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Abstract
Background: Cryopyrin-associated periodic syndrome (CAPS) is a life-long, autoin ammatory disease
associated with a gain-of-function mutation in the nucleotide-binding domain, leucine-rich repeat family,
pyrin domain containing 3 (NLRP3) gene, which result in uncontrolled production of IL-1β and chronic
in ammation. Chronic infantile neurologic cutaneous and articular (CINCA) syndrome/neonatal-Onset
multisystem in ammatory disease (NOMID) is the most severe form of CAPS. Although the rst
symptoms may be presented at birth, there are few reports on the involvement of the placenta and
umbilical cord in the disease. Therefore, we present herein a preterm case of CINCA/NOMID syndrome
and con rms intrauterine-onset in ammation with conclusive evidence by using fetal and placental
histopathological examination.
Case presentation: The female patient was born at 33weeks of gestation by emergency caesarean
section and weighted at 1,514 g. The most common manifestations of CINCA/NOMID syndrome
including recurrent fever, urticarial rash, and ventriculomegaly due to aseptic meningitis were presented.
She also exhibited atypical symptoms such as severe hepatosplenomegaly with cholestasis. The genetic
analysis of NLRP3 revealed a heterozygous c.1698C>A (p.Phe566Leu) mutation, and she was diagnosed
with CINCA/NOMID syndrome. Further, a histopathological examination revealed necrotizing funisitis,
mainly in ammation of the umbilical artery, along with focal neutrophilic and lymphocytic villitis.
Conclusion: The necrotizing funisitis, which only involved the artery, was an unusual observation for
chorioamnionitis. These evidences suggest that foetal in ammation, probably due to overproduction of
IL-1β, caused tissue damage in utero, and the rst symptom of a newborn with CINCA/NOMID.

Background
Cryopyrin-associated periodic syndrome (CAPS) is a life-long, autoin ammatory disease associated with
a gain-of-function mutation in the nucleotide-binding domain, leucine-rich repeat family, pyrin domain
containing 3 (NLRP3) gene, which codes for cryopyrin [1]. Cryopyrin is a vital part of the in ammasome
complex, which activates caspase-1 and causes subsequent production of interleukin-1 beta (IL-1β).
Abnormalities in cryopyrin cause uncontrolled production of IL-1β, resulting in chronic in ammation and
tissue damage in CAPS [2, 3]. CAPS comprise of three diseases with speci c clinical features and disease
activity; the mildest form of which is familial cold auto-in ammatory syndrome, Muckle-Wells syndrome
is the moderate form, and the most severe form is chronic infantile neurologic cutaneous and articular
(CINCA)/neonatal-onset multisystem in ammatory disease (NOMID) syndrome. All three forms are
caused by the same gene, NLRP3 [4, 5]. The prevalence of CINCA/NOMID syndrome is estimated to be 1
in 1,000,000, and approximately 40 people were diagnosed with CINCA/NOMID syndrome in Japan [6].
Although the rst symptoms of CINCA/NOMID syndrome may be present at birth, there are few reports on
the involvement of the placenta and umbilical cord in the disease [7]. Therefore, we present herein a
preterm case of CINCA/NOMID that was complicated with the necrotizing funisitis which only involved
the artery, which was con rmed by using fetal and placental histopathological examination.
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Case Presentation
The female patient was born at 33weeks and 5 days of gestation by emergency cesarean section
following presentation of pregnancy complication including polyhydramnios, spontaneous preterm labor,
and elevated maternal C-reactive protein (CRP). Her parents were nonconsanguineous, and family history
was unremarkable. Apgar scores were 5 at 1 min, and 7 at 5 min, with birthweight of 1,514 g (-1.8 SD),
length of 42 cm (-0.74 SD), and head circumference of 28.3 cm (-1.29 SD). She presented with severe
hepatosplenomegaly and mild ventriculomegaly at birth, as well as urticarial rash on the body and limbs
after a few hours of birth. The blood examination at birth revealed CRP at 6.4 mg/dL, white blood cell
count (WBC) of 34650 /µL, red blood cell count of 323 × 104 /µL, hemoglobin 12.7 g/dL and platelet 7 ×
104 /µL. In addition, the examination of the cerebrospinal uid (CSF) showed a WBC cell count of 667 /µL
(polymorphonuclear: mononuclear 4:1), glucose at 21 mg/dL, and protein at 191 mg/dL. No pathogenic
bacteria were isolated from the patient, her CRP continued to increase to 15 mg/dL despite intensive
antibiotics treatment. The neonatal-onset rash and aseptic meningitis, combined with persistent elevation
of CRP suggested the diagnosis of auto-in ammatory disease, more speci cally CAPS. Urinary excretion
of mevalonic acid was not elevated, and the possibility of hyper IgD syndrome was excluded. After
obtaining an informed consent from her parents, we performed genetic analysis of NLRP3 on her whole
blood, which revealed heterozygous NLRP3 c.1698C > A (p.Phe566Leu) variant that has been reported as
disease-causing in infevers database (https://infevers.umai-montpellier.fr/web/search.php?n=4) [8].
Based on the clinical manifestations and genetic analysis, she was nally diagnosed with CINCA/NOMID.
Meanwhile, the hepatosplenomegaly with cholestasis gradually deteriorated to a total bilirubin of
5.4 mg/dL and direct bilirubin of 3.5 mg/dL, aspartate aminotransferase of 147 IU/L and alanine
aminotransferase of 83 IU/L. Contrast-enhanced computed tomography of the abdomen was normal
except severe hepatosplenomegaly. Speci c IgM antibody serology tests against toxoplasmosis,
cytomegalovirus, rubella virus, syphilis, and herpes simplex virus were negative. The plasma analysis of
amino acids by high performance liquid chromatography was not characteristic of neonatal intrahepatic
cholestasis caused by citrin de ciency such as elevated citrulline, tyrosine, phenylalanine, methionine and
threonine. Bone marrow examination was performed, and no malignancy nor hemophagocytosis were
observed. Oral ursodeoxycholic acid, fat-soluble vitamins and medium chain fatty acids containing milk
(MCT milk) were started at 16 days of age, however, these treatments had no remarkable effect on her
cholestasis.
At 70 days of age, after diagnosis was con rmed genetically, treatment with recombinant anti- human IL1β monoclonal antibody (canakinumab) was started at a dose of 2.5 mg/kg. The rash immediately
disappeared, and in ammatory markers slightly decreased after the rst administration. Cholestasis
slowly improved and ursodeoxycholic acid, fat-soluble vitamins and MCT milk were discontinued at the
age of 4 months. We nally increased the dose of canakinumab stepwise up to 7.8 mg/kg every 4–6
weeks, and no further complications from the use of canakinumab were noted since the age of 7 months.
The pathological ndings of the placenta and umbilical cord
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The umbilical cord was found to be edematous and contained yellow discoloration on the surface.
Moreover, the placenta was friable, and weighted 615 g, which is a very heavy placenta, greater than 90th
percentile for the gestational age. The histopathological examination revealed necrotizing funisitis,
namely in ammation of the umbilical cord (Fig.1A), and along with focal neutrophilic and lymphocytic
villitis (Fig.1B). The neutrophils were not in ltrated in the chorioamnion. While in ammatory cells
presented ring-shaped in ltration on the surface of one of the umbilical arteries and within the Wharton’s
jelly, there was no in ammatory response in umbilical vein (Fig.1A). These in ammatory cells were
mainly neutrophils and macrophages, demonstrated by immunohistochemical positive for
myeloperoxidase (Fig.1C), a portion of which shows CD68 positivity.

Discussion
CINCA/NOMID syndrome is the most severe form of CAPS, which is characterized by neonatal onset and
presents with recurrent fever and urticarial rash. Without appropriate treatments, chronic in ammation
continues, causing neurological manifestations, arthritis, arthropathy, and uveitis [9, 10]. In Japan, only
canakinumab has been approved since 2011 for the treatment of all three forms of CAPS [11]. The
de nite diagnosis for CINCA/NOMID relies mainly on genetic analysis of NLRP3, which has more than
210 reported variants [8]. Further, approximately 28 ~ 35% of all the CINCA/NOMID patients carry an
NLRP3 mutation in somatic mosaicism state [12, 13], which causes patients to present with milder
neurologic symptoms compared to those with germline mutation of the same variant. However, no
additional differences in symptoms was observed in age at disease onset, skin symptoms and joint
involvement, whereas, the p.Phe566Leu variant was previously reported as a CAPS disease-causing
mutation within somatic mosaicism cohort [14]. Our patient was found to have p.Phe566Leu variant as a
heterozygous germline mutation, which might explain the most severe phenotype including continuous
in ammatory biological markers and atypical symptoms.
Furthermore, hepatosplenomegaly with normal liver functions was occasionally described in
CINCA/NOMID patients, and liver biopsy demonstrated non-speci c presentation for chronic
in ammation in the parenchyma and subcapsular area in such a case [7]. However, the patients with
cholestasis were only reported by Paccaud et al [14]. Their patient was identi ed as heterozygous for the
p.Glu567Lys mutation and had many similar characteristics to our case. First, both cases were born at
preterm 33 weeks of gestation, complicated with polyhydramnios. Second, hepatosplenomegaly with
cholestasis was initially severe and gradually improved in parallel to decreasing in ammatory reaction.
Following detailed examination, our patient did not have any other disease associated with cholestasis,
and her symptoms gradually improved as CRP decreased. The observed chronic in ammation caused the
liver damage in preterm neonate, resulting in hepatosplenomegaly and cholestasis. It is of great interest
whether the treatment with canakinumab is able to subside the occurrence of complications on
hepatobiliary system.
In addition, p.Glu567Lys mutation is the most frequently identi ed mutation among the somatic
mosaicism cohort [15]. The coincidence might indicate that the cholestasis might occur in very severe
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in ammatory conditions due to gene dosages effect of germline mutations which can cause
CINCA/NOMID even in the somatic mosaicism. This hypothesis remains to be evaluated by further
accumulating the CINCA/NOMID neonatal cases, especially focusing on their neonatal manifestations.
The preterm, intrauterine growth retardation, polyhydramnios, and placental and umbilical abnormalities
were often presented in CINCA/NOMID syndrome. It has been reported that histological examination of
the placenta from CINCA/NOMID syndrome has revealed vascular thrombosis, microcalci cation and
polymorphonuclear cell in ltrates [7, 14]. Table 1 describes intrauterine manifestation of CINCA/NOMID
syndrome patients in previous reports. Though two polyhydramnios have been reported, making our case
the third, it was not possible to perform the detailed search for polyhydramnios due to an emergency
cesarean section.
Table 1
Intrauterine manifestation of CINCA/NOMID patients in previous reports.
Intrauterine manifestation

Reference

The
number
of cases

Mutation

Commentary

Abnormal amount of
amniotic uid

Sandra G, et
al (1983) [16]

1

N.D.

Polyhydramnios

Prieur AM, et
al (1987) [7]

2

N.D.

Oligohydramnios

Caroli F, et al
(2006) [17]

1

M406I

Oligohydramnios

Paccaud Y, et
al (2014) [14]

1

E567K

Polyhydramnios

Our case

1

F566L

Polyhydramnios

Prieur AM, et
al (1987) [7]

1

N.D.

Placenta with thrombosis
and calci cation

Histological ndings of
placenta and umbilical
cord

Small villi and umbilical
cord with
polymorphonuclear
in ltration
Paccaud Y, et
al (2014) [14]

1

E567K

Umbilical cord infection

Madison E, et
al (2019) [22]

1

N.D.

Necrotizing funisitis

Our case

1

F566L

Neutrophilic and
lymphocytic villitis
Necrotizing umbilical
arteritis

N.D.: not described
Page 5/10

Necrotizing funisitis, which is often associated with increased rates of stillbirth, perinatal infection, and
preterm delivery, is sometimes accompanied with congenital syphilis [18]. In our case, the possibility of
congenital syphilis was excluded because of the absence of the speci c IgM antibodies. Acute
chorioamnionitis provides evidence of a maternal host response, whereas funisitis represents a foetal
in ammatory response [19]. These in ammatory responses are characterized by the in ltration of
neutrophils and release of cytokines [19, 20]. Moreover, funisitis is often associated with in ammation of
the chorioamnion due to ascending infection. The in ammation of the umbilical vessels typically begins
in the vein (phlebitis) and is followed by involvement of the arteries (arteritis) and the Wharton’s jelly [21].
Since our case was not complicated with severe chorioamnionitis, it is likely that the necrotizing funisitis
that only involved the artery, was not secondary to chorioamnionitis, but due to foetal origin
in ammation. These evidences suggest that foetal in ammation, probably due to overproduction of IL-1β
by CINCA/NOMID, might cause necrotizing funisitis in utero. According to previous reports, all
histopathological ndings revealed funisitis or in ammation of umbilical cords, which might be quite
usual manifestation in CINCA/NOMID syndrome (Table 1).
Moreover, our patient was complicated with villitis, namely in ammation of chorioamniotic villi. Some
villitis is caused by an infectious agent, however, most chronic in ammatory lesions are of unknown
aetiology [23] [24]. Excessive foetal IL-1β might have injured the villi to induce a maternal in ammatory
response, causing the elevated maternal CRP before the emergency caesarean section.

Conclusion
We emphasize that the histopathological examination of placenta and umbilical cord can be one of the
clues indicating intrauterine-onset in ammation and the rst symptom of a newborn with CINCA/NOMID.
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CAPS: cryopyrin-associated periodic syndrome, NLRP3: nucleotide-binding domain, leucine-rich repeat
family, pyrin domain containing 3, IL-1β: interleukin-1 beta, CINCA/ NOMID : chronic infantile neurologic
cutaneous and articular syndrome/neonatal-onset multisystem in ammatory disease, CRP: c-reactive
protein, WBC: white blood cell, MCT milk: medium chain fatty acids containing milk,

Declarations
Ethics approval and consent to participate: Not applicable
Consent for publication: The patient’s parents gave informed consent for publication.
Availability of data and materials: The data are available from the corresponding author on reasonable
request.
Competing interests: The authors declare that they have no competing interests.
Page 6/10

Funding: This study received no funding.
Authors' contributions: KY contributed medical care for this patient and drafted the manuscript with
support from SK and RN. HY provided the genetic analysis. KM and SM undertook the histopathological
examination. RN supervised the patient’s diagnosis and treatment. All authors read and approved the
nal manuscript.
Acknowledgements
We are grateful to Yosuke Shigematsu (Department of Pediatrics, Faculty of Medical Sciences, University
of Fukui) for the measurement of mevalonic acid.
Authors' information (optional): Not applicable

References
1. Hoffman HM, Mueller JL, Broide DH, Wanderer AA, Kolodner RD. Mutation of a new gene encoding a
putative pyrin-like protein causes familial cold autoin ammatory syndrome and Muckle-Wells
syndrome. Nat Genet. 2001; 29(3):301-5. doi:1038/ng756.
2. Neven B, Callebaut I, Prieur AM, Feldmann J, Bodemer C, Lepore L, et al. Molecular basis of
thespectral expression of CIAS1 mutations associated withphagocytic cell-mediated
autoin ammatory disordersCINCA/NOMID, MWS, and FCU. Blood. 2004; 103:2809–2815. doi:
1182/blood-2003-07-2531.
3. Gattorno M, Tassi S, Carta S, Del no L, Ferlito F, Pelagatti MA, et al. Pattern of interleukin1betasecretion in response to lipopolysaccharide and ATPbefore and after interleukin-1 blockade in
patients with CIAS1 mutations. Arthritis Rheum. 2007; 56:3138–3148. doi: 1002/art.22842.
4. Hentgen V, Despert V, Leprêtre AC, Cuisset L, Chevrant-Breton J, Jégo P, et al. Intrafamilial variable
phenotypic expression of a CIAS1 mutation: from Muckle-Wells to chronic infantile neurological
cutaneous and articular syndrome. J Rheumatol. 2005; 32(4): 747-51.
5. Feldmann J, Prieur AM, Quartier P, Berquin P, Certain S, Cortis E, et al.Chronic infantile neurological
cutaneous and articular syndrome is caused by mutations in CIAS1, a gene highly expressed in
polymorphonuclear cells and chondrocytes. Am J Hum Genet. 2002; 71(1): 198–203.
doi: 1086/341357.
6. Nakamichi S, Origuchi T, Fukui S, Yoda A, Matsubara H, Nagaura Y, et al. A Rare Case of Cryopyrinassociated Periodic Syndrome in an Elderly Woman with NLRP3 and MEFV Mutations. Intern Med.
2019; 58(7): 1017-1022. doi: 10.2169/internalmedicine.1401-18.
7. Prieur AM, Griscelli C, Lampert F, Truckenbrodt H, Guggenheim MA, Lovell DJ, et al. A chronic,
infantile, neurological, cutaneous and articular (CINCA) syndrome. A speci c entity analysed in 30
patients. Scand J Rheumatol Suppl. 1987; 66:57-68. doi:3109/03009748709102523.

Page 7/10

8. The registry of hereditary auto-in ammatory disorders mutations.
http://fmf.igh.cnrs.fr/ISSAID/infevers/
9. Hoffman HM. Hereditary immunologic disorders caused by pyrin and cryopyrin. Curr Allergy Asthma
Rep. 2007; 7(5): 323-30. doi: 1007/s11882-007-0049-4.
10. Cuisset L, Jeru I, Dumont B, Fabre A, Cochet E, Le Bozec J, et al. Mutations in the autoin ammatory
cryopyrin-associated periodic syndrome gene: epidemiological study and lessons from eight years of
genetic analysis in France. Ann Rheum Dis. 2011; 70 3: 495-9. doi: 1136/ard.2010.138420.
11. Yokota S, Imagawa T, Nishikomori R, Takada H, Abrams K, Lheritier K, et al. Long-term safety and
e cacy of canakinumab in cryopyrin-associated periodic syndrome: results from an open-label,
phase III pivotal study in Japanese patients. Clin Exp Rheumatol. 2017; 35 Suppl 108 6: 19-26.
12. Tanaka N, Izawa K, Saito MK, Sakuma M, Oshima K, Ohara O, et al. High incidence of NLRP3 somatic
mosaicism in patients with chronic infantile neurologic, cutaneous, articular syndrome: results of an
International Multicenter Collaborative Study. Arthritis Rheum 2011; 63 11: 362532.doi:1002/art.30512.
13. Izawa K, Hijikata A, Tanaka N, Kawai T, Saito MK, Goldbach-Mansky R, et al. Detection of base
substitution-type somatic mosaicism of the NLRP3 gene with >99.9% statistical con dence by
massively parallel sequencing. DNA Res. 2012; 19: 143-52. doi: 10.1093/dnares/dsr047.
14. Paccaud Y, Berthet G, Von Scheven-Gete A, Vaudaux B, Mivelaz Y, Hofer M, et al. Neonatal treatment
of CINCA syndrome. Pediatr Rheumatol Online J. 2014; 12:52. doi:1186/1546-0096-12-52.
15. Labrousse M, Kevorkian-Verguet C, Boursier G, Rowczenio D, et al. Mosaicism in autoin ammatory
disease: Cryopyrin-associated periodic syndrome (CAPS) and beyond. A systemic review. Crit Rev
Clin Lab Sci. 2018 Sep;55(6):432-442. doi:10.1080/10408363.2018.1488805.
16. Hassink SG, Goldsmith DP. Neonatal onset multisystem in ammatory disease. Arthritis Rheum. 1983
May;26(5):668-73. doi: 10.1002/art.1780260515
17. Caroli F, Pontillo A, D'Osualdo A, Travan L, Ceccherini I, et al. Clinical and genetic characterization of
Italian patients affected by CINCA syndrome. Rheumatology (Oxford). 2007 Mar;46(3):473-8. doi:
10.1093/rheumatology/kel269.
18. Guarner J, Southwick K, Greer P, Barlett J, Santander A, Blanco S, et al., Testing umbilical cords for
funisitis due to Treponema pallidum infection, Bolivia. Emerg Infect Dis. 2000; 6(5): 487–492.
doi: 3201/eid0605.000507.
19. Kim CJ, Romero R, Chaemsaithong P, Chaiyasit N, Yoon BH, Kim YM. Acute chorioamnionitis and
funisitis: de nition, pathologic features, and clinical signi cance. Am J Obstet Gynecol. 2015; 213(4
Suppl): S29-52. doi:1016/j.ajog.2015.08.040.
20. Kim CJ, Yoon BH, Park SS, Kim MH, Chi JG. Acute funisitis of preterm but not term placentas is
associated with severe fetal in ammatory response. Hum Pathol. 2001; 32(6): 623-9. doi:
1053/hupa.2001.24992.

Page 8/10

21. Redline RW, Faye-Petersen O, Heller D, et al. Amniotic infection syndrome: nosology and
reproducibility of placental reaction patterns. Pediatr Dev Pathol. 2003; 6(5): 435-48.
doi:1007/s10024-003-7070-y.
22. Kerley ME, Ahmed S, Ramasubramanian A. Bilateral Chorioretinitis From NOMID syndrome. J Pediatr
Ophthalmol Strabismus. 2019 May 22;56(3):204. doi:10.3928/01913913-20190220-01.
23. Redline RW. Villitis of unknown etiology: noninfectious chronic villitis in the placenta. Hum pathol.
2007; 38 (10): 1439-46. doi: 1016/j.humpath.2007.05.025.
24. Kim CJ, Romero R, Chaemsaithong P, Kim JS. Chronic in ammation of the placenta: de nition,
classi cation, pathogenesis, and clinical signi cance. Am J Obstet Gynecol. 2015; 213(4 Suppl):
S53-69. doi:1016/j.ajog.2015.08.041.

Figures

Figure 1
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Microscopic ndings of the placenta and umbilical cord. a. Necrotizing funisitis: the umbilical cord
showed ring-shaped in ltration of in ammatory cells around the artery (arrow and inset), but not in the
vein (arrow head). (Hematoxylin an eosin (HE) staining). b. Focal neutrophilic and lymphocytic villitis:
destructive in ammation of chorionic villus (arrow), followed by mild collapse of villous vessels (HE
staining). c. Immunohistochemical staining of myeloperoxidase: the in ammation around the umbilical
artery and perivascular Wharton’s jelly caused mainly by macrophages and neutrophils.
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