
B

C

C
h

P
M
a

b

c

d

e

f

g

A
A
A

K
H
C
H
C

1

2
c
f
f
c
t
t
c
I

1

ARTICLE IN PRESSG Model
ONSOI-4500; No. of Pages 3

Joint Bone Spine xxx (2017) xxx–xxx

Available  online  at

ScienceDirect
www.sciencedirect.com

ase  report

alcium  pyrophosphate  deposition  disease  revealing  a
ypersensitivity  to  vitamin  D

auline  Baudarta,∗,  Arnaud  Molinb,c,d,  Johann  Cesinia, Glenville  Jonese,
artin  Kaufmanne, Marie  Laure  Kottlerb,d,f,g,  Christian  Marcelli a,b,f,g

Department of Rheumatology, CHU de Caen, avenue Cote de Nacre, 14000 Caen, France
Normandy University, 14032 Caen cedex 5, France
EA2608 Estrogène, Reproduction, Cancer (OeReCa), 14032 Caen, France
Department of Genetics, CHU de Caen, 14000 Caen, France
Department of Biomedical and Molecular Sciences, Queen’s University, K7L 3N6 Kingston, Ontario, Canada
UNICAEN, COMETE, 14032 Caen, France
Inserm, U 1075 COMETE, 14032 Caen, France

a  r  t  i  c  l e  i n  f  o

rticle history:
ccepted 8 November 2016
vailable online xxx

eywords:
ypersensitivity to vitamin D
alcium pyrophosphate deposition disease
ypercalcemia
YP24A1 mutation

a  b  s  t  r  a  c  t

Objective:  Hypersensitivity  to vitamin  D (HVD)  due  to a loss  of function  mutation  of  the  CYP24A1  gene,
which  encodes  vitamin  D  catabolizing  enzyme  was initially  described  as a cause  of acute  hypercalcemia
in  children  and  chronic  renal  diseases  in  adults.
Methods: We  describe  the  first  case  of a patient  presenting  a calcium  pyrophosphate  deposition  disease
(CPDD)  revealing  a HVD.
Results:  An  abnormality  of  phospho-calcic  metabolism  was  discovered  during  the  course  of  an  etiological
workup  for  CPDD  in a 52-year-old  patient.  Laboratory  tests  revealed  a blood  calcium  level  at  the  upper
limit of  normal  range,  a markedly  low  parathormone  level,  a 25-hydroxyvitamin  D  level  within  the
upper  level  of  normal,  an  elevated  1,25-dihydroxyvitamin  D  level  and an elevated  urine  calcium  level.
CYP24A1  gene  sequencing  analysis  revealed  two  mutations  in  a heterozygous  state.  The  study of  the

25-hydroxyvitamin  D3: 24,25-dihydroxyvitamin  D3 ratio,  two  metabolites  of vitamin  D  confirmed  the
enzyme  deficiency  in  vivo.  Our  observation  suggests  that this  disease  could  correspond  to  a  rare  cause  of
CPDD.
Conclusion:  In cases  of  CPDD  associated  with  calcium  values  within  the  upper  limit  of  normal  range  (or
hypercalcemia)  with  an  abnormally  low  PTH,  one  could  suggest  searching  for HVD.

©  2016  Société  franç aise  de  rhumatologie.  Published  by  Elsevier  Masson  SAS.  All rights  reserved.
. Introduction

Hypersensitivity to vitamin D (HVD), due to a deficit in vitamin D
4-hydroxylase (a catabolic enzyme of 1,25-dihydroxyvitamin D or
alcitriol), is an autosomal recessive genetic disease linked to loss of
unction mutations of the CYP24A1 gene. The disease is responsible
or an accumulation of vitamin D with a dysregulation of intestinal
alcium absorption and is characterized biologically by a tendency
owards hypercalcemia with low PTH. Clinical manifestations of
he disease in children are essentially those of acute hypercal-
Please cite this article in press as: Baudart P, et al. Calcium pyrophosph
Joint Bone Spine (2017), http://dx.doi.org/10.1016/j.jbspin.2016.11.00

emia (dehydration, polyuria-polydipsia, nervousness, vomiting).
n adults, it is characterized by complications caused by chronic
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297-319X/© 2016 Société franç aise de rhumatologie. Published by Elsevier Masson SAS.
renal hypercalciuria associated with nephrocalcinosis or renal lithi-
asis.

We describe the case of a patient presenting a calcium pyrophos-
phate deposition disease revealing a hypersensitivity to vitamin D.

2. Clinical presentation

A 52-year-old patient was hospitalized in the rheumato-
logy department for investigation of an abnormal phospho-calcic
metabolism discovered during the course of an etiological workup
for calcium pyrophosphate deposition disease (CPDD), which had
been progressing since the age of 39 years. He had a typical
radiographic articular chondrocalcinosis, pubis radiograph showed
ate deposition disease revealing a hypersensitivity to vitamin D.
6

calcium deposition in the pubic symphysis (Fig. 1), wrist radiograph
showed calcium deposition in the triangular ligament of the right
carpus (Fig. 2), knee radiograph showed bilateral calcium deposi-
tion in medial and lateral menisci (Fig. 3).

 All rights reserved.

dx.doi.org/10.1016/j.jbspin.2016.11.006
dx.doi.org/10.1016/j.jbspin.2016.11.006
http://www.sciencedirect.com/science/journal/1297319X
mailto:pauline.baudart@live.fr
dx.doi.org/10.1016/j.jbspin.2016.11.006


ARTICLE IN PRESSG Model
BONSOI-4500; No. of Pages 3

2 P. Baudart et al. / Joint Bone Spine xxx (2017) xxx–xxx

m
(
n
s
s
d
t
j
e

o
l
l
D
D
u

g
t
t
s

Fig. 1. Calcium deposition in the pubic symphysis.

The patient’s past medical history included a monoclonal gam-
opathy of IgG lambda type and densitometric osteoporosis

T-score –2.91 SD at the lumbar spine, –1.68 SD at the femoral
eck). Other medical history included a neurogenic thoracic outlet
yndrome with previous surgical intervention and an obstructive
leep apnea syndrome. The patient had no past history of renal
isease. The clinical exam was unremarkable, the general condi-
ion of the patient was good, and there was no axial or peripheral
oint involvement. There was no tumoral syndrome at the clinical
valuation.

Laboratory tests revealed a blood calcium level at the upper limit
f normal range (2.6 mmol/L), a markedly low parathormone (PTH)
evel (6.8 ng/mL), a 25-hydroxyvitamin D level within the upper
evel of normal although the patient had not received any vitamin

 supplement (153.3 nmol/L), an elevated 1,25-dihydroxyvitamin
 level (194 pmol/L; normal range, 48–110) as well as an elevated
rine calcium level of 8.74 mmol/24 h.

Complementary exploration showed no evidence in favor of
Please cite this article in press as: Baudart P, et al. Calcium pyrophosph
Joint Bone Spine (2017), http://dx.doi.org/10.1016/j.jbspin.2016.11.00

ranulomatosis (angiotensin converting enzyme and biopsy of
he accessory salivary glands were normal), malignant hemopa-
hy (complete blood count normal, plasma protein electrophoresis
howed a stable monoclonal peak, sternal bone marrow aspiration

Fig. 2. Right wrist radiograph showing triangular cartilage calcification.
Fig. 3. Knee radiograph showing bilateral meniscal calcifications.

normal), or neoplasia (chest-abdomino-pelvic CT scan and PET-
CT scan normal). HLA-B27 typing was positive. The presence of
nephrocalcinosis or nephrolithiasis was excluded by the abdomino-
pelvic CT scan.

HVD due to a vitamin D 24-hydroxylase deficiency was thus
suspected and the patient was  given a genetic consultation and
a CYP24A1 gene sequencing analysis. The result revealed the
c.427 429del (p.Glu143del) recurrent deletion and a c.62delC
(p.Pro21Argfs*8) frameshift mutation, both in a heterozygous state.
The study of the 25-hydroxyvitamin D3: 24,25-dihydroxyvitamin
D3 (25-OH-D3/24,25-(OH)2-D3) ratio, two  metabolites of vita-
min  D measured by tandem liquid chromatography coupled with
mass spectrometry (LC-MS/MS), confirmed the enzyme deficiency
in vivo (25-OH-D3 = 110.8 nmol/L, 24,25-(OH)2-D = 0.7 nmol/L,
ratio = 158).

3. Discussion

To our knowledge, this is the first observation of CPDD associ-
ated with HVD due to a vitamin D 24-hydroxylase deficiency that
has been documented clinically, radiologically, biologically, and
genetically. We have found no publication reporting an associa-
tion between these two  abnormalities; the body of published works
to date discusses metabolic and renal consequences of HVD found
mostly in children.

Calcium pyrophosphate deposition disease is a crystal-related
arthropathy and one of the most common inflammatory joint dis-
ease. It is characterized by the presence of calcium pyrophosphate
dihydrate crystals within the cartilage of the joints and fibrocar-
tilage [1,2]. The disease is frequent in the elderly, is most often
ate deposition disease revealing a hypersensitivity to vitamin D.
6

idiopathic, and is not usually found in young persons in which it
can occur as secondary to a metabolic disorder [3].

Hence, the most frequent causes of CPDD are primary hyper-
parathyroidism, haemochromatosis, and hypomagnesemia [4].

dx.doi.org/10.1016/j.jbspin.2016.11.006
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arely, genetic causes have been described based on observa-
ional studies of databases or clinical case reports. These include
amilial hypocalciuric hypercalcemia (mutation of the CASR) gene
5], familial hypomagnesemia with hypercalciuria and nephrocal-
inosis (mutation of the CLDN16 gene) [6], and familial calcium
yrophosphate deposition disease (mutation of the ANKH gene) [7].

Mutations of the CYP24A1 gene causing hypersensitivity to vita-
in  D were not identified until recently in children presenting

nfantile idiopathic hypercalcemia [8]. Since then, there are sev-
ral clinical cases in adults and a series of adults patients with
ssentially kidney complications [9–12].

Our observation suggests that this disease could correspond to
 rare cause of CPDD. Similar to chronic hypercalcemia resulting
rom hyperparathyroidism, chronic hypercalcemia linked to HVD
ould inhibit the chondrocyte alkaline phosphatase and increase
he extracellular inorganic pyrophosphate (ePPi) and the forma-
ion and deposition of calcium pyrophosphate dihydrate crystals
nd inflammatory joint disease. It is nevertheless not scientifically
ound to state a causality between HVD and CPDD based on only
ne observation, and other works will be necessary to confirm or
ispel this physiopathological hypothesis.

A parathormone level is part of an etiological workup routinely
erformed for CPDD to detect hyperparathyroidism. Conversely,

n cases of association of calcium values within the upper limit of
ormal range (or hypercalcemia) with an abnormally low PTH, and
ormal or limit of normal values (or increased) of 25-OH-D3 and
,25-(OH)2-D3, and after exclusion granulomatosis and neoplasias,
e would suggest to search for a CYP24A1 mutation and perhaps to

valuate the 25-OH-D3/24,25-(OH)2-D3 ratio [12]. If tests are found
Please cite this article in press as: Baudart P, et al. Calcium pyrophosph
Joint Bone Spine (2017), http://dx.doi.org/10.1016/j.jbspin.2016.11.00

ositive, the contra-indication of vitamin D supplementation will
elp to limit the risk of acute and chronic hypercalcemia. The exam

s performed on a blood specimen taken after obtaining written
nformed consent from the patient for a genetic study.
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[6] Cimbek EA, Ş en Y, Yuca SA, et al. Chondrocalcinosis related to familial hypomag-
nesemia with hypercalciuria and nephrocalcinosis. J Pediatr Endocrinol Metab
2015;28:713–6.

[7] Gruber BL, Couto AR, Armas JB, et al. Novel ANKH amino terminus mutation
(Pro5Ser) associated with early-onset calcium pyrophosphate disease with
associated phosphaturia. J Clin Rheumatol 2012;18:192–5.

[8] Schlingmann KP, Kaufmann M,  Weber S, et al. Mutations in CYP24A1 and idio-
pathic infantile hypercalcemia. N Engl J Med  2011;365:410–21.

[9] Jacobs TP, Kaufman M,  Jones G, et al. A lifetime of hypercalcemia and hypercal-
ciuria, finally explained. J Clin Endocrinol Metab 2014;99:708–12.

10] Meusburger E, Mündlein A, Zitt E, et al. Medullary nephrocalcinosis in an adult
patient with idiopathic infantile hypercalcaemia and a novel CYP24A1 muta-
tion. Clin Kidney J 2013;6:211–5.

11] Nesterova G, Malicdan MC,  Yasuda K, et al. 1,25-(OH)2D-24 hydroxylase
ate deposition disease revealing a hypersensitivity to vitamin D.
6

2013;8:649–57.
12] Molin A, Baudoin R, Kaufmann M, et al. CYP24A1 mutations in a cohort of

hypercalcemic patients: evidence for a recessive trait. J Clin Endocrinol Metab
2015;100:E1343–52.

dx.doi.org/10.1016/j.jbspin.2016.11.006
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0065
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0070
dx.doi.org/10.1097/BOR.0000000000000246
dx.doi.org/10.1097/BOR.0000000000000246
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0080
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0085
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0090
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0095
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0100
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0105
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0110
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0115
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120
http://refhub.elsevier.com/S1297-319X(16)30209-3/sbref0120

	Calcium pyrophosphate deposition disease revealing a hypersensitivity to vitamin D
	1 Introduction
	2 Clinical presentation
	3 Discussion
	Disclosure of interest
	References


