can guide the diagnosis. It is worth
noticing that skin involvement and arthritis in EOS dif-
fer from the ones in JIA (previously called JRA) [3]. How-
ever, an BS/EOS patient without joint involvement has
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O 300 ART + OCT 3 (1.7 men) ART (3) & 47 ety

Fig. 3 A pediatric female patient with suspected Blau Syndrome with de novo NOD2 mutation was followed for 10 years (2-12 y.0.). During

the course of the disease, bilateral corneal old and new active subepithelial nummular infiltrates were noted and visualized here on color
photographs of the right eye (A) and (B). The patient also developed bilateral posterior synechiae visualized here on color photograph of the right
eye (C). Her fundus examination revealed bilateral vitritis and multifocal choroiditis with active and inactive peripheral lesions visualized on the left
eye fundus color photography (D, E). Left eye optic disc granuloma, which appeared during relapse on adalimumab, was documented on the OCT
(F) and later on the fundus color photography (G) after vitritis resolution following treatment with infliximab. Several years later, during another
relapse initiated by switching to anakinra treatment, the patient developed Mikulicz's syndrome with enlargement of bilateral lacrimal glands
visualized on (H) color photography and on (1) brain MRI, coronal plane. The disease is now controlled with JAK-1 inhibitor baricitinib. Black arrow:

optic disc granuloma

also been reported [51]. In Blau syndrome, differential
diagnosis with JIA, Behget’s disease, ocular tuberculosis
and ocular sarcoidosis was proposed [27, 28].

Diagnostic modalities

Diagnosis of ocular sarcoidosis recommended by IWOS,
unless biopsy-proven, relies on various clinical and inves-
tigational criteria (Table 1). Most of the studies support-
ing these criteria or other potential sarcoidosis biomarkers
included only adults. In clinical practice, in the absence of
guidelines dedicated for children, the ocular sarcoidosis
adults’ criteria are used also for the pediatric population.
However, literature on ocular sarcoidosis biomarkers in chil-
dren is very scarce or missing. Here, we resume the available
data on systemic imaging modalities and biomarkers for
ocular sarcoidosis relating to adults as well as to children.

Chest X-ray and chest computed tomography (CT) scan
Adults

Chest X-ray and/or chest computed CT scan are the
mainstay imaging examinations in the diagnosis of
granulomatous uveitis. Their role is to detect pulmo-
nary changes characteristic for pulmonary sarcoidosis or

tuberculosis. The findings that can support sarcoidosis
diagnosis are bilateral hilar lymphadenopathy (BHL) and/
or parenchymal lung changes. High resolution CT or CT
with contrast were also described in patients with ocular
sarcoidosis [52, 53].

In diagnosing presumed or probable ocular sarcoidosis,
BHL and parenchymal lung changes are the criteria rec-
ognized by IWOS 2019. Chest X-ray and CT differ not
only in their sensitivity and specificity in detecting this
sarcoidosis related pulmonary features but also in avail-
ability and cost of the examination.

Chest X-ray still plays a role and its biggest advantage
is low cost and availability. Chest X-ray was shown to
be the second, after tuberculin skin test, most contribu-
tory investigation among the first step’s systematic tests
in patients with uveitis. Chest CT was placed among the
second step’s systematic tests in patients with uveitis, and
among these it was a second most often contributory
investigation, after HLA-B27 [54].

Chest CT was shown in many studies to have higher
sensitivity (with similar specificity) in detecting BHL
than chest X-ray. Nevertheless, for diagnosis of ocular
sarcoidosis, even chest radiograph with its sensitivity 68%
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accompanied by specificity 96%, had high enough sensi-
tivity to be considered as sufficient evidence of sarcoido-
sis among patients with uveitis [39]. In the same study,
sensitivity of BHL on chest CT scan in patients with neg-
ative chest radiography results was 73% with high speci-
ficity 95%. Other recent studies showed lower chest X-ray
BHL sensitivities in OS (57,1 -57,6%) (Burger 2021 57,1%,
Niederer RL 2019, 57.6%) with 100% specificity. For com-
parison the chest CT scans BHL sensitivity for OS was
higher and ranged from 85.7% [55] to 98.0% [35] with a
specificity of 95.5%-100% [35, 55].

BHL, either by chest CT scans or chest X-ray, was
found to be the most sensitive investigational finding in
a study evaluating first IWOS ocular sarcoidosis criteria
from 2009 [39].

Interestingly, BHL frequency is shown to significantly
differ in an age-related manner in patients with uvei-
tis associated with sarcoidosis. In Japan, older patients
(>65 years) with OS had BHL detectable in 52% and
younger patients (<65 years) in 78% of cases [56].

CT is also more sensitive in detecting parenchymal
lung changes, another typical manifestation of pulmo-
nary sarcoidosis [57]. Parenchymal lung changes consist-
ent with sarcoidosis, as determined by pulmonologists or
radiologists, is one of the revised IWOS criteria for sus-
pected OS.

Parenchymal lung changes seen in chest CT scans
can be seen both in sarcoidosis and tuberculosis. In one
study, parenchymal involvement among patients with
uveitis was observed more frequently in patients with
tuberculosis than with presumed sarcoidosis [58]. Allegri
et al. reported that among adult patients with definite
and presumed ocular sarcoidosis, HRCT showed purely
parenchymal involvement in 40% of patients and in 13,2%
parenchymal involvement was combined with hilar and/
or mediastinal lymphadenomegaly [40].

Children > 5 years and < 5 years

The sensitivity and specificity of various findings in chest
imaging modalities in diagnosis of ocular sarcoidosis in
children or in Blau syndrome is unknown.

However, in children of mean age 13 years with all
types of sarcoidosis, bilateral hilar lymphadenopathy was
shown to be the most frequent chest X-ray manifestation
(78%) [1] Parenchymal involvement with or without BHL
was less frequent (16%) [1]. Also, in contrast, enhanced
chest CT in children with pulmonary sarcoidosis hilar/
mediastinal lymphadenopathy was the most common
finding [59].

In one study, among 13 children (median age 12 years
old) with sarcoidosis-associated uveitis, none of the
3 patients with definite, biopsy-proven sarcoidosis in
whom chest X-ray was performed, had chest X-ray

(2023) 13:41

Page 10 of 22

consistent with sarcoidosis [41]. In the same study, 5
patients (39%) had X-ray consistent with sarcoidosis, and
were classified as presumed or probable sarcoidosis fol-
lowing criteria established by authors [41].

In Blau syndrome, pulmonary involvement with inter-
stitial lung disease (ILD) is rare but can occur [31, 60].
The studies do not specify presence of BHL in Blau syn-
drome, although generalized lymphadenopathy was
observed in 52% of patients with Blau syndrome in one
study [31].

Conclusion chest X-ray and chest computed tomography (CT)
scan

Both chest X-ray and chest CT scan play an important
role in detecting BHL and parenchymal lung changes that
can support diagnosis of suspected ocular sarcoidosis in
adults. They were proven to be the most sensitive investi-
gations supporting diagnosis of OS in adults. In children,
who have more often extrapulmonary sarcoidosis, there
is no comparative data on chest X-ray and chest CT scan
contribution to diagnosis of ocular sarcoidosis.

18F-fluorodeoxyglucose positron emission tomography
imaging (FDG PET CT) and gallium-67 scintigraphy

Adults

18F-fluorodeoxyglucose positron emission tomography
(FDG PET CT) and Gallium-67 scintigraphy are nuclear
medicine imaging methods that use radiopharmaceu-
ticals (FDG) or radioactive isotopes to detect increased
inflammatory activity. 18F-fluorodeoxyglucose positron
emission tomography indicates increased glucose uptake
by macrophages and lymphocytes which indicates active
sites of inflammation [61].

Although FDG PET CT has gained much more atten-
tion in the research in the last decade it is still not eas-
ily accessible everywhere, where Gallium-67 scintigraphy
can still have its place. FDG PET CT advantages over
Gallium-67 scintigraphy are increased contrast and reso-
lution [62]. FDG PET CT was also shown to detect more
pulmonary than non-pulmonary [63] or extra thoracic
[64] sarcoidosis lesions than 67 Ga citrate scintigraphy.

Neither FDG PET CT nor Gallium-67 scintigraphy is
recommended in standard systemic sarcoidosis workup.
However, in cardiac sarcoidosis FDG PET CT is a second
choice in a lack of cardiac MRI [61, 65].

Both Gallium-67 scintigraphy and 18F-fluorodeoxy-
glucose positron emission tomography are included in
revised criteria for ocular sarcoidosis IWOS.

FDG PET CT’s main advantage is that it is a sin-
gle whole-body examination that can detect various
extrapulmonary sites of sarcoidosis [66]. In FDG PET CT
and in Gallium-67 scintigraphy lambda sign and panda
signs are used as characteristic signs [67, 68] for diagnosis
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of sarcoidosis. Moreover, other sites of FDG intake can
also be helpful for diagnosis by indicating locations for
accessible biopsies [66, 69] (Fig. 4A, B).

Opinions vary concerning the utility of FDG PET CT
in ocular sarcoidosis in adults. Chauvelot et al., showed
that FDG PET CT enabled the diagnosis of intraocular
sarcoidosis even in patients with a normal CT scan [70].
However, Burger et al., did not observe additional benefit
of FDG PET CT over chest CT in diagnosing suspected
OS [55].

FDG PET CT'’s sensitivity and specificity for ocular
sarcoidosis are respectively 85.7% and 95.5%. Positive
and negative predictive values for FDG PET CT for
ocular sarcoidosis were also calculated to be 85.7% and
95.5% [55].

As far as gallium-67 scintigraphy is concerned, there
is considerably less data related to ocular sarcoido-
sis. The combination of elevated ACE and a positive
67GA scan increased the diagnostic specificity to
100% without affecting sensitivity (73%) in patients
with suspected ocular sarcoidosis and normal chest
radiographs [71].

Children > 5 years

FDG PET CT in pediatrics is a valuable diagnostic tool
for fever of unknown origin (FUO) [72] leading to final
diagnosis mostly of inflammatory (43%) or infectious
(23%) origins, followed by malignancies (11%) [73]. FDG
PET CT can also detect other granulomatous diseases
such as intrathoracic and extra thoracic tuberculosis in
children [74].

In children, a variety of strategies are possible to reduce
the radiation dose while ensuring image quality [75].
These include CT attenuation correction and patient
preparation.

Using ultra-low dose protocols in total body FDG PET
CT is possible in children and should have special atten-
tion. Recently an ultra-low dose infection imaging using
FDG PET CT was reported to be performed without
sedation even in a newborn [76].

In diagnosing bilateral uveitis of undetermined ori-
gin in children, FDG PET/ ultra-low dose CT provided
important information for final diagnosis in 30% patients
[69]. In this study, for three pediatric patients the extra
thoracic FDG intake showed biopsy accessible sites
(cervical, axillary or inguinal lymph nodes) and led in 2
patients to biopsy proven, PET-CT guided ocular sar-
coidosis (Fig. 4).

Children < 5 years
No studies were found on FDG PET CT in patients with
Blau syndrome.
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Fig. 4 Whole body 18F-FDG PET/ ultra low dose CTina 11 year-old
patient revealed abnormal 18F-FDG uptake not specific for an active
granulomatous disease. A left axillary lymph node was biopsied

and definite ocular sarcoidosis was diagnosed. A FDG PET/CT Fusion
Coronal View. B FDG PET coronal view. Red and black arrows: Low
hypermetabolic axillary bilateral lymph nodes

Conclusion 18F-fluorodeoxyglucose positron emission
tomography imaging (FDG PET CT) and gallium-67
scintigraphy

FDG PET CT and Gallium-67 scintigraphy have their
place in diagnosing OS and abnormal intake and these
imaging modalities are among the revised 2019 IWOS
criteria in adults. In children, who have more often extra
thoracic sarcoidosis presentations, a single whole body
FDG PET/ ultra-low CT could be useful for final diagnosis
in indeterminate uveitis as it can indicate places accessible
for biopsy that are out of scope of thoracic CT. Nowadays,
many strategies can be used to reduce the radiation dose,
including PET/CT with ultra-low dose CT protocol which
should be of special consideration in children.

CD4/CD8 ratio (>3.5) in bronchoalveolar lavage fluid
Adults
Systemic sarcoidosis diagnosis is supported by a CD4/
CD8 ratio>3.5 and lymphocytosis>15% in bronchoal-
veolar lavage (BAL) fluid. However, BAL lymphocyto-
sis alone is not specific for sarcoidosis as it is present in
many other disorders, including hypersensitivity pneu-
monitis, nonspecific interstitial pneumonitis, or organ-
izing pneumonia [77, 78]. Using CD4/CD8 ratio>3.5
increases specificity for sarcoidosis to 93-96% but still
does not have high sensitivity (53 to 59%).

Other authors cited by Kraaijvanger et al. showed a
wider range of BAL CD4/CDS8 ratio sensitivity (54—80%)
with lower specificity (59—80%) [62].
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In revised IWOS criteria, elevated CD4/CD8 ratio
(>3.5) in bronchoalveolar lavage fluid (BAL) was recog-
nised as one of systemic investigations for diagnosing
suspected ocular sarcoidosis. The sensitivity and specific-
ity of CD4/CD8 ratio (>3.5) in BAL in diagnosing ocular
sarcoidosis was not reported in the literature. However,
there are studies showing its importance in diagnosing
ocular sarcoidosis even in patients with normal chest
imaging [79] including high-resolution computed tomog-
raphy (HRCT) [80]. Another study showed that positive
BAL findings were present in 67.3% of adult patients with
definite and presumed ocular sarcoidosis [40].

Children > 5 years and < 5 years
In children as well as in adults, BAL can be performed
under sedation and topical anesthesia and using flexible
bronchoscopy [81]. However, serial BAL is not routinely
recommended in pulmonary sarcoidosis in children in
whom BAL lymphocytosis does not correlate with dis-
ease activity and treatment response [3].

There is no data on the utility of CD4/CD8 ratio
(>3.5) in BAL in ocular sarcoidosis in children or in Blau
Syndrome.

Conclusion CD4/CD8 ratio (> 3.5) in bronchoalveolar lavage
fluid

In adults, testing CD4/CD8 ratio (>3.5) in bronchoalve-
olar lavage fluid (BAL) can be considered in diagnosing
suspected ocular sarcoidosis, as stated in revised IWOS
criteria. However, its character needing at least sedation
and topic anesthesia do not place it as a first-choice diag-
nostic examination. Furthermore, in children, it can be
even less recommended due to lack of data regarding its
utility in ocular sarcoidosis.

Serum Angiotensin Converting Enzyme (sACE)
Adults
ACE, studied in sarcoidosis since 1975, is the best-known
serum biomarker in this disease. Serum ACE is an acid
glycoprotein converting angiotensin I into angiotensin
II. In the context of sarcoidosis ACE is produced by acti-
vated alveolar macrophages and correlates with granulo-
mas burden [62]. Elevated sACE is also observed in ocular
sarcoidosis, although no correlation was found between
activity of sarcoidosis-associated uveitis and ACE [82].
Elevated sACE is one of the eight IWOS systemic
investigations recommended as criteria for probable ocu-
lar sarcoidosis. However, it is not needed for definite or
presumed ocular sarcoidosis (IWOS criteria 2019) nor
for SUN Criteria for Sarcoidosis-Associated Uveitis) (7,
38]. sACE, as a sarcoidosis biomarker, is also mentioned
among recent criteria of probable systemic sarcoidosis
recommended by American Thoracic Society [65].
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Elevated levels of SACE can be found not only in sar-
coidosis but also in several other diseases, among which
some can also have ocular manifestations eg. tuberculo-
sis, leprosy, diabetes mellitus and histoplasmosis. SACE
levels can be influenced by ACE inhibitors, corticoster-
oids use and cigarette smoking [33, 62, 83].

Notably, it was recently shown that genotype influences
the sACE levels and some researchers advise to take ACE
gene polymorphism into account while interpreting nor-
mal sACE levels for individuals. Taking into account the
insertion (I)/deletion (D) polymorphism in the ACE gene
can influence interpretation of 8,5% of measurements by
either elevating or normalizing ACE values in patients
with confirmed or suspected systemic sarcoidosis [84].

Sensitivity and specificity of sACE in ocular sarcoidosis
varies among the studies. However, all recent studies are
compatible with the fact that SACE has lower sensitivity
than specificity, with sensitivity 48% and specificity 96%
[50, 53, 83, 85, 86]. sSACE had positive predictive value
(PPV) of 44.9% and negative predictive value (NPV)
89.2% in diagnosing sarcoid uveitis [85].

To increase the sensitivity of SACE as a biomarker in
ocular sarcoidosis, the combination with other biomark-
ers was tested leading to better sensitivity while keeping
high specificity. The combinations of sACE and chest
radiography, lymphopenia or sIL2R were studied and
showed the following changes in sensitivity of combined
examinations vs sensitivity of SACE alone. Combination
of SACE and chest radiography showed increase of sen-
sitivity (70% vs 30%) [82] as well as combination of sSACE
and sIL2R (75.0% vs 44.2%) [87]. Combination of sACE
and lymphopenia showed an increase of sensitivity to
18.9% when compared with sensitivity of lymphopenia
alone (15.3%) but showed a decrease in sensitivity when
compared with sensitivity of sACE alone (45.8%) [85].

The standard cut off value of sACE for adults is 68 U/L.
However, the optimal cutoff point for sACE levels in
the population with uveitis was calculated to be 51 U/L
[82]. The normal standard values may vary among the
regions eg. in Japan standard sACE normal range is 7.0—
25.0 IU/L [88] with recent proposition to change the cut-
off value to 17.7 IU/L which would increase sensitivity of
detecting sarcoidosis to 67.0% in Japan [88].

In a recent study of ocular sarcoidosis patients, the
mean serum levels of ACE were 49.17 £29 IU/L versus
27.4+15.34 IU/L in the control group of non-granuloma-
tous (i.e., non-sarcoidosis) uveitis patients [50].

Children > 5 years and < 5 years

Although, there is no study that determines sensitivity or
specificity of sACE in children with ocular sarcoidosis,
this biomarker is used in pediatric clinical practice. From
a study in Louisiana on childhood sarcoidosis (n=27) we



Bazewicz et al. Journal of Ophthalmic Inflammation and Infection

know that ACE was elevated in 74% of sarcoidosis pedi-
atric patients and among all patients in the study 77%
children had uveitis [20]. Another study showed that
among 13 children with probable, presumed, or definite
sarcoidosis, 6 patients had elevated ACE levels [41].

In the 1980s, Baarsma and co found that ACE were age
dependent [89]. In accordance with this finding, nowa-
days pediatric SACE normal values are (29-112 U/I) and
they differ from those used for adults (20-70 U/I) [50].

In one study, all (n=9) pediatric patients diagnosed
with sarcoidosis-associated uveitis had elevated ACE
levels [42].

Conclusion serum Angiotensin Converting Enzyme (sACE)
sACE is a biomarker used in ocular and systemic sar-
coidosis in adults and children. It is among the revised
IWOS criteria for diagnosing suspected sarcoidosis. Its
sensitivity in ocular sarcoidosis is not very high but it can
be increased if combined with other diagnostic tests. The
recent studies show that ACE gene polymorphism can
affect the interpretation of sACE normal values. In chil-
dren ACE normal values are higher than for adults. There
are few studies reporting ACE in pediatric systemic or
ocular sarcoidosis.

Serum lysozyme

Adults

Lysozyme is a bacteriolytic enzyme, a part of innate
immunity. It degrades peptidoglycans that are mostly
present in the walls of gram positive bacteria. In sar-
coidosis, lysozyme is produced by monocyte macrophage
systems and epithelioid cells, and is involved in granu-
loma formation [62].

In ocular sarcoidosis, elevated serum lysozyme has
been among the diagnostic criteria indicated by IWOS
since 2006 and in the reviewed 2019 IWOS criteria it is
even stated as a criterion separate from ACE. However,
in the systemic sarcoidosis criteria of American Thoracic
Society from 2020 [65] lysozyme is not mentioned among
the criteria.

The frequency of elevated lysozyme in sarcoidosis
patients varies among the studies, 18,8% [90]—79,1%
[91] and its level correlates with the number of organs
involved [91]. In ocular sarcoidosis (biopsy-proven or
BHL positive or suspected) lysozyme levels were shown
to be elevated in 59,4% of patients [50]. Both lysozyme
and ACE were elevated in 24,3% patients and ACE alone
was elevated in only 5,4% of patients [50]. Another study
showed that 61% of patients with ocular sarcoidosis
(biopsy-proven or BHL positive) had elevated sACE or
lysozyme or both [39].

Moreover, similarly to systemic sarcoidosis [91] in
ocular sarcoidosis there is a correlation between serum
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lysozyme levels and disease burden [92]. In ocular sar-
coidosis, lower lysozyme levels were observed in patients
with biopsied sub-centimetric mediastinal lymph nodes
in comparison to patients that had bigger (>1 cm) lymph
nodes [93].

Rarely lysozyme can be elevated in ocular infections
but it was not elevated in autoimmune ocular disorders
other than presumed ocular sarcoidosis. Serum lysozyme
was found to be rarely elevated in presumed latent ocular
tuberculosis or presumed latent syphilis [94]. However,
it was not elevated in patients with ocular involvement
of other autoimmune diseases such Behcet’s disease and
ankylosing spondylitis [94].

In ocular sarcoidosis, lysozyme has a sensitivity of
83.7% and a specificity of 90% [50], which contrasts with
sACE'’s low specificity. The authors of this recent study
concluded that lysozyme was found to be more useful
than ACE as a laboratory test to support the diagnosis of
ocular sarcoidosis [50].

Normal lysozyme values are 9.6—-17.1 mg/L for all ages
and mean serum lysozyme levels was 39.92+55.5 mg/L
in the ocular sarcoidosis group versus 10.5+5.8 mg/L
(»<0.0013) in the control group (n=30) [50].

Children > 5 years and < 5 years
There are no studies stating lysozyme sensitivity and
specificity in ocular sarcoidosis in children. In one study,
among 13 children with probable, presumed, or definite
sarcoidosis 5 patients had elevated lysozyme levels [41].
Serum lysozyme normal values in children are the
same as for adults (9.6—17.1 mg/L) [50], although initially
reported in the 80 s to be age dependent in ocular sar-
coidosis [89].

Conclusion serum lysozyme

Serum lysozyme is among systemic investigations criteria
for diagnosing probable OS according to revised IWOS.
It has high sensitivity in diagnosing OS and some studies
find it even more useful than sACE. It was shown to be
elevated in some pediatric patients with OS.

Lymphopenia
Lymphopenia or lymphocytopenia is the blood lympho-
cyte count below an age-appropriate reference.
Lymphopenia can occur in many conditions and among
them are: steroid therapy, autoimmune disorders like
lupus erythematosus, infectious diseases like tubercu-
losis, AIDS and viral hepatitis. Significant lymphopenia
(below 1000 cells/uL) was shown to be an independent
predictor of sarcoidosis in new patients presenting with
uveitis [95].
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In IWOS 2019 criteria lymphopenia (<1000 cells/uL)
was added among the diagnostic criteria of ocular sar-
coidosis, as the peripheral blood lymphocyte count is a
simple, non-invasive test that is readily performed in
patients with uveitis (IWOS 2019).

Lymphopenia was observed in 35.1% patients with ocu-
lar sarcoidosis in a German study [86] as well as in 26.8%
patients with sarcoidosis-associated uveitis in the UK [95].

Although, different laboratories may have slightly dif-
ferent normal values, in many publications the normal
lymphocyte count in adults is 1000 to 4800/mcL (1 to
4.8x10°/L) and in children younger than 2 years 3000
to 9500/mcL (3 to 9.5x10°/L) [96]. For children aged
6 years, lymphopenia is recognized if lymphocyte count
is less than 1500/mcL (1.5x 10°/L). The range of normal
lymphocyte values in teenagers (12-18y) approach adults’
norms (1,1—4.5x 10°/L) [97] but should be verified with
local laboratory values. Notably, some authors distin-
guish severe lymphopenia < 1000/mcL (< 1,0x 10°/L) and
relative lymphopenia < 1500/mcL (< 1,5x 10°/L) [98].

Sensitivity of lymphopenia as a biomarker in diagnos-
ing uveitis can vary and can depend on the choice of lym-
phocyte cut-off value. There are two recent studies that
calculated sensitivity and specificity of lymphopenia in
diagnosing sarcoid uveitis but the results differ. When
considering the cut-off value of severe lymphopenia
(<1,0x10°/L), the lymphopenia sensitivity in diagnos-
ing sarcoid uveitis was low (15.3%) with high specificity
(96.7%) [85]. However, in another study a cut-off value
close to relative lymphopenia (< 1.47 x 10°/L) gave higher
sensitivity (75%) with lower specificity (77%) [82]. In the
latter study, authors justify the choice of lymphocyte cut-
off < 1.47 x 10°/L with the highest Youden index, a marker
of the performance of a diagnostic test, for diagnosing
sarcoidosis-associated uveitis.

In children > 5 years and < 5 years

There is no study showing the frequency of lymphope-
nia in children with ocular sarcoidosis or with patients
with Blau syndrome.

Conclusion lymphopenia

Lymphopenia is of importance in diagnosing suspected
ocular sarcoidosis and can be detected by a simple and
routinely done blood test. It is one of the criteria in
revised IWOS for probable OS in adults. There is no data
concerning the role of lymphopenia in diagnosing OS in
children or in Blau syndrome.

Serum Soluble Interleukin 2 Receptor (sIL2R)

sIL2R is a circulating form of membrane receptor for
IL2 which is shed from the surface of activated Thl
cells. Activated Th1 cells are involved in formation and

(2023) 13:41

Page 14 of 22

perpetuation of granuloma [62] including those sar-
coidosis-associated. Elevated sIL2R is not specific for sar-
coidosis and can also be present in other granulomatous
diseases, hematological malignancies, and various auto-
immune disorders [62].

sIL2R has been studied as a potential biomarker in sys-
temic sarcoidosis. However, its role is not yet well estab-
lished and is not mentioned in the diagnostic guidelines
for lung sarcoidosis [65]. sIL2R was neither included in
the reviewed IWOS ocular sarcoidosis criteria as it was
not used widely enough at the time [7]. However, there
is accumulating data supporting the diagnostic value of
sIL2R in ocular sarcoidosis.

sIL2R was found to be elevated in 69,2% [87]- 76.2%
[86] patients with ocular sarcoidosis. sIL2R can be ele-
vated also in 5.4% patients without sarcoid uveitis and
in 16.7% of patients with primary intraocular lymphoma
(PIOL) [87]. Another study found that serum sIL-2R lev-
els can be elevated in patients with HLA-B27-associated
and varicella-zoster virus—associated uveitis, however,
with serum sIL2R levels lower than in sarcoidosis-associ-
ated uveitis [82].

Recently, several studies evaluating sensitivity and/or
specificity of sIL2R in ocular sarcoidosis diagnosis have
been published. Two of them showed high specificity of
sIL2R in ocular sarcoidosis in the Japanese population
[53, 87]. sIL2R sensitivity in ocular sarcoidosis diagnosis
ranged from 69.2% [87] to 76.4% [53] and specificity from
93.0% [87] to 93.8% [53]. The third study showed sIL2R
sensitivity of 70.6% in definite and presumed ocular sar-
coidosis in the German population [86]. Interestingly,
an earlier German study, considering not only definite,
presumed, but also probable and possible OS, showed
sIL2R sensitivity of 98% and specificity of 94% [99]. All
these data suggest that sIL2R shows higher sensitivity
and specificity in ocular sarcoidosis diagnosis than sACE.

Measurements of Youden index were performed in
some recent studies in ocular sarcoidosis. Youden index
of sIL2R (0.70) in Japanese population was higher than
for other biomarkers in ocular sarcoidosis eg. ACE (0.35),
KL-6 (0.26), and calcemia (0.07). The authors suggested
that it can indicate superior utility of sIL2R among
serum biomarkers in diagnosing ocular sarcoidosis [53].
Although the highest Youden index for sIL2R (0.45)
found by the Dutch group was lower than by the Japanese
group, the researchers conclusion was similar underly-
ing the usefulness of sIL2R for diagnosing sarcoidosis in
patients with uveitis [82]. Another earlier European Ger-
man study, including not only definite, presumed but also
probable and possible OS, calculated the Youden index of
sIL2R to be 0,92 [99].

The optimal sIL2R cutoff value in detecting ocular sar-
coidosis found by Dutch researchers was 4000 pg/mL [82]
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and a Japanese group used sIL2R cutoff values > 543 U/mL
[87]. Mean serum sIL-2R levels were 834.5+486.7 U/mL
in patients with sarcoid uveitis, which was higher than in
patients with non-sarcoid uveitis 313.0 +127.7 U/mL [87].
Another group measured average serum sIL-2R levels in
the presumed disease group to be 1325.2 U/mL [86].

Children > 5 years and < 5 years
There are no studies on sIL2 in sarcoidosis nor in ocular
sarcoidosis in the pediatric population.

Conclusion Serum Soluble Interleukin 2 Receptor (sIL2R)

In conclusion, serum sIL2R is a promising biomarker in
ocular sarcoidosis with many recent studies carried out in
adult patients. Several independent groups showed that
the sensitivity of serum sIL2R in diagnosing ocular sar-
coidosis is higher than the sensitivity of SACE. However,
there are no related studies in the pediatric population.

Other potential biomarkers tested in ocular sarcoidosis
Krebs von den Lungen-6 (KL-6)

Krebs von den Lungen-6 (KL-6), which is a mucin-like
glycoprotein produced by pneumocytes or bronchiolar
epithelial cells, was proposed as a marker of pulmonary
cells injury or inflammation. Its elevated serum levels
were found in sarcoidosis but also in idiopathic pulmo-
nary fibrosis and other interstitial lung diseases [62].
KL-6 was tested in the Japanese population as a bio-
marker for ocular sarcoidosis in adults. It showed sensi-
tivity of 26.3% with good specificity (96.2%)[53]. In the
same study it showed lower sensitivity than sIL2R (76,4%)
and ACE (37,7%) but higher than Ca (11,8%).

KL-6 was not tested in children with sarcoidosis nor
with ocular sarcoidosis. There are several studies testing
KL-6 in pediatric pulmonary diseases. One study showed
KL-6 as a useful biomarker for pediatric patients with
connective tissue disease accompanied by interstitial
lung disease [100].

Hypercalcemia

Hypercalcemia occurs in up to 4% of the population in
many health conditions, including sarcoidosis, tubercu-
losis and lymphomas. In systemic sarcoidosis it is pre-
sent in 7-18% patients [77, 101], although in Japan it was
observed even in 35% patients [90]. Hypercalcemia in
sarcoidosis is a result of ectopic production of calcitriol
1,25(OH)2D3 by activated macrophages within granulo-
mas [77].

For diagnosing ocular sarcoidosis in adults in Japan,
elevated calcium (Ca) levels had rather low sensitivity
(11.8%) with good specificity (95.1%)[53].

There are no studies concerning hypercalcemia in
children with ocular sarcoidosis. One case report found
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hypercalcemia useful in diagnosing uncommon onset
sarcoidosis in a 14-year-old child without ocular involve-
ment [102].

Polyclonal antibody

Polyclonal antibody activity testing bases on an obser-
vation that there is a compensatory increase of immu-
noglobulins as a result of decrease of T cell activity in
sarcoidosis. The serologies of four herpesviruses (EBV,
CMV, HSV, VZV) were used to calculate the polyclonal
activation ratio [50].

One study showed that polyclonal antibody testing has
high sensitivity (70%) and specificity (90.4%) in ocular
sarcoidosis [50].

There is no data concerning children with ocular sar-
coidosis and polyclonal antibody activity.

CXCL9 and CXCL10

Several chemokines produced by monocyte-macrophage
cell lineage were shown to be elevated in sarcoidosis and
to play many different roles including T-cell attraction
and promotion of Th1/Th17 differentiation [62].

In diagnosed or suspected ocular sarcoidosis, serum
levels of both CXCL9 and CXCL10 were markedly ele-
vated and correlated with ocular disease activity and
ACE level [103]. Chemokines were also tested in aque-
ous humor in patients with uveitis and it was found that
CXCL13 were significantly higher in granulomatous uve-
itis, including sarcoidosis [104].

There are no further studies concerning sensitivity or
specificity of chemokines in ocular sarcoidosis neither in
children nor in adults.

Liver enzymes

Liver enzymes are not included in the revised IWOS
criteria for diagnosing ocular sarcoidosis, in contrast to
previous criteria from 2009. In sarcoidosis liver involve-
ment was shown to be present in 2.5-11.5% patients [66]
or even up to 35% of patients [77]. However, in ocular
sarcoidosis elevated hepatic enzymes were rarely present,
only in 5% of patients [39].

B-cell activating factor (BAFF)

B-cell activating factor (BAFF) is a cytokine of the TNF
family that plays a vital role in the growth and function of
B cells [62]. Elevated BAFF levels are not specific for sar-
coidosis and have also been found in other immunomod-
ulatory diseases like systemic lupus erythematosus (SLE)
and rheumatoid arthritis (RA) [62].

One study has shown that in sarcoidosis patients
elevated serum BAFF show no significant difference
between patients with anterior uveitis and those without
ocular involvement [105].
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There are no further studies concerning sensitivity or
specificity of serum BAFF in ocular sarcoidosis neither in
children nor in adults.

Serum microRNA (miRNA)

MiRNAs are small noncoding RNAs that regulate gene
expression at the post-transcriptional level and are
among the circulating cell-free nucleic acids released into
the serum/plasma by various tissues and cells [106]. MiR-
NAs were proposed as biomarkers for the diagnosis of
non-infectious uveitis [107].

Very recently miRNA microarrays (GeneChip®) were
used to investigate serum miRNA profiles in patients
with ocular sarcoidosis and patients with intraocular
inflammation that appears typical for patients diagnosed
with ocular sarcoidosis, but in whom the results of labo-
ratory testing do not fulfill the IWOS diagnostic criteria
(suspected ocular sarcoidosis). The study demonstrated a
high overlap of the differential expression of serum miR-
NAs in these two groups of patients [106].

Although it is only one, small and preliminary study that
does not indicate sensitivity and specificity for ocular sar-
coidosis diagnosis, it can open a way to establish diagno-
ses in idiopathic uveitis patients. There are no studies on
serum miRNA in children with ocular sarcoidosis or BS.

Conclusion other potential biomarkers tested in ocular
sarcoidosis
Among other biomarkers tested in ocular sarcoidosis
such as KL-6, hypercalcemia, polyclonal antibody activ-
ity, chemokines,serum BAFF, and serum microRNA. The
latter.

seems most promising, although further studies are
needed. There is no data related to these biomarkers in
pediatric patients with ocular sarcoidosis.

Chitotriosidase and other biomarkers tested in systemic
sarcoidosis but not yet in ocular sarcoidosis

Biomarkers tested in pulmonary sarcoidosis and not yet
in ocular sarcoidosis are: chitotriosidase, serum neuron-
specific enolase (NSE), Serum Amyloid A (SAA), neop-
terin, YKL40, sCD16 and CCL18 [62, 108, 109]. Among
them chitotriosidase is very promising and in some spe-
cialties now often used as a biomarker.

Chitotriosidase is a chitinase involved in defense
against chitin-containing pathogens [110]. The enzyme
has been found elevated in serum and bronchoalveolar
lavage (BAL) of patients with sarcoidosis in compari-
son to patients with other interstitial lung diseases, pul-
monary tuberculosis and healthy controls [111, 112]. In
sarcoidosis patients, chitotriosidase showed higher sen-
sitivity and specificity than other biomarkers, including
angiotensin converting enzyme (ACE), lysozyme and
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soluble IL-2 receptor. It has been found increased in
active sarcoidosis patients [108, 113-116].

Ocular biopsies

Adults

Ocular biopsies can be divided into intraocular biopsies
including vitreous fluid and ocular adnexa biopsies such
as conjunctival biopsy.

Intraocular biopsies are really performed because of its
invasive character. However, it is worth noticing that the
CD4/CDS8 ratio in the vitreous fluid showed high sensi-
tivity (100%) and specificity (96.3%) for the diagnosis of
ocular sarcoidosis in one study [117]. Another multi-
center, prospective study confirmed that vitreous CD4/
CD8 or CD4+ measurements are higher in ocular sar-
coidosis than in other uveitis etiologies [118].

In very rare cases, choroidal or subretinal biopsies in
27-Gauge pars plana vitrectomies are performed [119].
This is limited to atypical, progressing and sight-threaten-
ing lesions where other diagnostic methods were incon-
clusive [120]. A new alternative to histological biopsy of
the uvea for diagnosing ocular sarcoidosis is histological
detection of epithelioid granuloma and epithelioid cells
in liquid-based cytology from vitreous body specimens
and in the cell block procedure from vitreous cell compo-
nents in an intraocular irrigating solution [121].

Conjunctival biopsy is less invasive, however, not com-
monly used. Conjunctival biopsy may be positive in
approximately 50% of patients with sarcoidosis [122]. The
direct data on its sensitivity and specificity in patients
with uveitis were not found. However, there is some data
concerning conjunctival biopsies in patients with uveitis.
One study on a group of 10 patients with ocular find-
ings like those of multifocal choroiditis with panuveitis
showed that non-directed conjunctival biopsy disclosed
non-caseating granulomata in seven of them [123]. In
another study, in patients with uveitis suspected to be
secondary to sarcoidosis, directed biopsy of conjunctival
follicles was found to be positive for sarcoidosis in up to
63% of patients [124].

Furthermore, several studies mention conditions for
increased positive conjunctival biopsy yield in diagnosis
of sarcoidosis. Spaide et al. reported that the conjunctival
biopsy was more likely to be positive in patients with con-
junctival follicles, ocular abnormalities consistent with
sarcoidosis, and in patients with pulmonary infiltrates on
chest X-ray [125]. To increase the positive yield of con-
junctival biopsies it was also recommended to perform
bilateral conjunctival biopsies from multiple levels of the
tissue [122] or to use a multi-plane technique instead of
standard sectioning technique [124].

Conjunctival biopsy is very interesting from a cost-
effectiveness point of view. While positive results of
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conjunctival biopsy were like mediastinoscopy, the cost
of conjunctival biopsy was ten times lower.

Children>5 and < 5 years
The data on conjunctival biopsies in children in sarcoido-
sis is limited to case reports. One case report presented a
10-year-old female patient with conjunctival deposits but
with no other ocular or systemic complaints, in whom
conjunctival biopsies proved systemic sarcoidosis [126].
Another case report showed noncaseating lipogranu-
lomatous subconjunctival nodules as a novel presenting
finding in Blau syndrome in the absence of uveitis [127].
In Blau syndrome, conjunctival biopsies proved con-
junctival granulomas in 2 adults and one 10-year-old
child [44].

Conclusion ocular biopsies

Although highly sensitive and specific for sarcoidosis, the
CD4/CDS8 ratio in the vitreous fluid, can rarely be per-
formed in everyday clinics. Conjunctival biopsy is a mini-
mal invasive and cost-effective examen that should not
be forgotten especially in patients with suspected ocular
sarcoidosis and conjunctival follicles.

Genetic testing

In case of the typical triad of Blau Syndrome (arthritis,
rash, uveitis) genetic testing can be performed not only
in children below 5 years of age but also in older patients.
Although the median age at onset of eye involvement
in Blau Syndrome is 5 years (range 0,5—48 years) [26] in
studies the final diagnosis of Blau Syndrome was made
even in the adults, sometimes proving a long diagnostic
delay.

To diagnose Blau syndrome or EOS, confirmation of
mutation in NOD2 gene is needed and genetic coun-
seling for patients is recommended. Traditionally, Blau
syndrome is recognised if there is a family history of the
disease and EOS if the mutation is sporadic [21]. How-
ever, authors of some recent publications [26—29] use the
name of Blau Syndrome for both familial and sporadic
mutations.

Mutations that are most frequently present in Blau
Syndrome are R334W and R334Q [21, 26] and several
more mutations have been identified in recent years [26,
29, 51, 128, 129]. Mutations in Blau Syndrome are auto-
somal dominant, gain of function mutations.

Diagnosing ocular sarcoidosis with onset in adulthood
does not need genetic testing and is based on interna-
tional criteria (Tables 1 and 2) [7, 38].

The diagnostic criteria for ocular sarcoidosis in chil-
dren are not yet clearly stated.
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Of interest, single nucleotide polymorphisms (SNPs)
in HLA and non-HLA genes are known to be associ-
ated with ocular sarcoidosis. HLA-DRB1*04:01 is known
to be associated with OS in European-Americans [130].
Variants of several non-HLA genes were also shown to be
associated with increased risk of sarcoidosis-associated
uveitis or OS: RAB23, ANXA11 [131] and MAGI1 [130],
CHF [132], HSP-70/Hom [133], IL23R gene [134].

Conclusions

In this article, we review the clinical manifestations, dif-
ferential diagnosis and diagnostic modalities of sarcoido-
sis-associated uveitis/ocular sarcoidosis in adults and
children. We also refer to Blau Syndrome and Early Onset
Sarcoidosis, in which uveitis typically starts in children
under 5 years of age.

Clinical features of sarcoidosis-associated uveitis (SUN
criteria) or ocular sarcoidosis (revised IWOS criteria) are
well studied in adults but data concerning children older
than 5 years is sparse.

In adults and children over 5 years of age ocular sar-
coidosis is typically bilateral with panuveitis or anterior
uveitis as a predominant site of inflammation depend-
ing on the study. Panuveitis is more frequent in Asian
populations and most common in BS/EOS. In adults,
granulomatous uveitis was observed in about half of the
patients, often with mutton-fat keratic precipitates. In
children over 5 years old it is possible that non-gran-
ulomatous uveitis is more frequent. In all age groups,
multifocal choroiditis is the most frequent posterior
presentation, followed by periphlebitis. In BS/EOS pos-
terior synechiae and peripapillary nodules are more com-
mon than in other forms of sarcoidosis.

Differential diagnosis should exclude especially ocular
tuberculosis and syphilis. In children ocular sarcoidosis
should be differentiated with JIA-associated uveitis and
TINU.

There are many diagnostic modalities supporting the
diagnosis of ocular sarcoidosis but none of them is ideal
or self-sufficient. Definite ocular sarcoidosis diagnosis
can be stated only in case of biopsy proven lesions with
compatible ocular involvement. For presumed and prob-
able ocular sarcoidosis diagnosis performing systemic
imaging or checking for serum biomarkers is needed.

If biopsy is not possible, bilateral hilar lymphadenopa-
thy (BHL) is the next most important test. CT has higher
sensitivity than chest X-ray in detecting BHL in adults.
Serum ACE and lysozyme are well documented as ocular
sarcoidosis biomarkers. Availability of lymphopenia is its
major advantage although its sensitivity is not high. There
are several very promising studies on sIL2R as an ocular
sarcoidosis biomarker showing its higher sensitivity even
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than ACE. In some patients, conjunctival biopsies or vit-
reous biopsies can be considered.

There is very little data concerning the utility of diag-
nostic tests in ocular sarcoidosis in children, therefore a
detailed comparison with adults is not possible. In con-
trast to adults, in children, extrapulmonary sarcoidosis
is more frequent. Therefore, searching for biopsy acces-
sible peripheral lymph nodes by the means of FDG PET/
CT (with ultra-low CT protocol) could be an interesting
option especially in children with bilateral uveitis with
negative chest imaging. Blau Syndrome and EOS are,
respectively, the familial and sporadic forms of the same
monogenic autoinflammatory disease that needs genetic
testing to be confirmed. A search for NOD2 gene muta-
tion should be considered if a typical triad of arthritis,
rash, uveitis is present.

Abbreviations

IWOS International Workshop on Ocular Sarcoidosis

SUN Standardization of Uveitis Nomenclature

BS Blau syndrome

EOS Early-onset sarcoidosis

cT Computed tomography

FDG PET-CT  18F-fluorodeoxyglucose positron emission tomography - com-
puted tomography

NOD2 Nucleotide-binding oligomerization domain-containing pro-
tein 2

ACE Angiotensin converting enzyme

IL2R Soluble interleukin 2 receptor

CARD15 Caspase recruitment domain-containing protein 15

APMPPE Acute posterior multifocal placoid pigment epitheliopathy

VKH Vogt-Koyanagi-Harada

TINU Tubulointerstitial nephritis and uveitis

JIA Juvenile idiopathic arthritis

JRA Juvenile rheumatoid arthritis

BHL Bilateral hilar lymphadenopathy

HLA-B27 Human leukocyte antigen

(&) Ocular sarcoidosis

ILD Interstitial lung disease

MRI Magnetic resonance imaging

CD4/CD8 Clusters of differentiation 4/ clusters of differentiation 8

BAL Bronchoalveolar lavage

HRCT High-resolution computed tomography

SACE Serum angiotensin converting enzyme

PPV Positive predictive value

NPV Negative predictive value

PIOL Primary intraocular lymphoma

KL-6 Krebs von den Lungen-6

CXCL9 C-X-C motif chemokine ligand 9

BAFF B-cell activating factor

TNF Tumor necrosis factor

miRNA MicroRNA
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