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Abstract: Vitamin D is a fat-soluble vitamin that is important for calcium metabolism and plays
an important role in the immune functions. The aim of this study was to measure neonatal and
maternal 25-OH vitamin D serum levels in neonates with early onset sepsis. The study included
fifty neonates with early onset sepsis (25 full-term and 25 preterm infants) and thirty age and sex
matched healthy neonates as controls. After history taking and clinical examination, complete blood
count, C-reactive protein and 25-OH vitamin D serum levels (neonatal and maternal) were measured
for all neonates. The mean gestational age for neonates with sepsis was (37.5 £ 0.98 for full term
and 34.1 £ 1.26 for preterm neonates). Neonatal and maternal 25-OH vitamin D serum levels were
significantly lower in patients (6.4 &+ 1.8 and 24.6 £ 2.2 nmol/L) than controls (42.5 £ 20.7 and
50.4 £ 21.4 nmol/L). Significant negative correlations between neonatal and maternal 25-OH vitamin
D serum levels and all sepsis markers and significant positive correlations between neonatal and
maternal 25-OH vitamin D levels were present. At cut-off values <20 nmol/L for neonatal and
<42 nmol/L for maternal 25-OH vitamin D for detection of neonatal sepsis, the sensitivity, specificity,
positive predicted value (PPV) and negative predicted value (NPV) were 84%, 79%, 94.7% and
82.3% for neonatal and 82%, 77%, 91.4% and 80.6% for maternal 25-OH vitamin D, respectively.
Positive correlations between neonatal and maternal 25-OH Vitamin D serum levels are present and
they are negatively correlated with all sepsis markers. They can be sensitive early predictors for early
onset sepsis in neonates.
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1. Introduction

Neonatal sepsis is still a major cause of morbidity and mortality despite major advances in
neonatal intensive care units. Clinical symptoms are generally subtle, but sepsis may rapidly progress
and worsen, and may cause death within a few hours to days [1]. Many diagnostic biomarkers had
been studied up to now, but none had achieved rapid and reliable enough identification specialty of
infected neonates [2].

Early-onset sepsis (EOS) is an infection of the blood stream associated with a high morbidity
and mortality. It is usually acquired vertically from the mother and manifests shortly after birth.
In very low birth weight infants, the rates of mortality due to EOS are as high as 40%; therefore,
an early recognition and initiation of antimicrobial therapy are of great importance in order to prevent
morbidity and mortality [3]. Vitamin D, especially its active metabolite 1,25 di-hydroxy vitamin D3,
plays an important role not only in calcium homeostasis and bone remodeling, but also in the control
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of hormone secretion, immune dysfunction, cell-proliferation and differentiation [4]. Recently, it has
been well established that low levels of circulating 25-OH vitamin D have been shown to be strongly
associated with infectious diseases. Although the mechanism of 25-OH Vitamin D on enhanced
immunity is complex, it might have an important role in the optimal functions of the innate immune
system by inducing antimicrobial peptides in epithelial cells, neutrophils and macrophages [5].

2. Patients and Methods

2.1. Patients

This is a prospective case-control study that included fifty neonates with early onset neonatal
sepsis that occurred at <72 h. Criteria of neonatal sepsis included alteration in at least two of
the following clinical signs: respiratory (distress, apnea, tachypnea, or hypoxemia), cardiological
(tachycardia or bradycardia), hemodynamics (bad color, poor peripheral hypo perfusion, hypotension),
neurological (irritability, lethargy, hypotonia, hypo activity, seizures), gastrointestinal (poor feeding,
abdominal distension, feeding intolerance), temperature (fever > 38 °C, hypothermia < 36.0 °C),
and metabolic (metabolic acidosis or hyperglycemia) plus elevated immature/total neutrophils ratio
(I/T ratio) > 0.2, presence of toxic neutrophil granules or elevated white blood cell count > 25,000 mm?
at the time of evaluation [6,7].

Maternal prenatal risk factors for EOS like premature rupture of membrane > 18 h, unclean foul,
smelly turbid vaginal secretion, foul smelling liquor, maternal pyrexia with temp > 38 °C, maternal
leukocytosis > 14,000, dysuria and prolonged labor more than 24 h were studied [8].

2.2. Controls

Thirty age and sex healthy neonates with no prenatal risk factor for EOS were enrolled in the
study as a control group.

All neonates were selected from the delivery room, El-Minya University hospital (Minya, Egypt)
for children from March 2015 to May 2016. They were subjected to thorough history taking including:
gestational age, age, sex, obstetric history (maternal temperature, duration of labor, amount and color
of vaginal secretions), general examination including weight, vital signs, chest, heart, abdominal,
neurological examination, umbilical stump status (infected or not) and neonatal activity (doing or not
doing well).

2.3. Laboratory Investigations

For all neonates, two milliliters of venous blood were withdrawn under complete aseptic
conditions for complete blood count (CBC), blood culture and C-reactive protein (CRP) within the first
72 h after birth. 25-OH vitamin D serum level was measured shortly after birth (within 24 h) by ELISA
technique using Accubind ELISA micro wells (Monobind, Inc., Lakeforest, CA, USA) [9].

Another two milliliters of maternal blood were withdrawn within 24 h after birth for (25-OH
vitamin D) assessment using a radioimmunoassay method in which we used Gamma-B 25-(OH)D RIA
(IDS, Boldon, UK). The coefficient of variation (CV) for inter-assay analysis was 7.6% and sensitivity
less than 3 nmol/L. All samples were analyzed in duplicate and all duplicates with a coefficient of
variation more than 10% were reanalyzed [10].

25-OH vitamin D serum level values were categorized in descriptive analyses as sufficient with
serum levels more than 50 nmol /L, insufficient between 30-50 nmol /L and deficient when <30 nmol/L
according to institute of medicine (IOM) report and the consensus report on nutritional rickets [11-13].

The study was approved by the local research ethics committee of the El-Minya university hospital
for children and written informed consents were obtained from the parents of all neonates to share in
the study.
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2.4. Statistical Analysis

The data were statistically analyzed using the SPSS software package, version 16 (SPSS Inc., Chicago,
IL, USA) on a personal computer. Numerical data were expressed as mean =+ standard deviation (SD).
Non numerical data were expressed as frequencies. Comparative studies were done using a Student
t-test and chi-square test. (p-value < 0.05 was considered significant). Correlation coefficients were
used to describe associations between variables, and multiple regression analysis was used to detect
any relationships between the variables. Receiver operating characteristic (ROC) curve analyses with
measurements of area under the curve (AUC) were performed to identify the appropriate cut-off values.

3. Results

Fifty neonates with EOS were enrolled in this study. Twenty-five were full term who were 14 males
(56%) and 11 females (44%). Seventeen of them (44%) delivered by caesarean section with mean birth
weight 3.2 & 0.43 kg and mean gestational age 37.5 & 0.98 weeks. A history of maternal risk factors
was found in 12 (48%) of them. Another 25 preterm neonates were enrolled who were 15 males (50%)
and 15 (50%) females with main birth weight 2.78 £ 0.3 kg and mean gestational age 34.1 &= 1.26 weeks.
Eighteen (72%) of them were delivered by caesarean section and 14 (56%) of them had a history of
maternal risk factors for EOS (Table 1).

Table 1. Demographic data of studied neonates.

Item Full-term (n = 40) Preterm (n = 40)
Patients Control val Patients Control val
(n = 25) m=15) PV (y=25) m=15  PVaue
Gestational age (weeks) Mean+=SD  375+£098 37.4+£0.58 0.08 341+126 352+£214 0.15
Birth weight (kg) Mean + SD 32+043 3.19+£0.35 0.08 2784+ 03 214+0.26 0.06
Male 14 (56%) 12 (80%) 15 (60%) 8 (53%)
Gender Female 11@4%)  320%) O 10@o%) 7@ 0.63
. NVD 17 (68%) 12 (80%) 7 (28%) 3 (20%)
Mode of delivery cs 8 (32%) 3 (20%) 0.54 18 (72%) 12 (80%) 0.66
. Yes 13 (52%) 3 (20%) 14 (56%) 13 (86.6%)
Maternal risk factors No 12 (48%) 12 (80%) 0.04 11 (44%) 2 (13.4%) 0.04

SD: standard deviation; NVD: normal vaginal delivery; CS: caesarean section.

Hemoglobin level and platelets count were decreased in patients compared with controls (p < 0.001
for both) while white blood cells (WBCs), neutrophils counts, staff cells, segmented cells and 1/T ratio
all were significantly elevated in patients compared with controls (p < 0.001 for all) (Table 2).

Table 2. Some laboratory data of studied neonates.

Item Patients (n = 50) Controls (1 = 30) p-value
Hb (gm/dL) 129+ 34 154 +22 0.04
WBCs (x103/uL) 20,038 + 18,237.4 10,304 £ 3201.6 0.003
Platelets (x10%/uL) 89+ 84 255+ 5.9 0.002
Neutrophils(x 103 /uL) 63.2 £129 375+£77 0.001
Staff (x103/uL) 11.8+74 3.0+12 0.004
Segmented(x 103 /uL) 519 +11.9 344+75 0.01
ANC 11,1845+ 75.7 38472 £13.7 0.001
I/T ratio 02+01 0.1 £0.03 0.01
CRP (mg/L) 37.6 £9.02 6.0 £1.05 0.001
IL-6 (pg/mL) 139.9 +70.19 5.8 £3.8 0.001
Neonatal. 25-OH Vit.D (nmol/L) 6.4+18 246 £22 0.001
Maternal. 25-OH Vit.D (nmol/L) 425 £20.7 504 £214 0.01

Hb: hemoglobin; WBCs: white blood cells; ANC: Absolute Neutrophil Count; I/T ratio: immature/ total neutrophils
ratio; CRP: C-reactive protein; IL-6: interleukin 6.
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Neonatal and maternal serum 25-OH vitamin D levels were more significantly decreased in
preterm than in full term neonates in both groups (p = 0.02 and 0.01, respectively) and in all septicemic
neonates compared with their corresponding controls (p < 0.001).

In the patients group, 63% of women were vitamin-D deficient with vitamin-D serum levels less
than 30 nmol/L and 20% were insufficient with levels between 30-50 nmol/L, while, in the control
group, only 26% of women were 25-OH vitamin D deficient with 25-OH vitamin D serum levels less
than 30 nmol/L, and 10% were insufficient with levels between 30-50 nmol /L.

Neonatal 25-OH vitamin D serum levels were positively correlated with maternal 25-OH vitamin
D levels and negatively correlated I/T ratio (r = —0.43, p = 0.003) (Figure 1), interleukin-6 (IL-6) and
CRP (r =-0.75, p < 0.001) (Figure 2).
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Figure 1. Correlation between 25-OH vitamin D serum level and immature/ total neutrophils ratio
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Figure 2. Correlation between 25-OH vitamin D serum level and C-reactive protein (CRP) levels.

In this study, the cut-off values for predicting EOS was neonatal 25-OH vitamin D serum level
<20 nmol/L. AUC 0.87 £ 0.12 (p = 0.004) with sensitivity 84%, specificity 79%, positive predictive value
94.7% and negative predictive value 82.3%.
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Also, significant negative correlations between maternal 25-OH Vitamin D levels and I/T ratio
(r=—-043,p=0.003), CRP (r = —0.75, p < 0.001) and IL-6 were present. AUC 0.84 £ 0.23 (p = 0.02) with
sensitivity 82%, specificity 77%, positive predictive value 91.4% and negative predictive value 80.6%.

Single and multivariable logistic regression analysis with presence or absence of EOS as the
dependent variable and 25-OH vitamin D with the many other measures as independent variables
revealed that the most important factors affecting EOS were gestational age, IL-6 and neonatal 25-OH
vitamin D followed by maternal 25-OH vitamin D, CRP level, maternal risk factors and the least factors
were weight and gender.

4. Discussion

In the present study, neonates with EOS had a significantly lower level of 25-OH D (preterm
5.5 £ 2.27 nmol/L), (full term 7.3 & 6.18 nmol/L) when compared to healthy control groups of
neonates (p < 0.001) agreeing with the results of Leo et al. [14], and there were strong significant
negative correlations between 25-OH vitamin D and all sepsis markers like (I/T ratio, CRP and IL-6).
This comes in agreement with many studies reported that 25-OH vitamin D insufficiencies were
associated with higher sepsis severity [14-16].

The direction of this association between 25-OH vitamin D and EOS is open to debate. Is this
lower level of 25-OH vitamin D a risk factor for sepsis due to its important immunologic role in
pathophysiology of sepsis or is it a result of sepsis secondary to the acute inflammatory response to
EOS as part of an acute phase reaction? We think that the maternal deficiency of 25-OH vitamin D
as well as the strong correlations between maternal and neonatal 25-OH vitamin D suggest that this
deficiency preceded the onset of sepsis and was not secondary to it.

In accordance with our results, many studies reported that, during infancy, low concentrations of
cord blood 25-OH vitamin D had been associated with increased incidence of sepsis in the first year of
life [17] and available evidence suggested that 25-OH vitamin D deficiencies may be a predictor of sepsis
and/or elevated mortality rate in critically ill patients, and its deficiency is strongly associated with the
risk of blood culture positivity [18]. The proposed mechanism is that defects in macrophage functions
and the production of pro-inflammatory cytokines may occur in 25-OH Vitamin D deficiency [17-19].

The vitamin D receptor (VDR) is widely expressed in all immune cellular subsets and VDR ligation
by 25-OH vitamin D results in activation of key innate immune cells such as monocytes, macrophages,
and neutrophils leading to enhanced chemotactic, phagocytic, and bactericidal activities on important
innate immune cells [20,21] promotes the conversion of 25-OH vitamin D3 to the active form (1,25-OH
vitamin D3) and induces production of anti-microbial peptides, such as cathelicidin, which inhibit
the growth of Gram-positive and Gram-negative bacteria. The vitamin D/VDR complexes directly
induce the expression of antimicrobial proteins such as 3 -defensin or cathelicidin in cells of the innate
immune system [22].

In recent years, vitamin D was reported to have a complex effect on immune functions as
it enhanced innate immunity while it also downregulated the acquired immune responses [4,5].
The mechanical barrier of the skin and other epithelial surfaces constitute the first barrier to infections
and activated 25-OH vitamin D has an important role in maintaining the integrity of epithelial cells by
encoding the proteins needed for several tight junctions [23].

In the present study, septic neonates had an elevated CRP level compared to controls. Measurement
of CRP is considered to be of particular value as an indicator of bacterial infection [24]. However, the
utility of CRP for the diagnosis of neonatal infection has been the subject of controversy because of its
unsatisfactory sensitivity. The CRP concentration increases physiologically in newborns within the first
days after birth. This dynamic behavior may in part account for the low diagnostic accuracy of CRP
measurements in neonatal infection, particularly when measured shortly after birth [25].

Preterm neonates in this study had lower 25-OH vitamin D serum levels than full term neonates
and this is in agreement with a previous report that concluded that preterm birth before 32 completed
weeks of gestation is an independent risk factor for low 25-OH vitamin D levels at birth [26]. This could
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be explained in the light of the fact that preterm infants are at high risk for nutritional deficiencies and
25-OH vitamin D deficiency can be a part of global nutritional deficiency [8,27].

Many studies suggested that fetal and newborn concentrations of 25-OH D depend on and
correlate with the maternal serum levels as the fetus has no endogenous production of 25-OH D
and depends on transplacental transfer [28]. This occurs mainly in the third trimester, and, therefore,
as we and others previously reported, preterm infants are at increased risk of 25-OH vitamin D
deficiency [26-28], and this can explain the strong positive correlations between neonatal and maternal
serum levels as well as the significant difference between mothers of septicemic neonates and controls
as regards the state of serum 25-OH vitamin D levels [28]. On the other hand, 25-OH D deficiencies in
newborns might be due to maternal deficiency and can be a predisposing factor rather than sequelae
to early onset neonatal sepsis as we mentioned before.

In our study, both of neonatal and maternal 25-OH vitamin D serum levels were good sensitive
markers (84% and 82%, respectively) and good specific tests (79% and 77%, respectively) with positive
predictive values (94.7% and 91.4%, respectively) and negative predictive values (82.3% and 80.6%,
respectively) for early detection of neonatal sepsis, and these are in agreement with many previous
studies [27,28].

In contrary to our results, Gokhanet et al. [29] reported that high serum 25-OH vitamin D levels
are associated with pediatric sepsis, and this difference may be due to the age group and the different
sample size. In addition, Ratzinger et al. [30] reported that 1,25-OH D but not 25-OH D can predict
bacteraemia and both of them failed to predict sepsis and mortality in a prospective cohort study, but
this difference between our results and Ratzinger’s may be attributed to the age group of patients, as
all of Ratzinger’s patients were above 41 years old, the different types of infections recruited in his
study (respiratory, gastrointestinal (GIT), urological and central nervous system (CNS) infections), and,
lastly, the methodology and the time for assay of vitamin D levels.

In this study, maternal risk factors like premature rupture of membrane >18 h, unclean foul, smelly
turbid vaginal secretion, foul smelling liquor, maternal pyrexia with temperature >38 °C, maternal
leukocytosis >14,000 were significantly higher in patients group than controls, and this can reflect the
importance of maternal 25-OH vitamin D on the immune functions of the mothers themselves as well
as of their offspring.

El-Mazary et al. [31] reported that there were positive correlations between the maternal serum
levels of 25-OH vitamin D during the last trimester and with the neonatal levels of 25-OH vitamin D
as well as with the incidence of infections in the neonatal period, and these results support the results
of our study.

In this study, the interpretation of 25-OH vitamin D serum levels according to the recently
published reports [11-13] revealed that, in this study, 63% of women in the patients group were
vitamin-D deficient and 20% were insufficient, while, in controls, 26% of women were vitamin-D
deficient and 10% were insufficient, which means that there were about 45% of the total women
who were 25-OH vitamin D deficient, and 15% were insufficient in spite of our sunny environment.
This high percentage of women suffering from 25-OH vitamin D deficiency may be due to increased
time spent indoors, skin coverage with clothing and bad dietetic habits decreasing 25-OH vitamin D
absorption, a problem that needs to be studied and solved with supplementation of 25-OH vitamin D
during pregnancy [31,32].

Vitamin D deficiency is a worldwide problem [11] and many studies reported similar rates of
vitamin D deficiency in Europe, Canada and Middle Eastern countries [33-35].

A study from the Middle East showed that 72.8% of adult population had 25(OH)D deficiency
with higher incidence in women than in men (83.9% vs 48.5%, respectively) [35] and, in Boston, a study
reported that vitamin D insufficiency was present in about two thirds of healthy, young adults [36].

In the present study, multiple regression analysis with presence or absence of EOS as the
dependent variable and 25-OH D with the many other measures as independent variables revealed that
the most important factors affecting EOS were gestational age, IL-6 and neonatal 25-OHD, supporting
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the strong relationship between EOS and the previous parameters as mentioned before, especially
gestational age, which affects all other sepsis markers such as IL-6 and 25-OH vitamin D [26,27,31].

There were many limitations that had to be disclosed in this study. We measured maternal serum
25-OH vitamin D levels only at birth with no data regarding its serum levels during different trimesters,
and we could not measure vitamin D binding protein (VDP), which is essential for suggesting that the
lower levels of 25-OH vitamin D were primary and not secondary to sepsis. In addition, the sample
size of this study was small and we did not have enough data about the causative organisms of EOS
and their relation to 25-OH vitamin D.

5. Conclusions

Positive correlations between neonatal and maternal 25-OH vitamin D serum levels are present
and they are negatively correlated with all sepsis markers. They can be sensitive early predictors for
early onset sepsis in neonates. 25-OH vitamin D supplementation for pregnant women may be of
significant value in the future, and this point needs more research work.
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