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ABSTRACT

Obijective: The objective of this study was to investigate the association between 25-hydroxy vitamin D
[25 (OH)DI levels and early- and late-onset sepsis in very low birth weight (VLBW) infants.

Methods: This study was conducted between November 2016 and November 2017. VLBW of infants
below the 32" gestational week were included in the study. Serum 25 (OH)D levels were measured on
the 1t day and after one week. The infants’ demographic data such as gender and gestational week,
birth weight, maternal age, presence of early and late sepsis, mechanical ventilation duration, length of
hospital stay, and mortality rate were recorded.

Results: Sixty-six newborns followed up in the neonatal intensive care unit of our hospital were enrolled
in this study. The median value of 25 (OH)D level on the 15t day was 18.2 (5.2-28.0) ng/mL and the median
value of 25 (OH)D after the first week was 15.5 (7.5-37.8) ng/mL. A significant correlation was found
between low sepsis and 25 (OH)D levels (<20 ng/mL) measured on the first day (r=-0.557, p=0.003).
Conclusion: There was a significant association between early sepsis and low 25 (OH)D levels measured
on the first day. In addition, significant correlations were found between vitamin D deficiency and duration
of hospitalization. However, more studies are needed to reach a definite conclusion on this issue.
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0z

Amag: Bu calismada ¢ok dustk dogum agirlikli (CDDA) bebeklerde 25-hidroksi D vitamini [25 (OH)D]
dlzeyleri ile erken ve gec baslangicli sepsis arasindaki iliskiyi irdelemeyi amacladik.

Yontem: Bu calisma Kasim 2016 ile Kasim 2017 tarihleri arasinda yapilmistir. Otuz ikinci gebelik
haftasinin altinda CDDA bebekler calismaya dahil edildi. Serum 25 (OH)D duzeyleri 1. gtin ve 1. haftadan
sonra olculdl. Infantlarin cinsiyet ve gebelik haftasi gibi demografik verileri, dogum agirligl, anne yasi,
erken sepsis ve geg sepsis varligl, mekanik ventilasyon slresi, hastanede kalis stiresi ve mortalite oranlari
kaydedildi.

Bulgular: Hastanemiz yenidogan yogun bakim Unitesinde izlenen 66 yenidogan calismaya dahil edildi.
25 (OH)D seviyesinin 1. giin ortanca degeri 18,2 (5,2-28,0) ng/mL ve 1. haftadan sonra 25 (OH)D ortanca
degeri 15,5 (7,5-37,8) ng/mL idi. Birinci giin dlcilen distk 25 (OH)D duzeyleri (<20 ng/mlL) ile sepsis
arasinda istatistiksel olarak anlamli korelasyon vardi (r=-0,557, p=0,003).

Sonug: ilk giin élcilen diistik 25 (OH)D seviyeleri ile erken sepsis arasinda anlamli bir korelasyon vardi.
Ayrica D vitamini eksikligi ile hastanede kalis sUresi arasinda anlamli korelasyonlar bulundu. Ancak bu
konuda kesin bir sonuca varmak icin daha fazla calisma yapilmasina ihtiyag vardir.

Anahtar Kelimeler: D vitamini, 25 (OH)D, yenidogan sepsisi, cok dustk dogum agirligi
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INTRODUCTION

Classically, vitamin D regulates calcium and is involved
in phosphate metabolism. Vitamin D plays a critical
role in maintaining a healthy mineralized skeleton and
immunomodulatory hormone.'2 Studies have shown that
vitamin D has significant biologic activities on the adaptive
and innate systems by inducing antimicrobial peptides in
macrophages, neutrophils and epithelial cells?* Vitamin
D plays an immunomodulatory role in pediatric age
groups and newborns and deficiency of this vitamin has
been associated with asthma and respiratory infections?
Nguyen et al.® reported that vitamin D has a crucial role
in the interactions between alveolar epithelial cells and
mesenchymal cells, and it is involved in the maturation
processofthefetallungs.Vitamin D receptorsare expressed
by type 2 alveolar cells that take place in the secretion and
synthesis and surfactants in response to vitamin D. As a
new field of study, researchers have focused on the role
of vitamin D in pulmonary maturation and development
and postnatal respiratory diseases. The levels of vitamin D
in the fetus and neonates reflect those of the mother. Very
low birth weight (VLBW) infants born less than 1500 g are
deprived of nutrients that are absorbed by the fetus during
the last trimester. Low levels of vitamin D are common in
women during pregnancy, and the levels tend to be even
lower in the cord blood.

Vitamin D deficiency has been associated with an increase
in the risk of initiation and development of viral and
bacterial infections and development of viral and bacterial
infections?

Neonatal sepsis is an important cause of morbidity and
mortality in infants and is characterized by signs and
symptoms of infection with or without bacteremia in
the first month of life’ The clinical manifestations of
neonatal sepsis range in a wide spectrum from simple
subclinical infection to severe focal or systemic disease.
Neonatal sepsis is especially evident in premature or
low birth weight infants and prolonged hospitalization
and requirement of invasive procedures put them at an
increased risk for nosocomial infections® Lower levels
of neonatal 25-hydroxy vitamin D [25 (OH)D] have been
correlated with early-onset neonatal sepsis, late onset
sepsis, and increased risk of lower respiratory infections in
newborn.’2 The objective of this study was to investigate
the association between 25 (OH)D levels and early-onset
and late-onset sepsis in VLBW infants.

METHODS

This study was performed between November 2016 and
November 2017 as a prospective cross-sectional trial and
was conducted in VLBW infants below the 324 gestational
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week. Infants with congenital anomalies and a history of
maternal immunosuppressant therapy in the antenatal
period and infants receiving vitamin D before enrollment
were excluded from the study. Serum 25 (OH)D levels were
measured on the 1t day and after one week. Oral vitamin
D 400 U was administered to infants receiving enteral
nutrition and 4 cc/kg/day (Vipalipid N infant) in infants
receiving parenteral nutrition. A vitamin D level <20 ng/
mL is considered low in premature infants.>' Therefore,
the infants were divided into two groups as those with a
level of vitamin D <20 ng/mL (group 1) and those with a
vitamin D level 220 ng/mL (group 2) both at the time of
admission and after the first week.

Infants’ demographic and anthropometric data such as
gender and gestational week, birth weight, maternal age,
mode of delivery, duration of mechanical ventilation,
duration of hospitalization, mortality status, presence
of eclampsia, antenatal steroids wuse, pneumonia,
oligohydramnios, 1t and 5™ minute Apgar scores were
recorded, and early- and late-onset sepsis status was
recorded as well. Sepsis seen within the first week of life
is considered as early sepsis, and sepsis seen after the first
week is considered late sepsis.

All infants included in the study needed early surfactant
administration. Briefly, ventilation was performed with
PSV TG in accordance with the protocol of our unit and
the patients were extubated.

All included infants were assessed by echocardiography
for the presence of patent ductus arteriosus (PDA) on the
third day of life. When hemodynamically significant PDA
was diagnosed, a medical closure protocol (PO ibuprofen
for three days) was applied in accordance with our unit
protocol.

Whether there is a correlation between 25 (OH)D levels
measured on the first day and end of the first week and
early and late-onset sepsis was investigated. Respiratory
disorders, surfactant requirement, length of hospital
stay, and mortality were recorded. At the same time
the correlation between 25 (OH)D levels measured on
the first day and end of the first week and surfactant
requirement was also recorded. Therefore, the blood
samples of the infants included were collected on the
first day of admission to the neonatal intensive care unit
(NICU) and after one week. Plasma samples of neonatal
samples were separated and stored at -80°C. 25 (OH)D
levels were determined utilizing the Shimadzu LC-20AT
model high-performance liquid chromatography system.

Ethics Approval

The study was approved by the Ethics Committee of
Zeynep Kamil Maternity and Children’s Disease Health
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Training and Research Hospital (decision no: 159, date:
25.11.2016). The parents of the infants were informed about
the objectives of the study and gave written informed
consent. This study was conducted in accordance with
the Declaration of Helsinki revised 2013.

Statistical Analysis

Data obtained in this study were statistically evaluated
using Statistical Package for Social Sciences (SPSS)
version 21.0 (SPSS, IBM Inc., Chicago, IL, USA) software.
The data were assessed for normality using visual and
analytic methods. Data were tested for normality with
the Kolmogorov-Smirnov test and expressed as a mean
standard deviation (SD) or median interquartile range
(IQR) as appropriate. Categorical variables were expressed
as frequencies (n; %), normally distributed continuous
variables as meaniSD, and non-normally distributed
continuous variables as median (IQR: p25-p75) based
on the Kolmogorov-Smirnov test. Pearson correlation
analysis was used to assess the correlation between 25
(OH)D studied on the first day and after one week and
early and late onset sepsis, p<0.05 values were considered
statistically significant.

RESULTS

A total of 66 VLBW newborns followed up in the NICU of
our hospital were enrolled in the study. Of all newborns,
545 (n=36) were male and 45.5 (n=30) were female. The
median maternal age was 32 (21-46) years. Antenatal and
demographic data of the patients are presented in Table 1.

The median value of 25 (OH)D level on the Tt day was 18.2
(5.2-28.0) ng/mL and the median value of 25 (OH)D after
the first week was 15.5 (7.5-37.8) ng/mL. The distribution of
patients according to 25 (OH)D is shown in Figure 1.

Pre-eclampsia (28.79%)
oligohydramnios in 6 (9.09%) mothers. Surfactant was
required in 54 (81.82%) patients and antenatal steroids
in 32 (48.48%) patients. The median days of mechanical
ventilation was found to be 2 (0-56) days. Twenty (30.30%)
newborns had congenital pneumonia. The median total

was observed in 19 and

parenteral duration was 15 (2-52) days and the median
day to transit to enteral feeding was 14.5 (0-53) days. Early-
onset sepsis was found in 23 (38.85%) and late-onset sepsis
in 28 (44.42%) infants. The median hospitalization duration
was found to be 41.5 (2-121) days. Mortality occurred in 11
(16.67%) newborns.

Table 1. Antenatal and demographic features of the patients

Antenatal and demographic findings

Female/male infants (n, %) 45.5/54.5% (30/36)
MeantSD Median (IQR)

Gestational week 27.61+2.33 28 (26-30)

Birth weight 1000.61+266.38 985 (756-1253) g

25 (OH)D value at the 1¢t day 80.05%7.21 18.2 (5.2-28.0) ng/mL

25 (OH)D value after the 1*t week 13.19+5.19 15.5 (7.5-37.8) ng/mL

25 (OH)D: 25-hydroxy vitamin D, SD: Standard deviation, IQR: Interquartile range

25 (OH) D

30

25

10
5
0

<20 ng/mL

M at first day

>20 ng/mL

m after the first week

Figure 1. Distribution of 25 (OH)D values on the first day and after the first week

25 (OH)D: 25-hydroxy vitamin D
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There was a significant correlation between low 25 (OH)
D levels (<20 ng/mL) measured at the first day and sepsis
(r=-0.557, p=0.003). However, no statistically significant
correlation was observed between low levels of 25 (OH)D
(<20 ng/mL) measured after the first week and late sepsis
(r=0.97, p=0.094). There was a statistically significant
negative relationship between hospitalization duration
and 25 (OH)D levels in the first 24 h of life (p=0.001). No
correlation was observed between 25 (OH)D levels in the
first 24 h and mortality (r=0.492, p=0.931).

DISCUSSION

In this study, we investigated the relationship between
vitamin D and early and late sepsis. We found that low levels
of vitamin D (<20 ng/mL) were significantly correlated with
early-onset sepsis but not with late-onset sepsis. In Behera
et al.,”” low maternal and neonatal vitamin D levels were
correlated with neonatal sepsis. In a systematic review and
meta-analysis of studies investigating the effects of vitamin
D on sepsis, low levels of vitamin D in the cord blood were
significantly correlated with neonatal sepsis. The prevalence
of vitamin D deficiency was significantly higher among
neonates with neonatal sepsis. The authors concluded
that vitamin D supplementation for pregnant women and
newborns could decrease neonatal sepsis.'® Studies have
shown that vitamin D deficiency among newborns with
sepsis differs between 50% and 98.8%." In our study, 84.8%
of the infants with early or late-onset sepsis had vitamin D
deficiency. Singh et al'® reported vitamin D deficiency in
94.74% neonates born <32 weeks. Similarly, Jeengar et al.®
stated that the 25 OH-D level was significantly lower in the
early-onset neonatal group compared to the control group.
Terek et al?® found that infants with intrauterine growth
restriction had vitamin D deficiency in more than half of the
cases. Our finding is consistent with the range reported in
the literature. In Abdelmaksoud et al,.?' vitamin D deficiency
was correlated with late-onset sepsis. In addition, Dhandai
et al??2 found that neonates with vitamin D deficiency are
at greater risk of LOS than those with sufficient vitamin D
levels. In our study, we could not find such correlation. We
attributed this to the fact that the relationship between
vitamin D and sepsis does not necessarily imply causation,
and the relationship between vitamin D levels and sepsis
is complex and still the subject of ongoing research. In our
study, we included only VLBW infants. The median birth
weight was 985 (756-1253) g and the median gestational
week was 28.

Neonatal sepsis is an infectious disease that is seen within
the first 28 days of life, including bloodstream infections,
pneumonia and meningitis?? Despite the advancement
in obstetrics and delivery rooms, neonatal sepsis is still
an issue of concern in all gestational ages and various risk
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factors must be identified for the prevention of neonatal
sepsis.”

In addition to the extraskeletal system, the demonstration
of vitamin D receptors in the cells of the immune system has
drawn attention to the effects of vitamin D deficiency on the
immune system, especially in relation to sepsis; however, the
underlying process is not clear." Studies investigating the
relationship between neonatal vitamin D levels and sepsis
are limited.??42¢ Studies have reported that vitamin D has
antimicrobial implications.?” Vitamin D both enhances the
innate immunity and downregulates the acquired immune
response.®® Studies conducted on the innate immune system
reported that vitamin D activates toll-like receptors, which
promote the production of peptides such as cathelicidin
and beta-defensin that have antimicrobial effects on
bacteria, viruses, and fungi? Vitamin D has been reported
to inhibit the growth and/or kill strains of Escherichia coli,
Staphylococcus aureus, Streptococcus pyogenes, and
Klebsiella pneumoniae® Vitamin D has also been found to
prevent direct invasion of pathogenic bacteria at sites such
as the respiratory tract by enhancing the clearance of these
invading organisms. Numerous studies have associated
inadequate vitamin D concentrations with respiratory tract
infections?? In our study, 40.91% of the VLBW infants had
low vitamin D levels (less than 20 ng/mL).

In our study, there was a statistically significant negative
correlation between hospitalization duration and 25 (OH)D
levels in the first 24 h of life (p=0.001). No correlation was
observed between 25 (OH)D levels in the first 24 h and
mortality (r=0.492, p=0.931).In Mosayebi etal.*° no association
was found between the duration of hospitalization and the
rate of neonatal mortality with vitamin D status (p=0.876). We
think the difference between hospitalization outcomes might
be attributed to the fact that we included only VLBW infants
and this could prolong the length of stay in the hospital.

Study Limitations

This study has some limitations. The major limitation is the
small number of patients. In addition, we could include a
group with normal birth weight. Finally, given the limited
number on the effects of vitamin D on neonatal sepsis in
VLBW infants, we could not compare our results exactly.
However, this is one of the limited studies in the literature
on this issue, and we believe that our findings will guide
future studies.

CONCLUSION

The results of our study indicate a significant correlation
between low 25 (OH)D levels measured on the first day
and early sepsis. In addition, significant correlations
were found between vitamin D deficiency and duration
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of hospitalization. The results of this study indicate the
importance of low 25 (OH)D levels measured on the first
day in terms of morbidity, thus emphasizing that vitamin D
levels should be monitored more closely. Our results need
to be confirmed by further comprehensive randomized
controlled studies with a larger series of patients.
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