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Objectives: Blau syndrome (BS) is a rare autoinflammatory disease characterized
by arthritis, dermatitis, and granulomatous uveitis in early childhood. The study
presents the clinical experience of patients with BS at a tertiary care centre in
Chandigarh, North India.

Methods: Analysis of the clinical profile of patients of BS with NODZ2 gene
mutations under follow-up was carried out.

Results: Diagnosis of BS was genetically confirmed in 11 patients (10 children
and one adult; six male and five female patients) from 10 families. The median
age of onset of symptoms was 12 months (range, 4 months—4 years), while the
age at diagnosis ranged from 2.3 to 26 years. The classic triad of arthritis,
dermatitis, and uveitis was present in 6/11 (54.5%) patients. The frequency of
arthritis, dermatitis, and uveitis was 100%, 81.8%, and 72.7%, respectively. The
median age at diagnosis of ocular symptoms was 4 years (range, 2—-26 years).
Family history was noted in six families. Renal involvement was observed in two
children. All patients in our cohort had the R334W variant in NOD2 gene. An
asymptomatic carrier sibling with R334W mutation was identified in one family.
Methotrexate was used as a first-line agent in all children. Adalimumab, which
was commenced in five patients with uveitis, resulted in significant
improvement in four patients. The total follow-up duration of the present
cohort is 1,063.8 patient-months.

Conclusions: The possibility of BS should always be considered in patients with
arthritis and early ocular involvement. Uveitis is often progressive and refractory
to currently available therapies. Systemic involvement appears to remain a
significant cause of morbidity and mortality.
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Introduction

Blau syndrome (BS) is a rare monogenic form of the
autoinflammatory disease (AIDs) caused by a gain-of-function
mutation in the Caspase Recruitment Domain 15 (CARD 15)/
Nucleotide Oligomerization Domain of 2 (NOD2) gene. It is
characterized by a triad of arthritis, dermatitis, and
granulomatous uveitis in early childhood (1, 2). In his initial
description, Dr. Edward Blau reported that 11 members of a
single family over four generations had developed
granulomatous disease of the joints, skin, and eyes (3). Later,
Jabs et al. described a family with a syndrome of granulomatous
synovitis, recurrent uveitis, and cranial neuropathies (4). Several
systemic associations have since been described in the context of
BS (4-8). A molecular defect responsible for BS was identified in
2001, and mutations in the nucleotide oligomerization domain
in CARDI15/NOD2 gene located on chromosomal region
16q12.1-13 were mapped (9). Diagnosis of BS is based on
classical clinical features, family history, and demonstration of
non-caseating granulomas and can be confirmed by
genetic analysis.

Ben-Chetri et al. (10) have proposed the definitions and
consensus nomenclature for the different AIDs. As per this
classification BS has been categorized under the subheading of
NOD2-associated granulomatous disease. Other than BS, familial
sarcoidosis, and familial Crohn’s disease have also been classified
under this subheading.

There is a lack of information on this disease from the Indian
subcontinent (8, 11-14). This study reports clinical experience
while managing 11 patients from nine families with BS at a
tertiary care centre in North India.

Patients and methods

Case records of patients attending the Pediatric Rheumatology
Clinic, Advanced Pediatrics Centre, Postgraduate Institute of
Medical Education and Research, Chandigarh, India, were
reviewed. A detailed analysis of the clinical profile,
investigations, treatment, and outcome of children with BS was
recorded. An ophthalmological examination of these children was
carried out at the uveitis clinic, Advanced Eye Centre, PGIMER,
Chandigarh. The genetic diagnosis was confirmed at Pediatric
Immunology Laboratory, PGIMER, Chandigarh.

Peripheral blood samples were collected for molecular
analysis after obtaining informed consent. Exon-4 of NOD2
gene was amplified using polymerase chain reaction (PCR) at
controlled conditions using specific oligonucleotide primers,
which were obtained from the Resource of Asian Primary
Immunodeficiency Database (RAPID) (15). The PCR products
were qualitatively examined by 1.5% agarose gel electrophoresis
followed by purification and direct sequencing using the ABI Big
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Dye Terminator kit and ABI 3500 Gene Analyzer (Applied
Biosystems, Foster City, CA, USA). Sequencing results were
analysed using Codon Code Aligner software (Codon Code
Corporation, Centerville, MA, USA).

Results
Demographic characteristics

BS was genetically confirmed in 11 patients (10 children and
one adult; six male and five female patients) from 10 families.
The mean age of onset of symptoms was 17.3 + 14.6 months
(median, 12 months; range, 4 months—4 years), while the median
age at presentation to our institute was 2 years 10 months (range,
10 months-26 years). Delay in diagnosis from onset of
symptoms ranged from 10 months to 20 years. The median
age at diagnosis in our cohort was 7.9 years (range, 2.3 -
26 years).

Clinical characteristics

The clinical possibility of BS was considered on 5/11 (45.5%)
at presentation to our institute. In the remaining six patients
(54.5%), a BS diagnosis was made later at follow-up. The latter
patients were being followed up for variable periods as
polyarticular juvenile idiopathic arthritis (JTA) (n = 3),
systemic JIA (n = 1), Poncet’s disease (n = 1), and early-onset
sarcoidosis (n = 1 adult) (Table 1).

A classic triad of arthritis, dermatitis, and uveitis was present
in 6/11 (54.5%) children. All patients had wrist and ankle
involvement. The characteristic “boggy” swelling of the joints
was noted in nine (81.8%). Tenosynovitis of tendons resulting in
contractures, deformities of the small joints, and erosive joints
was seen in five (45%) patients (patient nos. 1, 4, 7, 8, and 10)—
these patients had had significant delays in diagnosis.
Camptodactyly was observed in seven (63.6%) patients. A
history of micropapular rash was noted in eight (73%)
patients. It was reported to be milder and improved at follow-
up (Figure 1).

Uveitis was seen in nine (81.8%) patients, and two patients
(patient nos. 8 and 10) have not developed any ocular
involvement so far. The median age at diagnosis of uveitis was
4 years (range, 2-26 years). Uveitis was noted in seven patients at
first presentation, while two patients (patient nos. 3 and 5)
developed uveitis at follow-up. Both these patients were being
followed up for arthritis, and uveitis developed later in the course
after 3 and 10 years of follow-up. All nine patients had bilateral
eye involvement (18 eyes), while 12 eyes had panuveitis, and
six had anterior uveitis. Anterior chamber cells and flare
were present in all patients with uveitis. Posterior synechiae
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TABLE 1 Clinical features, laboratory investigations, and treatment details of patients with Blau syndrome.

Patient
no.

4
(cousin
of pt. 3)

8
(sibling
of pt. 7)

Ageat  Age at pre- Age at Delay in diag- Initial Articular manifestations Rash Uveitis

onset sentation diagnosis nosis from diagnosis

(years)/ (years) (years) onset of symp-

sex toms (years)

05/M 29 29 23 BS Boggy swelling, tenosynovitis, Yes  Chronic anterior uveitis with superficial corneal
camptodactyly, polyarthritis (wrist, opacity
ankle, small joints of hands)

2/F 210 210 08 BS Boggy swelling, camptodactyly, Yes Bilateral anterior uveitis
polyarthritis (wrist, ankle, small
joints of hands)

0.4/M 0.8 9.11 9.5 SJIA Boggy swelling, p ly, No P nebular corneal opacities at 10
polyarthritis (wrist, ankle, small monthsBilateral uveitis at 4 years; acute angle
joints of hands and knees) closure glaucoma and cataract; surgery for

glaucoma and cataract at 15 years of age

3/F 113 20.5 17.5 PolyJIA Multiple joint deformities, No Panuveitis, bilateral uveitis, posterior synechiae,
tenosynovitis, polyarthritis (wrist, bilateral vitritis, retinal vascular leakage, glaucoma
ankle, small joints of hands) at 11 years, bilateral cataract at 13 years of age,

surgery for cataract

1/F 3 21 20 Poncet's  Boggy swelling, camptodactyly, No  Panuveitis, bilateral uveitis, posterior synechiae

discase  polyarthritis (wrist, ankle, small
joints of hands and knees)

0.3/M 24 14.3 14 Poly]IA Boggy swelling, camptodactyly, Yes  Bilateral recurrent panuveitis with corneal opacities,
polyarthritis (wrist, ankle, small hypopyon
joints of hands)

4/M 6.11 6.9 29 BS Boggy swelling, tenosynovitis, Yes Panuveitis, bilateral uveitis. cataract surgery for
camptodactyly, polyarthritis (wrist, both eyes at 11 years of age had right eye vision
ankle, small joints of hands, knees, loss due to total retinal detachment and phthisical
and shoulders) eye, at 13 years of age

1/F 8.11 8.9 7.9 BS Tenosynovitis, camptodactyly, Yes No eye involvement
polyarthritis (wrist, ankle, small
joints of hands, knees, and hips)

1.6/F 26 52 38 PolyJIA Boggy swelling, camptodactyly, Yes  Panuveitis, bilateral chronic uveitis, secondary
polyarthritis (wrist and ankle) bilateral cataract, multifocal choroiditis

0.6/M 24 23 1.7 BS Boggy swelling, tenosynovitis, Yes No eye involvement
polyarthritis (wrist and ankle)

5/M 26 26 21 BS Boggy swelling and polyarthritis Yes  Bilateral chronic anterior uveitis with sequelae,

(wrist, ankle, small joints of hands right eye cataract

and knees)

Age at diagnosis of Other
uveitis and initiation features
of treatment for
uveitis (years)
2 No
2 Fever
10 months Fever
10 Fever
13 Fever, visceral
involvement

(liver, kidney)

24 No

7 Visceral
involvement
(kidney),
tuberculosis
‘meningitis

No eye involvement No

2 months No

No eye involvement Fever,
granulomatous
lymphadenopathy

26 No

Family history

No

Yes, affected
father

Yes affected
mother
(pedigree
family 1 in
Figure 2)
Yes affected
father
(pedigree
family 1 in
Figure 2)

No

No

Yes affected
mother
(pedigree
family 2 in
Figure 2)
Yes affected
mother
(pedigree
family 2 in
Figure 2)
Yes affected
father with
nodular skin

lesions

Yes affected
mother
(pedigree
family 3 in
Figure 2)

No

96

104

112

112

115

115

100

111

111

TLC
(x10%/

L)

12,5

15.2

10.6

6.4

10.1

9.9

10.2

6.2

Platelet ESR  CRP
count (mm/  (mg/
(x10°7 i) L)

L)

562 32 12
644 67 382
377 44 20
210 50 11.4
294 12 1.87
327 20 10
398 14 31.56
228 32 28.98
421 40 15
524 22 8.52
600 20 19

Follow- Drugs received
up dura-
tion
(years)

211 MTX, PRED

37 MTX, PRED

14.6 MTX, PRED,
AZA, MMF

9.11 MTX, PRED,
AZA, adalimumab
(40 mg every 2
weeks)

19.8 MTX, PRED,
MME,
adalimumab (40
mg every 2 weeks)

124 MTX, AZA,
leflunomide,
adalimumab (40
mg every 2 weeks)

8.2 MTX PRED,
AZA, adalimumab

(40 mg every 2
weeks)

8.1 MTX, PRED,
AZA

7.7 MTX,

adalimumab (40
mg every 2 weeks)

0.5 MTX, PRED

6 days MTX

BS, Blau syndrome; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, haemoglobin; PolyJIA, polyarticular juvenile idiopathic arthritis; SJIA, systemic juvenile idiopathic arthritis; EOS, early-onset sarcoidosis; MTX, methotrexate; PRED,
prednisolone; AZA, azathioprine; MMF, mycophenolate mofetil; TLC, total leucocyte count.
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FIGURE 1

[¢]

(A, B) Boggy swelling of wrist, elbow, and small joints of hands and camptodactyly in patient no. 7. Mother (C) and elder sister (D) of patient no.
7 showing extreme deformities of small joints of hands. (E) Residual joint deformities of bilateral foot and knee as well as small joints of hands in
patient no. 11. (F) Micropapular rash on trunk in patient no. 10. (G) Anterior segment photograph of a patient with Blau syndrome shows
presence of iris nodules, anterior chamber cells, and flare suggestive of chronic anterior uveitis.

were seen in 17 eyes. Granulomatous keratic precipitates (KPs)
were seen in eight eyes, non-granulomatous KPs in two eyes, and
iris nodules in two eyes. Other features including vitritis (six
eyes), multifocal choroiditis (12 eyes), retinal vasculitis (two
eyes), optic nerve head oedema (one eye), and cystoid macular
oedema (one eye) were also present. Complications were present
in form of band-shaped keratopathy (seven eyes), nebular
coronal opacities (one eye), complicated cataract (12 eyes), iris
bombe (two eyes), secondary glaucoma (seven eyes), and
phthisis bulbi (two eyes). There were multiple episodes of
recurrences despite immunosuppressive therapies (Table 1).
Visceral involvement was seen at follow-up in two patients
(patient nos. 5 and 7). Patient no. 5 developed hepatosplenomegaly,
ascites, portal hypertension, nephrotic range proteinuria, and
microscopic haematuria at 20 years of age. Liver and renal

Frontiers in Immunology

biopsies showed granulomatous disease, which helped establish
the diagnosis and has been previously reported (8). Patient no. 7
developed chronic kidney disease with worsening renal function
and nephrotic range proteinuria at 11 years of age. Renal biopsy
demonstrated granulomatous interstitial nephritis with progressive
glomerulosclerosis. He was initiated on adalimumab (40 mg
subcutaneously every 2 weeks) for refractory disease to
conventional disease-modifying antirheumatic drugs (DMARDs).
However, he developed tubercular meningitis and succumbed to
his illness.

The family history of an affected parent was available in six
families (three mothers and three fathers), while the disease was
sporadic in four patients (Figure 2). Symptomatic parents had
arthritis (n = 5), uveitis (n = 2), or both (n = 2). None of these
parents recalled having had a rash during childhood. Nodular
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Age: 30 years
Onset: 5 years
Ployrthritis
No uveitis

(I

Patient no. 10

Family 3

Kumrah et al.
Onset: 5 years.

Age:40 years Polyarthritis

Onset: 16 years Uveitis

Deforming polyarthritis

No uveitis | \

Patient no. 3 Patient No. 4
Family 1
Age: 37 years
D_ Onset: 10 years
Deforming polyarthritis
Uveitis
Patient no. 8 Patient No. 7
Family 2
FIGURE 2

Family 1: pedigree of patient nos. 3 and 4 (siblings) showing disease manifestations in affected individuals with Blau syndrome. Family 2:
pedigree of patient nos. 7 and 8 showing disease manifestations in affected individuals with Blau syndrome. Family 3: pedigree of patient no. 10

showing disease manifestations in affected individuals with Blau syndrome

skin lesions without arthritis or uveitis were noted in the father
of patient no. 9.

Laboratory features

Inflammatory markers, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) were elevated in
all patients at first presentation. Platelet counts ranged from
2.4 x 10° to 8 x 10°/L. Fine-needle aspirations of boggy
joint swelling were performed in five patients; however,
granulomatous inflammation could be seen in one patient
only. Two patients underwent skin and synovial biopsies that
revealed granulomatous inflammation.

Genetic analysis

A missense heterozygous variant causing an amino acid
change from arginine to tryptophan at position 334 (hotspot)
was identified in the nucleotide-binding domain of NOD2 gene
in all patients (Figure 3). Affected symptomatic parents were also
found to have the same mutation. The mutation was de novo in
four children. The brother of patient no. 4 was asymptomatic but
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carried the same mutation. He has remained well and is
currently 25 years old.

Treatment details

Subcutaneous weekly methotrexate (15-20 mg/m*/week)
was used as a first-line agent for arthritis and uveitis. Oral
prednisolone was used intermittently for disease flares, in
addition to topical ocular steroids and atropine drops. Seven
(63.6%) patients required additional therapy for uveitis
refractory to conventional DMARDs. These included

azathioprine (n = 6), mycophenolate mofetil (n = 3), and

leflunomide (n 1). Five patients were initiated on
adalimumab (40 mg subcutaneously every 2 weekly)—four had
significant improvement in visual acuity and inflammation,
while adalimumab had to be discontinued in one patient due

to the reactivation of tuberculosis (Table 1).

Outcome and follow-up details

All children continued to be symptomatic at follow-up and
did not achieved drug-free remission. The present median age at
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Electropherogram showing NODZ2 gene (Exon-4) with missense heterozygous variant (p.R334W). C, control; P, patient; Fwd, forward; Rev, reverse.

the latest follow-up is 15 years (5.7-26 years). The mean
duration of follow-up is 1,063.8 patient-months. Residual joint
deformities limiting daily activities were seen in four children.
Uveitis was in remission in six patients, while three patients
continued to have active disease. Renal involvement was
observed in two children. One of these two patients developed
reactivation of tuberculosis leading to tubercular meningitis
while on adalimumab therapy and succumbed to his illness.

Discussion

BS is a rare genetic cause of early-onset arthritis and uveitis
in children with autosomal dominant inheritance (1). In
addition to classical clinical features, non-caseating epithelioid
and giant cell granulomas in affected tissues are the hallmark. A
timely and correct diagnosis is essential, as it has several
implications regarding prognosis, treatment, long-term follow-
up, and genetic counselling.

Although BS was described three decades ago and the
genetic basis was identified in 2001, it remains an under-
recognized entity in clinical practice (3, 4, 9). The available
literature on BS emanates from developed countries. Small case
studies have been recently reported from India (8, 11, 12). There
are limited data on the clinical profile, molecular diagnosis, and
long-term outcome of patients with BS, especially from the
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developing world. We herein report a case series of genetically
confirmed patients of BS from North India, highlighting the
disease’s evolution, catastrophes due to delays in diagnosis, and
treatment options with follow-up.

BS is characterized by a triad of rash, arthritis, and uveitis.
The rash is usually the first to appear (first year of life), followed
by arthritis (2-4 years of age), and, lastly, uveitis (around 4 years
of age) (2). Complete triad was present in only 55% of patients in
our cohort at the time of presentation.

Fever has not been included in the classic triad but is a
particularly important clinical manifestation in young children.
Matsuda et al. have recently reported that approximately 50% of
patients had a fever since the early course of the illness (16). Skin
involvement (maculopapular or micropapular scaly rash) occurs
during infancy and often precedes joint involvement and ocular
symptoms. The presence of rash and fever with markedly raised
inflammatory parameters often results in diagnostic dilemmas,
with systemic juvenile idiopathic arthritis (sJIA) being the closest
differential. Rash in BS compared to sJIA is not evanescent but
erythematous and fixed or scaly. Aroestegui et al. reported 12
patients with BS, of whom 50% had sJIA as the initial diagnosis.
All these children had presented before 4 years of age (17).
History of early-onset rash was present in eight (72.7%) patients
in our cohort, similar to published literature (18), however, it
was not persistent. An infant (patient no. 3) was diagnosed with
sJIA because of fever, rash, arthritis, and raised inflammatory
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parameters. Development of uveitis later in the course of the
disease resulted in the revision of the diagnosis. Uveitis is
distinctly unusual in patients with sJIA. Therefore, it is
essential to highlight that BS must always be considered a
possibility if children with sJIA develop uveitis at follow-up.

Also, BS must always be considered a differential in children
presenting with polyarticular symptoms. Polyarthritis involving
the peripheral joints (wrist, ankle, knee, and small joints of the
hands and feet) and typical “boggy” non-tender swelling with
synovial hypertrophy are observed. Typically, large joint arthritis
is non-erosive, associated with little movement restriction, and
resolves without deformities, though erosive arthritis has also been
reported (19) (1, 2). Exuberant tenosynovitis in BS leads to flexion
contractures of the interphalangeal joints, camptodactyly, and
characteristic deformities of the hands and feet. Arthritis was the
most dominant complaint in our patient population also. Erosive
arthritis was seen in 5/11 patients. The presence of boggy swelling,
camptodactyly, and bilaterally symmetrical arthritis involving the
wrist and small joints of the hands were the most consistent
clinical clues to the diagnosis of BS (1, 8, 16).

The most common ocular manifestations of BS include
bilateral recurrent uveitis. However, keratoconjunctivitis sicca,
conjunctival granulomas, optic nerve involvement, band-shaped
keratopathy, cataract, glaucoma, and rarely subepithelial corneal
opacities have also been described (1, 16). Cataract and
glaucoma in these children may be related to both chronic
ongoing uveitis and long-term corticosteroid therapy. The
presence of uveitis is the most important clue to the diagnosis
of BS, but incomplete phenotypes are not uncommon.
Approximately 10%-20% of patients may not develop eye
disease (1, 16). Uveitis was not seen in two children and seven
parents who carried the mutation.

Chronic posterior uveitis is the most common finding, but it
can evolve into multifocal choroiditis and panuveitis. Uveitis is
often recurrent, treatment-refractory, and blinding. It remains the
most important cause of morbidity in patients with BS and requires
aggressive screening and treatment for a better quality of life for
these patients. Commonly used drugs for BS-associated uveitis
include systemic corticosteroids, methotrexate, azathioprine,
mycophenolate mofetil, and tumour necrosis factor (TNF)
blockers. Published literature has shown favourable experience
with anti-TNF agents in the management of uveitis associated
with BS (8, 16, 20). Sarens et al. carried out a multi-centric,
prospective, interventional study in patients with BS-associated
uveitis. They showed that despite aggressive local and additional
systemic therapies, ocular disease activity is insufficiently controlled
in most patients (20). All our patients received subcutaneous
methotrexate therapy as initial therapy. Almost two-thirds
(63.6%) of patients required additional therapeutic agents.
Adalimumab was useful in four patients to achieve remission but
had to be discontinued in one due to reactivation of tuberculosis.
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Systemic and visceral involvement in patients with BS has
been described, such as granulomas in the liver, intestines,
parotid glands, lymph nodes, and kidney; tubulointerstitial
nephritis; cutaneous ulcers; and granulomatous arteritis (8, 16,
21). Renal involvement occurred in two patients and was the
cause of death in one child who developed as early as 11 years
of age.

Miceli-Richard et al. identified NOD?2 as the causative gene
in BS and described three different single base-pair mutations in
four families in 2001 (9). In the last two decades, several NOD2
mutations have been described in association with BS. Most
mutations reported to date are at or near the nucleotide-binding
NOD/NACHT domain of NOD2 gene, and some are also found
to extend into the C-terminal region characterized by a leucine-
rich repeat (LRR) structure (1, 2). The most common mutation
reported is the substitution of arginine at position 334 by
glutamine (R334Q) or tryptophan (R334W) (1, 16). In the
present study, all patients had R334W mutation. Although the
penetrance of Blau-associated NOD2 mutations is very high,
Saulsbury et al. reported an asymptomatic carrier of E383K
substitution (22). We identified one asymptomatic carrier with
R334W substitution. To the best of our knowledge, this is the
first report of an asymptomatic carrier of BS with the
R334W variant.

To conclude, the possibility of BS should always be considered
in patients with polyarthritis and early ocular involvement,
especially if family history is suggestive. Patients may not
demonstrate the classic triad at the time of initial presentation.
Fever is an important manifestation in young children. Patients
are often misdiagnosed as sJIA or polyarticular JIA. Polyarthritis
with synovial hypertrophy and tendon contractures resulting in
deformities of the hands are clues to diagnosis. Uveitis in patients
with BS is severe and usually refractory to conventional DMARD:s.
However, TNF blockers have shown promising results in these
patients. Systemic involvement remains an important cause of
morbidity and mortality. Hotspot screening for NOD2 mutation
can be incorporated as a screening tool while evaluating patients
with uveitis for early diagnosis of this disease. More efforts and
awareness are necessary amongst paediatric rheumatologists
about the presentation of BS to avoid significant delays
in diagnosis.

Key messages

* Blau syndrome is a rare autoinflammatory disease
caused by a gain-of-function mutation in NOD2 gene.

* A complete triad of arthritis, uveitis, and dermatitis may
not be present at the time of presentation.

 Fever is an important manifestation in young children.
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» Polyarthritis, boggy synovitis, camptodactyly, and
deformities of the small joints of the hands are important
clues.

*  Upveitis is difficult to treat and often requires TNF blockers.

* R334W is the commonest mutation in the Indian population.

* Hotspot screening for NOD2 mutation can be incorporated
as a screening tool while evaluating patients with uveitis for
early diagnosis of BS.

* Renal involvement is an important cause of mortality.

Think of Blau syndrome

* In infants with fever and fixed rash

* In young children with fever, rash, and uveitis

 In patients with polyarticular arthritis with uveitis

* In patients with arthritis and a family history

» In patients with treatment-refractory bilateral uveitis

 In patients developing contractures of the small joints of
the hands and camptodactyly

+ In patients with non-caseating granulomas in tissues
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