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Case Report

Idiopathic infantile hypercalcemia with a CYP24A1 variant
triggered by vitamin D supplementation in fortified milk:
A case report
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e Vitamin D-fortified milk consumption in infants carrying a CYP24A1 variant can cause

hypercalcemia.

e CYP24A1 genotypic analysis is useful in infants with unexplained hypercalcemia.

Abstract. Idiopathicinfantile hypercalcemia (ITH) is characterized by hypercalcemia, nephrocalcinosis, vomiting,
dehydration, and failure to thrive. It is caused by the presence of biallelic loss-of-function variants in the CYP24A 1
locus. Although hypercalcemia has been linked to the consumption of vitamin D-fortified milk, no reports have
documented its role in triggering ITH in patients with CYP24A 1 variants. Herein, we describe a case of IIH triggered by
vitamin D-fortified milk consumption in a 9-mo-old male patient carrying a CYP24A1 variant. After BCG vaccination,
the patient developed a facial rash, became anorexic, appeared to be in a bad mood, and began consuming vitamin
D-fortified milk instead of baby food. Blood tests showed a marked hypercalcemia (18.5 mg/dL), high 1,25-(OH),D (98.7
pg/dL) levels, and low parathyroid hormone (PTH) (< 4.0 pg/dL) and PTHrP (< 1.0 pg/dL) levels. The calcium levels
were successfully normalized after treatment with saline loading, furosemide, pamidronate, and a low-calcium milk
diet. After discharge, blood calcium levels remained normal with no recurrence of symptomatic hypercalcemia, but
circulating PTH levels were persistently suppressed. Renal ultrasonography at 8 yr of age revealed high medullary
echogenicity and diffuse echogenic foci in both kidneys. Trio-based whole-genome sequencing identified the following
biallelic pathogenic variants c.[464G>A];[1324C>T], p.[Trp155Ter];[Gln442Ter], in the CYP24A1 (NM_000782.5)
locus. Unexplained hypercalcemia in infants should raise suspicions of abnormal vitamin D metabolism and CYP24A 1
locus genotypic analysis can be informative in this regard.
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Introduction

Idiopathic infantile hypercalcemia (ITH) is caused by
abnormalities in vitamin D metabolism, characterized by
hypercalcemia, nephrocalcinosis, vomiting, dehydration,
and failure to thrive (1, 2). Vitamin D is crucial for
calcium homeostasis and bone health, and its deficiency
leads to hypocalcemia and bone mineralization defects
(3). Vitamin D supplementation (400 IU/d) is a well-
established and effective preventive measure for rickets
in infants and children (4). Vitamin D present in the
skin and diet undergoes hydroxylation to its biologically
active form, 1,25-(OH),D, in the liver and kidneys.
Ultraviolet light converts 7-dehydrocholesterol to pre-
vitamin D in the skin, and pre-vitamin D is isomerized
to vitamin D at body temperature. In the liver, vitamin D
is hydroxylated at position 25 by CYP2R1 and CYP27A1.
In the kidneys, CYP27B1 hydroxylates vitamin D at
the la-position to form 1a,25-dihydroxyvitamin D
[1,25-(OH),D], the biologically active form of vitamin
D. CYP24A1 inactivates vitamin D in multiple steps (5).
The CYP24A1 locus encodes CYP24A1, which regulates
the catabolism of 1,25-(OH),D (6). Biallelic loss-of-
function variants in the CYP24A1 gene are associated
with ITH, and this association was first identified in a
cohort of familial cases in 2011 (2). Since that time, there
have been additional case reports with similar genetic
variants from various countries (7-9).

Vitamin D supplementation prevents rickets;
however, excessive vitamin D intake induces
hypercalcemia (10). Further, hypercalcemia due to
overconsumption of vitamin D-fortified milk, rich in
vitamin D and calcium, has also been reported (11).

Only a few detailed clinical case reports of ITH caused
by CYP24A1 variants exist (2, 7). While hypercalcemia
linked to excessive consumption of vitamin D-fortified
milk has been documented (11), our search did not yield
any reports of IIH triggered by such intake in infants
with CYP24A1 variants. However, it is possible that
patients with ITH may consume vitamin D-fortified milk,
and the two conditions may coexist. Herein, we describe
a case of ITH possibly triggered by vitamin D-fortified
milk consumption in an infant with CYP24A I variants.

Case Report

The patient was the third child of healthy,
nonconsanguineous Japanese parents, born via
spontaneous delivery at 34 wk and 0 d of gestation, with
Apgar scores of 8 and 9 at 1 and 5 min, respectively. His
birth weight was 2,332 g (+0.67 SD), and his length was
45.5 cm (+0.65 SD). Blood tests at birth revealed normal
serum Ca and P levels (Ca 9.1 mg/dL, P 5.6 mg/dL). No
family history of ITH was reported. He exhibited normal
development during the neonatal and infancy periods.
He was fed a mixed diet of breast milk, formula milk,
and baby food. He received his vaccinations as scheduled,
including the BCG vaccination at 7 mo of age. Three
weeks after the BCG vaccination, a rash appeared on

his right cheek. At 9 mo of age, he became anorexic
and in a bad mood, preferring vitamin D-fortified milk
over baby food, and 1 wk later he was hospitalized. This
coincided with a worsening of the rash, which spread to
his face, arms, and legs. He also began vomiting daily.
He was diagnosed with hypercalcemia (18.5 mg/dL) at
a local hospital and was subsequently transferred to
our hospital.

Upon assessment at our hospital, the patient had
a body length of 69.5 cm (—=0.87 SD) and a body weight
of 7,380 g (-1.58 SD), thus exhibiting a weight loss of
1,200 g in 1 mo. His body temperature was 37.4°C, and
his heart rate was 150/min. He was conscious but unwell.
There was a blistering rash with flushing observed on
the face, arms, and legs. Laboratory findings revealed
marked hypercalcemia, elevated 1,25-(OH),D (98.7 pg/
dL) levels, and suppressed levels of PTH (< 4.0 pg/dL),
and parathyroid hormone-related peptide (PTHrP) (<
1.0 pg/dL) (Table 1). Hypercalcemia associated with
malignancy was considered unlikely because PTHrP
levels were low. Interleukin-2 receptor and angiotensin-
converting enzyme levels were normal. A urinalysis done
on the second day of admission, during saline loading
and furosemide administration, revealed an elevated
urinary calcium/creatinine ratio (Ca/Cr ratio; g/gCr), and
a fractional excretion of calcium (FECa) of 3.0%. The skin
biopsy results showed a conspicuous cellular infiltration
in the dermis, primarily around blood vessels and
appendages. The infiltrating cells were predominantly
lymphocytes and plasma cells that were not atypical.
The lymph node biopsy exhibited preexisting lymph node
architecture, but histiocyte-like cells were observed in
the interfollicular spaces. Tingible body macrophages
were found to be common in the embryonic center. No
granuloma or atypical cells were observed. Bone marrow
biopsy revealed no signs of malignancy. Ophthalmologic
examination revealed no evidence of uveitis. Neutrophil
function tests were normal. After admission, the
calcium levels were successfully normalized after saline
loading, furosemide and pamidronate administration,
and consumption of a low-calcium milk diet (Fig. 1).
During hospitalization, the patient exhibited symptoms
of papulonecrotic tuberculid as a side effect of BCG
vaccination on two instances. However, all symptoms
resolved spontaneously (Fig. 1). There were no findings
consistent with sarcoidosis or malignant lymphoma.
After discharge, low-calcium milk intake was continued,
and serum calcium levels remained within the near-
normal range, with no recurrence of symptomatic
hypercalcemia. However, the PTH levels remained
persistently suppressed (5.5-9.7 pg/dL). From infancy
to school age, his growth was normal (Fig. 2). Renal
echocardiography performed at 8 yr of age showed
high medullary echogenicity and sporadic echogenic
foci in both kidneys (Figs. 3A, B). Genetic testing was
performed on the patient and both parents with their
consent due to the suspicion of underlying calcium
metabolic abnormalities.
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Table 1. Laboratory test results of the patient at admission

Biochemistry
Complete blood cell count Urinary biochemical
Reference range

WBC (/uL) 21,100 | AST (IU/L) 33 Cr (mg/dL) 3
Neut (%) 53.6 ALT (IU/Ly 8 Na (mmol/L) 99
RBC (x 10% /uL) 5.09 LDH (IU/L) 266 K (mmol/L) 14
Hb (g/dL) 12.9 ALP-JSCC (IU/L) 424 Ca (mg/dL) 5
Het (%) 38.2 T-Bil (mg/dL) 0.3 P (mg/dL) 7
PLT (x 10%/uL) 510 BUN (mg/dL) 15 Ca/Cr ratio (g/gCr) 1.67

Cr (mg/dL) 0.25

UA (mg/dL) 5.8 FENa (%) 5.4

TP (g/dLy) 6.9 FEK (%) 53.7

ALB (g/dL) 3.9 FECa (%) 3

Na (mEq/L) 141 %TRP (%) 97.7

K (mEq/L) 4.5

Cl (mEq/L) 106

Ca (mg/dL) 18

TP (mg/dL) 4

CRP (mg/dL) 1.3

1,25-(OH), Vit D (pg/dL) 98.7 (20-70)

whole PTH (pg/dL) <4.0 (9-39)

PTHrP intact (pg/dL) <1.0 (<1.1)

IL-2R (U/mL) 761 (122-496)

ACE (U/L) 6 (8.3-21.4)

FENa, fractional excretion of sodium (Na); FEK, fractional excretion of potassium (K); FECa, fractional excretion of

calcium (Ca); TRP, tubular reabsorption of phosphate (P).

Saline 20 ml/kg/h
Fluid infusion B

Pamidronate1 mg/kg/dose

Furosemide 1.3mg/kg/day

Low-Ca milk 100 ml/kg/day
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Fig. 1. Clinical course after admission. The line on the graph shows the trend in the corrected serum calcium concentration.
The drugs administered and special milk introduced are listed at the top of the graph. The symptoms that appeared
during hospitalization are shown at the bottom of the graph.

Genetic study

DNA was extracted from blood and saliva samples
of the patient and his parents. Whole-genome sequencing
using DNBSEQ T7 whole genome sequencer software

(MGI Tech) in 150 bp paired-end mode and PCR-free
libraries was conducted. The sequenced reads were
mapped to the hg19 human reference genome using BWA
MEM software (ver. 0.7.17-r1188). Single nucleotide
variants (SNVs), short indels, and copy number
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Fig. 2. Height and body weight growth curves of the patient in our case report.

variants (CNVs) were identified using the Genome
Analysis Toolkit software ver.I 4.2.6.1, and structural
variants were detected using Smoove software (ver.
0.2.8). After quality filtering, variants were annotated
using SnpEff software (ver. 5.1). Introns + 100 bp from
exons, CNVs, and structural variants were included
in the analysis. Trio-based whole genome sequencing
revealed biallelic pathogenic variants, namely
c.[464G>A];[1324C>T] p.[Trp155Ter];[Gln442Ter],
in the CYP24A1 (NM_000782.5) locus. One variant,
c.464G>A, p. Trpl155Ter, inherited from the father,
has been previously identified as a causative variant
of ITH (9). The other variant, ¢.1324C>T, p.Gln442Ter,
inherited from the mother, was a novel nonsense
variant classified as pathogenic in the ACMG guidelines
(PVS1+PM2+PM3+PP3).

We present a rare case of IIH associated with a
CYP24A1 variant and exacerbated by intake of vitamin
D-fortified milk. In this patient, the loss-of-function
variants of the CYP24A 1 locus impaired the inactivation
of active vitamin D. In addition, our patient consumed a
high volume of vitamin D-fortified milk, which has been
linked with hypercalcemia due to excessive vitamin D
and calcium consumption (11). To our knowledge, there
are no prior reports of these conditions coexisting in a
patient with hypercalcemia.

After BCG vaccination, our patient developed a
generalized papulonecrotic tuberculoid rash, became
anorexic and in a bad mood, and began drinking vitamin
D-fortified milk rather than baby food, leading to
excessive intake of vitamin D and calcium. Normally,
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Fig. 3. Renal ultrasonography radiographs of the patient acquired at 8 yr of age. (A) The right kidney view from ventral side.
(B) The right kidney view from the dorsal side. Ultrasonography showed high medullary echogenicity and sporadic
echogenic foci in both kidneys, which were classified as grade 1 in the nephrocalcinosis grading system (15).

vitamin D supplementation is effective in preventing
and curing infants and children (4), but those with
pathological CYP24A 1 variants are at risk of developing
symptomatic hypercalcemia (7). Vitamin D-fortified milk
is a rich source of iron, vitamin D, and calcium, which
are often insufficient in breast milk nutrition alone
(12). The calcium content of vitamin D-fortified milk
is about five times that of breast milk and twice that
of artificial milk (13). Therefore, if a 9-mo-old infant
consumes more than 1,000 mL of vitamin D-fortified
milk daily, this can lead to an excess intake of at least
1,000 mg of calcium and 7.0 pg of vitamin D. In 2019,
a consensus statement on infant beverages led by the
American Academy of Pediatrics discouraged infant
consumption of vitamin D-fortified milk (14). In Japan,
there are two reported cases of hypercalcemia linked to
excessive consumption of vitamin D-fortified milk (11).
In our case, the loss-of-function variants of CYP24A1
suppressed the normal inactivation of active vitamin D,
resulting in dysregulated serum calcium levels, which
likely led to symptomatic hypercalcemia.

A 2022 systematic literature review identified
154 cases of CYP24A1 variants, 39 of which had an
infantile onset (8). Infantile onset IIH cases typically
manifest with nephrocalcinosis (84.6%), dehydration
(46.1%), and developmental delay (41.0%), and these
outcomes are consistent with the clinical presentation of
our patient except for developmental delay. Shen et al.
demonstrated an association between low vitamin D
metabolite levels and cardiovascular disease risk (9).
Early detection of ITH is crucial for long-term prognosis
because there are several complications in cases of
ITH associated with CYP24A1 variants. Thus, in the
evaluation of infants with unexplained hypercalcemia, it
1simportant to consider abnormal vitamin D metabolism
and accordingly perform CYP24A1 genotypic analysis.

However, the coexistence of IHH and excessive
vitamin D intake that we have documented here is a

rare condition, and it took us 8 years to make a definitive
diagnosis. We followed this patient closely because,
although he presented with marked hypercalcemia at the
onset, we were unable to identify the cause at that time.
Based on the mild but persistent suppression of PTH
levels and the findings of calcification on ultrasonography
of the kidneys, we considered the presence of some
genetic alteration and ultimately reached a definitive
diagnosis.

In conclusion, in cases of unexplained marked
hypercalcemia in infants, it is important to consider
some genetic alteration and its triggers, and to
follow up carefully with biochemical tests and renal
ultrasonography for an early diagnosis and optimal
management.

We report a case of IIH triggered by intake of
vitamin D-fortified milk in a Japanese infant carrying
pathogenic CYP24A 1 variants. We conclude that in cases
of unexplained marked hypercalcemia in infants, it is
important to consider the genetic background of the
patient and its triggers, and to follow up carefully with
biochemical tests and renal ultrasonography for an early
diagnosis and optimal management.
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