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ABSTRACT

Background: Vitamin D definitely is a marker of poor health
and immobility. When assessing vitamin D status during critical
illness, a number of ICU specific factors like fluid loading and
inflammatory status need to be taken into account.

Aim & objectives: To study the vitamin D status in children
with sepsis admitted in intensive care unit of a tertiary care
centre of North-west Rajasthan.

Material & Methods: Patients of either gender, older than 1
year and younger than 12 years with systemic inflammatory
response syndrome (SIRS) with suspected or proven sepsis,
admitted in PICU were included for the study. The level of
vitamin D was measured by VIDAS® 25 OH Vitamin D Total, It
reflects vitamin D produced cutaneously and that obtained from
food and supplements for a reliable indication of vitamin D
status.

Results: The present study observed that Out of the total 50
patients with sepsis, 60% had deficient vitamin D3 levels, 24%
had insufficient levels and 16% had sufficient vitamin D3 levels.
Most common diagnosis was lower respiratory tract infection
(36%), followed by septicaemia (16%).

Conclusion: The current picture of vitamin D and sepsis is one
of a research field early in its course with many important links

INTRODUCTION

Vitamin D refers to a group of fat-soluble secosteroids responsible
for enhancing intestinal absorption of calcium, iron, magnesium,
phosphate and zinc. In humans, the most important compounds in
this group are vitamin Ds (also known as cholecalciferol) and
vitamin D2 (ergocalciferol)'. Cholecalciferol and ergocalciferol can
be ingested from the diet and from supplements'-3. The body can
also synthesize vitamin D (specifically cholecalciferol) in the skin,
from cholesterol, when sun exposure is adequate (hence its
nickname, the "sunshine vitamin").

The importance of vitamin D on bone health and calcium
homeostasis has long been understood. However, scientists are
beginning to uncover that this steroid hormone has important roles
in the optimal functioning of many organ systems. Vitamin D
receptors and 25-hydroxyvitamin D-1a-hydroxylase (1-a-OHase)
have been discovered in many extra skeletal tissues and the
vitamin D response element (VDRE) found in over 900 genes*.
Furthermore, recent epidemiologic and clinical trials have
suggested that optimal vitamin D status may be protective against
several chronic illnesses including risk of systemic infection,
cardiovascular disease, lung disease and diabetes.5? Vitamin D is
best known for its regulation of calcium and phosphate
homeostasis and effects on bone health. Recently it has also been
found to regulate innate and adaptive immune function including
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that provide fertile ground for further investigation. Such
investigation is warranted as vitamin D is inexpensive and safe
to administer and even incremental benefits in the outcomes of
sepsis may be enacted on a scale to produce a significant
public health impact.
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differentiation and activation of macrophages, dendritic cells and
lymphocytes'0. It has also been found that low 25(OH) Vitamin D
levels have been associated with increased severity of infection
leading to sepsis'".

Sepsis is one of the leading causes of death in intensive care unit.
The incidence of sepsis remains high despite the increasing array
of powerful antibiotics'2. Higher rate of Vitamin D deficiency is
found in patients with sepsis which increases the morbidity,
mortality and length of stay in hospital’3. Thus the role of Vitamin
D in immune system has been increasingly recognized and has a
potential therapeutic use. The developing science around vitamin
D has begun to reveal potential links between its deficiency and
sepsis. The connections between these conditions are still in the
early phases of discovery. This was purpose of our study to
establish a relationship between level of Vitamin D and sepsis.

MATERIAL & METHODS

This study was conducted in Paediatric intensive care unit (PICU)
of Department of Paediatrics, S.P. Medical College and
Associated Group of Hospitals, Bikaner (Rajasthan). Patients
admitted to the PICU who fulfil inclusion criteria were enrolled.
This study was explained to the patient's parents before they are
asked to sign the Informed Consent Form.
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Patients of either gender, older than 1 year and younger than 12

years with systemic inflammatory response syndrome (SIRS) with

suspected or proven sepsis, admitted in PICU were included for

the study.

Criteria of SIRS**

The presence of at least two of the following four criteria, one of

which must be abnormal temperature and leucocyte count.

=  Core temperature of >38.5 degrees C or <36 degrees C

=  Tachycardia, defined as mean heart rate of >2SD above
normal for age in the absence of external stimuli, chronic
drugs or painful stimuli or otherwise unexplained persistent
elevation over a 30 min to 4 hr time period. For children <1yr
old, bradycardia is defined as a mean heart rate <10
percentile for age in absence of external vagal stimulus, beta
blockers drugs, or congenital heart disease or otherwise
unexplained persistent depression over a 30 min time period.

=  Mean respiratory rate >2 SD above normal for age or
mechanical ventilation for an acute process not related to
underlying neuromuscular disease or the receipt of general
anaesthesia.

= Leukocyte count elevated or depressed for age (not
secondary to chemotherapy —induced leucopenia) or >10%
immature neutrophils.

For measurement of vitamin D, fresh blood sample was taken

within 24 hours of admission in PICU and level of vitamin D was

measured by VIDAS® 25 OH Vitamin D Total, which is an

automated quantitative test for the determination of 25-

hydroxyvitamin D Total in human serum or plasma using the ELFA

(Enzyme Linked Fluorescent Assay) technique. It reflects vitamin

D produced cutaneously and that obtained from food and

supplements for a reliable indication of vitamin D status.

The VIDAS® 25 OH Vitamin D Total reference range is compliant

with international clinical recommendations’®. It enables clinicians

to confidently establish a patient’s vitamin D status and determine

the appropriate supplementation.

Performance

VIDAS® 25 OH Vitamin D Total is very well correlated to the

Liquid Chromatography-Mass Spectrometry/Mass Spectrometry

(LC-MS/MS) reference method. It offers the same high degree of

precision and is easy to perform in any lab for rapid results.

Results were analyzed according to following biological analysis

value.

=  Deficiency < 20ng/ml "

= Sufficiency — 30-100ng/ml =

Insufficiency — 20-30ng/ml
Toxicity > 100ng/ml

Status

Deficient  Insufficient Sufficient

Potential toxicy

|

100 ng/mi

0ngml 30ng/ml
References range of VIDAS 25 OH Vitamin D Total

RESULTS

The present study observed that 16 were females and 34 were
males were statistical analysis, at vitamin D3 levels <20 and 20-29
the difference was found insignificant (p>0.05) while at vitamin D3
level 30-100 the difference was found statistically significant
(p<0.05) (Table 1).

According to diagnosis, Most common diagnosis was LRTI (36%),
followed by septicaemia (16%), meningitis (16%), Acute asthma
(6%), Acute Liver failure, DKA, Malaria (4% each), Age with
severe dehydration, shock, GBS, Pertusis encephalopathy, septic
arthritis and UTI (2% each) (Table 2).

According to outcome the difference was found insignificant at
vitamin D3 level <20 and 20-29 while significant difference was
found at vitamin Ds level 30-100 (Table 3).

DISCUSSION

In the present study out of the total 50 patients 30 patients (60%)
were in the deficient group. 12 patients 924%) were in the
insufficient group and 8 patients (16%) were in the sufficient
group. hence 42(84%) patients had vitamin Ds levels <30 ng/ml.
Our results were similar to a study done by Ginde et al', Jeng et
al's, Satheesh et al'” and Amrein et al'® they suggested that
vitamin D has important modulatory effects on the innate immune
response to LPS-induced sepsis. In the year 2006 Sadeghi et al®
demonstrated that human monocytes stimulated with LPS and
treated with 1,25-dihydroxyvitamin D (1,25(0H)2D), showed dose-
dependent decreases in TLR2 and TLR4 synthesis, with an
increase in CD14, a TLR co-stimulatory molecule. They further
found that 1,25(0OH)2D decrease TNFa and tissue factor, both end
products of LPS activation and important inflammatory molecules
in sepsis. These effects were reversed with the introduction of a
VDR antagonist, reinforcing a key role of vitamin D in this
signaling mechanism.

Table 1: Distribution of cases according to sex

Sex Vitamin D3 Level Total
<20 (Deficiency) 20-29 (Insufficiency) 30-100 (Sufficiency)
No. % No. % No. % No. %
Female 12 40.0 4 333 0 - 16 320
Male 18 60.0 8 66.7 8 100.0 34 68.0
Total 30 100 12 100 8 100 50 100
2 2.205 0.019 4.481
P >0.05 >0.05 <0.05
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Table 2: Distribution of cases according to examination of diagnosis

Diagnosis VITD3GP Total
<20 20-29 (Insufficiency) 30-100

(Deficiency) (Sufficiency)

No. % No. % No. % No. %
Acute Asthma 1 3.3 2 16.7 0 - 3 6.0
Acute Liver Failure 1 3.3 1 8.3 0 - 2 4.0
AGE with Severe Dehydration, 1 3.3 0 - 0 - 1 2.0
Shock
DKA 2 6.7 0 - 0 - 2 4.0
GBS 0 - 1 8.3 0 - 1 2.0
LRTI 12 40.0 2 16.7 4 500 18 36.0
Malaria 1 3.3 0 - 1 12.5 2 4.0
Meningitis 4 13.3 3 25.0 1 12.5 8 16.0
Pertusis Encephalopathy 0 - 1 8.3 0 - 1 2.0
Septic Arthritis 1 3.3 0 - 0 - 1 2.0
Septicemia 5 16.7 1 8.3 2 25.0 8 16.0
uTl 1 3.3 0 - 0 - 1 2.0
Total 30 100 12 100 8 100 50 100

Table 3: Distribution of cases according to outcome
Outcome Vitamin D3 Level Total
<20 (Deficiency) 20-29 (Insufficiency) 30-100 (Sufficiency)
No. % No. % No. % No. %

Discharge 26 86.7 11 91.7 7 87.5 44 88.0
Expired 4 13.3 1 8.3 0 - 5 10.0
Referred 0 - 0 - 1 12.5 1 2.0
Total 30 100 12 100 8 100 50 100
2 2.348 0.384 6.202 6.441
P >0.05 >0.05 <0.05 0.169

In our study most common diagnosis was lower respiratory tract
infection (36%). Other diagnoses were septicemia (16%),
meningitis (16%), acute asthma (6%) acute liver failure (4%),
diabetic ketoacidosis (4%), malaria (4%), acute gastroenteritis
with shock (2%), GBS (2%), pertussis encephalopathy (2%),
septic arthritis (2%) and urinary tract infection (2%). Our
observations were similar to a study done at St. Vincent Hospital,
Sydney by Lee et al?%in 2009 and Azim et al?' in 2013. Vitamin D
acts in the local tissue response to infection? and is integral to the
production of antimicrobial peptides (AMPs)2. A landmark study
by Liu and colleagues?* in 2006 revealed the critical role of vitamin
D in the macrophage response to Mycobacterium tuberculosis via
the AMP cathelicidin. The active fragment of cathelicidin is LL-37,
which has been shown to be produced by phagocytic leukocytes,
mucosal epithelium, and keratinocytes and to be present in
mucosal secretions and plasma?. Its immune functions include
direct bactericidal activity as well as disruption of Pseudomonas
aeruginosa biofilms, promotion of phagocytosis and reactive
oxygen species, and chemotaxis of other immune cells to sites of
infection?.

The results of the clinical science of vitamin D and sepsis are
mixed, yet it would be simplistic to dismiss this field of research on
such grounds. The failure of vitamin D to produce effects in the
current observational literature may be a result of study design
and insufficient power to reveal a mortality difference. Interest for
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a treatment affecting sepsis mortality, it may be unrealistic to
power a study to show such a difference.

CONCLUSION

The multiple functions of vitamin D in the immune system’s
response to infection suggest it may be an integral component in
combating sepsis. Furthermore, clinical data also point toward a
role of vitamin D and critical illness but a direct relationship with
sepsis and its severity and outcomes is yet to be determined by
further research. the current picture of vitamin D and sepsis is one
of a research field early in its course with many important links
that provide fertle ground for further investigation. Such
investigation is warranted as vitamin D is inexpensive and safe to
administer and even incremental benefits in the outcomes of
sepsis may be enacted on a scale to produce a significant public
health impact.
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