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Introduction

The majority of circulating vitamin D originates from
sunlight exposure. Cholecalciferol (vitamin D3) is made
from UVB radiation of 7-dehydrocholesterol or inges-
tion of animal-based foods. Ergocalciferol (vitamin D2)
is typically found in plant-based foods. Both types are
inactive prior to hydroxylation in the liver to 25-hydroxy
vitamin D (250HD) and in the kidney to 1,25-dihydroxy
vitamin D (1,250H2D), which acts in the kidney and
intestines to increase calcium absorption. In hypocalce-
mia, there is a rise in parathyroid hormone (PTH) in
order to maintain normal serum calcium. PTH increases
renal calcium absorption, decreases renal phosphorous
absorption, and enhances production of 1250H2D.!
250HD levels are used clinically to measure vitamin D
status due to the relatively long half-life. There is a lack
of consensus on what value constitutes 25SOHD defi-
ciency, though levels under 30ng/ml are considered
insufficient. Non-white race, obesity, and living at
higher latitudes have been associated with increased
prevalence of vitamin D deficiency.? 250HD levels
have also been shown to be lower at the end of the win-
ter and in individuals spending more time indoor.
Severe vitamin D deficiency can result in hypocalce-
mia and nutritional rickets. Appropriate calcium levels
are important for myocyte contractility and neuronal sta-
bility. Hypocalcemia can result in tetany, seizures, pro-
longed QTc intervals, and sudden cardiac arrest.!
Vitamin D has also shown to be related to immune
function, with recent studies evaluating the role of vita-
min D supplementation and deficiency in patients with
COVID-19.* National Health and Nutrition Examination
Survey (NHANES) data from 2001 to 2004 (n=6275)
showed 61% of children had 250HD insufficiency.’ It is
unclear how many cases of severe hypocalcemia result
from 250HD deficiency or what 250HD level places
patients at risk for hypocalcemia. Although executive

order “New York State on Pause” was only in effect
from March 22nd through June 8th 2020, organized
sports and outdoor play were avoided during the sum-
mer and fall of 2020 resulting in decreased sun exposure
for many children.® We present three children who pre-
sented with severe vitamin D deficiency and symptom-
atic hypocalcemia, which was hypothesized to be an
unintended consequence of “stay-at-home orders” dur-
ing the COVID-19 pandemic.

Case Presentations

Case 1 is a 13-year 5-month male of Hispanic descent,
with a past medical history of transient hypoglycemia
and poor oral feeding, requiring gastrostomy feeds until
12 months of age, presenting to the emergency depart-
ment with a first time generalized tonic-clonic seizure.
He reported lower back pain, diffuse muscle pain, and
bilateral hand cramping for 1 month. His diet consisted
primarily of bagels, cheese pizza, chicken, and sand-
wiches. He had negative Chvostek and Trousseau signs.
He was in mid-puberty with a BMI in the 93rd percen-
tile. Laboratory studies revealed hypocalcemia in the
setting of severe vitamin D deficiency, as shown in
Table 1. He had normal cortisol and thyroid levels and a
negative celiac screen. He had low vitamin A, vitamin E,
and zinc levels, with normal inflammatory markers and
fecal elastase. Electrocardiogram (ECG) showed sinus
tachycardia and borderline prolonged QTc. Thoracic
spine radiograph revealed mild loss of height in several
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midthoracic vertebral bodies, indicative of compression
fractures. He was treated with seven IV calcium gluco-
nate boluses of 30 mg/kg each, followed by 100 mg/kg/
day elemental calcium, calcitriol 0.25mcg daily, and 2
doses of ergocalciferol 50000 international units (IU)
during the first week. He was discharged on hospital day
3 on 120mg/kg/day elemental calcium, calcitriol
0.25 mg daily, and cholecalciferol 10000 IU daily, with
a calcium level of 9.4mg/dl and ionized calcium of
1.13mmol/l. Calcitriol was discontinued after 11 days,
and current medications include cholecalciferol 50000
IU weekly and 100 mg/kg/day elemental calcium.

Case 2 is an ll-year 9-month female of Yemeni
descent with no relevant medical history presenting to
the emergency department with right-sided knee pain of
1 year. She reported a diet of predominantly French fries
and rice with minimal dairy and vegetable intake. She
had tenderness to palpation of the anterior and lateral
aspects of the right knee with normal gait and range of
motion. Knee and femur radiographs were normal. She
was post-menarchal with a BMI in the 15th percentile.
Initial laboratory studies demonstrated hypocalcemia
and vitamin D deficiency, as shown in Table 1. ECG
showed a borderline prolonged QTc. She was treated
with 2 IV calcium gluconate boluses (doses of 30 and
40 mg/kg) and a dose of 50000 IU of ergocalciferol, and
then started on enteral replacement of 100 mg/kg/day
elemental calcium. She was discharged on hospital day

4 on ergocalciferol 50000 IU twice a week and 100 mg/
kg/day elemental calcium, with a calcium level of
9.1 mg/d. Her doses have been decreased to ergocalcif-
erol 50000 IU every 2 weeks and 25 mg/kg/day elemen-
tal calcium.

Case 3 is a 10-year 9-month Black male with a past
medical history of autism, eczema, asthma, and food
allergies, who was followed in rtheumatology clinic for
1-year of bilateral knee pain. He was referred to the hos-
pital for hypocalcemia on outpatient labs. He had a
limited diet with minimal dairy products. Exam was
notable for generalized musculoskeletal tenderness and
hyperreflexia with a positive Chvostek sign. He was pre-
pubertal with a BMI in the 75th percentile. Initial labo-
ratory studies are shown in Table 1. ECG displayed a
borderline prolonged QTc. Left wrist radiograph showed
osteopenia and thinning cortices with subperiosteal
reactions and fraying of the distal radial and ulnar
metaphyses, consistent with rickets. He received two [V
calcium gluconate boluses (60 mg/kg each), 1 g magne-
sium sulfate IV, and 50000 IU of ergocalciferol. He
was then placed on 90mg/kg/day elemental calcium
enterally. He was discharged on hospital day 5 on ergo-
calciferol 10000 IU daily and 90 mg/kg/day elemental
calcium, with a stable ionized calcium level of
1.09mmol/l. Doses were decreased to ergocalciferol
8000 IU daily and 30 mg/kg/day elemental calcium with
improvement in his laboratory parameters.

Table 1. Laboratory Values at Presentation of Each Patient in Case Series.

Laboratory values at time of diagnosis of hypocalcemia

Patient | Patient 2 Patient 3
Vitamin D 25-OH (Range 20.0-50.0 ng/ml) <34 4.1 <5.0
Total Calcium (Range 8.8—10.3 mg/dL) 6.3 6.3 4.9
Intact Parathyroid Hormone (Range 15.1-85.7 pg/mL) 89.0% 4553 197.0
Magnesium (Range 1.7-2.1 mg/dL) 2.2 2.0 1.6
Phosphorus (Range 3.3-5.3 mg/dL) 72 4.9 4.7
Alkaline Phosphatase (Range | 16—468 U/L) 501.0 502.0 1,052.0
Urine Calcium-to-Creatinine Ratio (Range <0.2) <0.02 <0.02 <0.02

*The intact Parathyroid Hormone in Patient | was obtained following repeated IV boluses of Calcium Gluconate.

Discussion/Conclusion

This case series suggests that the “stay-at-home orders”
and pandemic-related decrease in seasonal sun exposure
may have exacerbated vitamin D deficiency and symp-
tomatic hypocalcemia in children who were at increased
risk due to winter season, high latitude residence, and
darker complexion. All 3 patients had limited dietary
calcium intake, were not on vitamin D supplementation,
and presented at the end of winter 2021, with severe

vitamin D deficiency, symptomatic hypocalcemia,
appropriately elevated parathyroid hormone, and uri-
nary retention of calcium. The elevated phosphorus in
patient 1 was attributed to muscle breakdown from his
seizure. Although patient 1 had other nutritional defi-
ciencies, no evidence of malabsorption was found.
While it is well-known that vitamin D deficiency
can lead to hypocalcemia, there are few studies and
case reports implicating primary vitamin D deficiency
as the cause of hypocalcemia, and it is hypothesized
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that this hypocalcemia occurs in times of greater
growth and increased metabolic demand for bone.” In
the NHANES data, there was a statistically, but not
clinically, significant decrease in calcium in the vita-
min D deficient (250HD < 15ng/ml) and insufficient
groups (250HD < 30ng/ml).> Furthermore, in a study
of 51 subjects aged 10 to 13 in India with nutritional
rickets, 55% had asymptomatic hypocalcemia.® Other
studies have found that symptomatic hypocalcemia
from vitamin D deficiency primarily occurs in infants,
especially in Black infants or in the setting of maternal
vitamin D deficiency or exclusive breastfeeding.”?-12
Symptomatic hypocalcemia in children has been attrib-
uted to covered clothing, dark skin, and/or decreased
sun exposure.”!>14

Children in New York City (NYC) live in higher-pop-
ulation density areas with increased risk of COVID-19
spread, limiting their ability to safely spend time out-
side.!® The COVID-19 pandemic in NYC also dispropor-
tionately affected racial and ethnic minorities, as well as
those residing in lower socioeconomic status (SES)
neighborhoods.'® Due to public school closures, children
participated in virtual school throughout the spring and
fall of 2020, without the usual summer sun-exposure.
Lower SES and minority populations have been shown
to have access to fewer parks with more congestion.!” We
hypothesize that a combination of “stay-at-home orders,”
virtual schooling, and limited green space may have
exacerbated or contributed to symptomatic vitamin D
deficiency in the presented patients.

A recent systematic review on vitamin D deficiency
found that there is an overall recommendation for
screening, as well as a daily preventive dose, in children
at risk for vitamin D deficiency, such as those with
chronic medical conditions, dark skin, or minimal sun
exposure.'® Although none of our patients had obesity,
weight gain has been documented as an unintended con-
sequence of “stay-at-home orders” and is associated
with an increased risk of vitamin D deficiency.>!'® While
larger studies are needed to evaluate the prevalence of
vitamin D deficiency and subsequent complications in
children affected by “stay-at-home orders,” this report
aims to bring our attention to severe symptomatic vita-
min D deficiency. Given the severity of hypocalcemia in
the described patients and the cost of admissions, we
recommend that pediatricians reinforce preventative
vitamin D supplementation and actively screen and treat
vitamin D deficiency in at-risk patients.

Author Contributions

Drs. Weiner, Nichols, Rahming, and Gopalakrishnamoorthy
conceptualized the case report, drafted the manuscript, and

reviewed the manuscript. Drs. Oberfield, and Fennoy contrib-
uted to the design of the case report and critically reviewed
and revised the manuscript. All authors approved the final
manuscript as submitted and agree to be accountable for all
aspects of the work.

Consent

Written informed consent for patient information to be pub-
lished was provided by the patients’ legally authorized
representatives.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: Drs. Nichols, Rahming, and Gopalakrishnamoorthy
are supported by a NIH T32 training grant (NIH-NIDDK-
T32DK065522-16). Although Drs. Nichols, Rahming, and
Gopalakrishnamoorthy are supported by a NIH training grant,
the institution played no part in the design or conduct of the
study; collection, management, analysis, or interpretation of
the data; preparation, review, or approval of the manuscript;
and decision to submit the manuscript for publication.

ORCID iDs
Alyson Weiner https://orcid.org/0000-0002-1428-6674
Presley Nichols https://orcid.org/0000-0002-9146-3195
References

1. Holick MF. Sunlight and vitamin D for bone health and
prevention of autoimmune diseases, cancers, and cardio-
vascular disease. Am J Clin Nutr.2004;80(6 suppl):1678S-
1688S. doi:10.1093/ajcn/80.6.1678S

2. Melamed ML, Kumar J. Low levels of 25-hydroxyvita-
min D in the pediatric populations: prevalence and clinical
outcomes. Pediatr Health. 2010;4(1):89-97. d0i:10.2217/
phe.09.72

3. Webb AR, Pilbeam C, Hanafin N, Holick MF. An
evaluation of the relative contributions of exposure to
sunlight and of diet to the circulating concentrations of
25-hydroxy Vitamin D in an elderly nursing home popu-
lation in Boston. Am J Clin Nutr. 1990;51(6):1075-1081.
doi:10.1093/ajen/51.6.1075

4. Panfili FM, Roversi M, D’Argenio P, Rossi P, Cappa
M, Fintini D. Possible role of vitamin D in covid-19
infection in pediatric population. J Endocrinol Invest.
2021;44(1):27-35. doi:10.1007/340618-020-01327-0

5. Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed
ML. Prevalence and associations of 25-hydroxy Vitamin
D deficiency in US children: NHANES 2001-2004.


https://orcid.org/0000-0002-1428-6674
https://orcid.org/0000-0002-9146-3195

Global Pediatric Health

10.

11.

12.

Pediatrics.
2009-0051

2009;124(3):e362-e370. doi:10.1542/peds.

. Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang

YC. COVID-19-Related school closings and risk of
weight gain among children. Obesity. 2020;28(6):1008-
1009. doi:10.1002/0by.22813

. Ladhani S, Srinivasan L, Buchanan C, Allgrove J.

Presentation of vitamin D deficiency. Arch Dis Child.
2004;89(8):781-784. doi:10.1136/adc.2003.031385

. Agarwal A, Gulati D. Early adolescent nutritional rick-

ets. J Orthop Surg. 2009;17(3):340-345. doi:10.1177/
230949900901700320

. Aul AJ, Fischer PR, O’Grady JS, et al. Population-based

incidence of potentially life-threatening complications
of hypocalcemia and the role of Vitamin D Deficiency.
J Pediatr. 2019;211(98-104):98-104.e4. doi:10.1016/].
jpeds.2019.02.018

Kreiter SR, Schwartz RP, Kirkman HN Jr, Charlton
PA, Calikoglu AS, Davenport ML. Nutritional rick-
ets in African American breast-fed infants. J Pediatr.
2000;137(2):153-157. doi:10.1067/mpd.2000.109009
Teaema FH, Al Ansari K. Nineteen cases of symptomatic
neonatal hypocalcemia secondary to vitamin D deficiency:
a 2-year study. J Trop Pediatr. 2010;56(2):108-110.
doi:10.1093/tropej/fmp063

Basatemur E, Sutcliffe A. Incidence of hypocalcemic
seizures due to vitamin D deficiency in children in the

13.

15.

16.

17.

18.

19.

United Kingdom and Ireland. J Clin Endocrinol Metab.
2015;100(1):E91-E95. doi:10.1210/j¢c.2014-2773

Narchi H, El Jamil M, Kulaylat N. Symptomatic rickets
in adolescence. Arch Dis Child. 2001;84(6):501-503.
doi:10.1136/adc.84.6.501

Schnadower D, Agarwal C, Oberfield SE, Fennoy I, Pusic
M. Hypocalcemic seizures and secondary bilateral femo-
ral fractures in an adolescent with primary vitamin D defi-
ciency. Pediatrics. 2006;118(5):2226-2230. doi:10.1542/
peds.2006-1170

DeLuccia R, Clegg D, Sukumar D. The implications of
vitamin D deficiency on COVID-19 for at-risk populations.
Nutr Rev. 2021;79(2):227-234. doi:10.1093/nutrit/nuaa092
Webb Hooper M, Napoles AM, Pérez-Stable EJ.
COVID-19 and racial/ethnic disparities. JAMA. 2020;
323(24):2466-2467. doi:10.1001/jama.2020.8598
Rigolon A. A complex landscape of inequity in access
to urban parks: A literature review. Landsc Urban Plan.
2016;153:160-169.

Patseadou M, Haller DM. Vitamin D in adolescents: a
systematic review and narrative synthesis of available
recommendations. J Adolesc Health. 2020;66(4):388-407.
doi:10.1016/j.jadohealth.2019.08.025

Browne NT, Snethen JA, Greenberg CS, et al. When pan-
demics collide: the impact of COVID-19 on childhood
obesity. J Pediatr Nurs. 2021;56:90-98. doi:10.1016/].
pedn.2020.11.004



