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ABSTRACT

Neonatal sepsis remains a serious problem with a high mortality and morbidity rate in neonates especially in developing countries.
The present study was designed to investigate the possible association between vitamin D level and inflammatory cytokines such as
Interleukin-6 (IL-6) and C-reactive protein (CRP) in neonates with early onset sepsis (EOS). This study was conducted on fifty full-
term neonates who, divided into 25 neonates diagnosed with EOS based on the clinical and laboratory findings (study group) and 25
healthy neonates with no signs of infection (control group). Blood samples were obtained within the first 72 hours of the neonate’s
life for measuring of CRP and IL-6 for all neonates in the two groups.25-hydroxyvitamin D (25-OHD) level was measured for all
neonates and their mothers in the two groups. Our results indicated that, the mean maternal and neonatal 25-OHD (22.30/8.56 ng
/ml respectively) were significantly lower than the control group (36.04/28.55 ng/ml respectively, p-value < 0.001), the mean IL-6
level (198.07 pg/ml) was significantly higher in the study group than the control group (24.71 pg/ml, p-value < 0.001). The cutoff
value of neonatal 25-OHD was < 11.5 ng/ml and for maternal 25-OHD was < 29.12 ng/ml. A positive correlation between maternal
and neonatal 25-OHD levels was detected, a significant negative correlation between 25-OHD level and IL-6 level in neonates with
EOS. Our study showed a significant inverse relation between 25-OHD level and IL-6 level so adequate vitamin D level could

decrease the risk of EOS in neonates.
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INTRODUCTION

eonatal sepsis is the presence of signs and

symptoms of infection with suspected or proven

bacteremia in the first 30 days of life, it is a
common disease with high morbidity and mortality
rate.”” Neonatal sepsis may be divided into three types:
early, late and very late- onset neonatal sepsis. 3 Early-
onset sepsis is mainly associated with transferring of the
infectious agents from mother to neonate within the first
72h of life. ** Foul smelling, low birth weight, meconium-
stained liquor, prematurity, premature rupture of
membranes, prolonged labor, and perinatal asphyxia are
considered the main risk factors for EOS."

Vitamin D is a fat-soluble steroid hormone which has a
part in the upkeep of ordinary calcium level and skeletal
development.6 Vitamin D also has an immunomodulatory
impact on neonates ’, It may contribute in the advancing
of the functions of the immune system by induction the
generation of antimicrobial peptides from epithelial cells,
macrophages, and neutrophils. 8 Many in-vitro studies
have reported that vitamin D supplementation inhibits
the pro-inflammatory cytokine generation in many cells
like macrophages and monocytes. °

CRP is a nonspecific marker for inflammation, neonatal
CRP >10 mg/L was related to many adverse clinical
conditions such as sepsis. *° IL-6 is a cytokine produced
by monocytes, endothelial cells, and fibroblasts."™ IL—6
level in cord blood was elevated in chorioamnionitis,

fetal infection, and funisitis. 2 The detection limit of IL-6
is >100 pg/ml. B |L-6 is the main inducer of hepatic
synthesis of proteins as CRP. 118 As IL-6 regulates the
transition from innate to acquired immunity through
induction of acute phase protein production in the liver
such as CRP and neutrophil mobilization from bone
marrow and blood vessels."” *®

This study was designed to evaluate the possible effect of
vitamin D level on inflammatory cytokines such as IL-6
and CRP in Egyptian neonates with EOS. We present
convincing evidence regarding the possible effects of
vitamin D as a protective agent in full term neonates
against EOS.

SUBJECTS AND METHODS
Study design and patients' populations

This is a single-center, prospective study was conducted
on 50 neonates and their mothers. They were divided
into two groups. Study group consisted of 25 full-term
neonates who were diagnosed to have a high probable
EOS according to the criteria defined by Gitto et al.
Control group consisted of 25 healthy neonates with the
same age and sex as the study group. For all studied
groups a complete history was taken including,
gestational age, birth weight, sex, mode of delivery,
Apgar scores and the birth season. A questionnaire was
designated to obtain information from mothers including
age, educational level, the presence of disease and the
use of maternal sun protective clothes. Seasons of birth
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were classified into three classifications: December,
January and February which is the winter, March, April,
and May which is the spring, June, July and August which
is the summer. Vitamin D deficiency was staged as severe
deficiency (serum25-OHD < 10 ng/ml), insufficiency
(serum 25-OHD between 11 and 32ng/ml), and adequate
(serum 25-OHD between 32 and 100 ng /mi).%° Al
neonates recruited between March 2016 and November
2017. from the Pediatrics Department, Tanta University
Hospital. Neonates of the study group should be a full -
term neonates (>37 weeks of gestational age), with a
high probable sepsis according to the criteria defined by
Gitto et al.'® and of either sexes. Neonates were
excluded from the study if they have risk factors such as
having chorioamnionitis, premature rupture of the
membrane, intrapartum fever, lack of laboratory data,
neonates with probable or possible sepsis according to
the criteria defined by Gitto et al. * Major congenital
anomalies and being preterm.

Sample collection and preparation

Blood samples were collected from all neonates and their
mothers within the first 72 hours of the neonates’ life,
before initiating antimicrobial therapy. Blood was
gathered, permitted to cluster and then serum was
obtained by centrifugation at 3000 rpm for 10 min. All
samples were stored frozen at g,°C till the analysis.

Biochemical markers

IL-6 and 25-OHD were tested using appropriate ELISA
kits. Serum level of IL-6 was obtained from PicoKine™
(Pleasanton, USA) for all neonates of both groups. Serum
25-0OHD levels for all neonates and their mothers of both
groups were obtained from DRG Diagnostics (25-OHD
total) ELISAEIA-5396kits (Marburg, Germany). Both tests
were done according to the protocol provided by the
manufacturers. Whole blood count (using an automated
hematology system), CRP (using latex agglutination), and
cultures were studied immediately these parameters
were determined using commercial kits from Spectrum
Diagnostics (Cairo, Egypt).

Ethical Approval

The investigation protocol of this study was in
accordance with the ethical standards of ethical
committee at College of Pharmacy, Tanta University; and
Tanta University Hospital Institutional Review Board
research committee. The study was conducted in
conformity with the standards of Good Clinical Practices
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Written
informed consent was obtained for all neonates from
their parents before including them in the study.

Statistical analysis

Data were analyzed using SPSS software, version 16.0
(Chicago, IL, USA) and presented as mean % standard
deviation (SD). The chi-square test was used to compare
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categorical variable between study and control groups.
The differences between groups in this study were
analyzed using the unpaired t-test for continuous
variables. Analysis of variance (one-way ANOVA) was
used to indicate the relation between season and 25-
OHD level. The cut-off values of IL-6 and Vitamin D with
ideal specificity and sensitivity in the diagnosis of EOS
was calculated using Receiver Operating Characteristic
(ROC) curve. A significant difference was assumed for P <
0.05.

RESULTS
Demographic and clinical characteristics

This study included 50 full-term neonates. From those
neonates,25 had EOS (study group) in which the mean
gestational age and birth weight were 38.5 +0 .5 weeks
and 2.7+ 0.4 kg, respectively.14 neonates (56%) were
male and 60% of the study group was born via cesarean
section. No significant difference was found between the
two groups in terms of sex, gestational age, mode of
delivery, maternal age and Apgar scores. In the study
group birth weight was lower than the controls, most of
the neonates were born on Winter. perinatal co-
morbidities and the use of maternal sun protective
clothes were significantly higher in the study group than
the control group. The educational status of mothers was
significantly low in the study group, mothers who never
used vitamin D and those who used it irregularly during
pregnancy were significantly higher in the study group
than the control group. In the study group 88 % neonates
had a sever 25-OHD deficiency (<11 ng/ml) which was
significantly lower than the control group.

(Table 1) showed that the white Blood Cells (WBCs), IL-6
and CRP levels were significantly higher in the study
group than the control group (p-value < 0.001 in all),
while platelet count was significantly lower in the study
group than the control group (p-value <0.001). Both
maternal and neonatal 25-OHD levels were significantly
lower in the study group than the control group.

(Table 2) showed that maternal and neonatal 25-OHD
levels of the study group were lower in all seasons than
the control group, a markedly significant increase was
found in maternal and neonatal 25-OHD levels in summer
in the study group than in other seasons.

Table (3) showed that the cutoff value of neonatal 25-
OHD was <11.5 ng/ml (sensitivity =100%,; specificity =96;
negative predictive value (NPV)=100; and positive
predictive value (PPV)= 96.2), while the cutoff value of
maternal 25-OHD was < 29.12 ng /ml (sensitivity =100%;
specificity =100%; NPV =100; and PPV =100).The best
cutoff point of IL-6, CRP for diagnosis of neonatal
sepsis were >109.85 pg/ml and > 2.99 mg/dl respectively
while the sensitivity of IL-6, CRP were 92%, 100%
respectively, specificity of IL-6 was 100 %, specificity of
CRP was 64% .
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Table 1: Biochemical tests result of the two studied groups

Groups

Study group, n=25 Control group, n=25 UL
Mean *SD Mean * SD t P-value
WBC (103/ml) 16195 + 5.518 9320 +1324 6.058 < 0.001*
Platelet count (10°/ml) 121798+24630 304789 + 24550 21.564 <0.001*
C-RP (mg /dI) 14.78+9.3 5.1+3.6 4.767 < 0.001*
IL-6 (pg/ml) 198.074 +59.58 24.71+35.46 12.500 < 0.001*
Neonatal vitamin D (ng/ml) 8.562+2.180 28.550+3.046 -26.683 <0.001*
Maternal vitamin D (ng/ml) 22.300+5.047 36.047+1.243 -13.223 <0.001*

C-RP =C-reactive protein, IL-6=Interleukin-6 &W.B. Cs= White Blood Cells, SD=standard deviation

* Representing significant difference, P- value < 0.05.

Table 2: Neonatal and maternal vitamin D levels in the study group in different season of birth

Season of birth

Winter, n =12 Spring, n=7 Summer, n=6 ANOVA
Mean + SD Mean + SD Mean + SD P-value
Neonatal vitamin D ( ng/ml) 7.423 +2.055 8.353 £1.440 11.087 £ 0.442 0.4743,0.001*b,.0.018*°
Maternal vitamin D ( ng/ml) 9.575 +3.928 22.727 +£5.081 27.253 £3.136 0.2633,0.003*b,0.14ZC

® Comparison of Winter with Spring; b Comparison of Winter with Summer; © Comparison of Spring with Summer;
SD=standard deviation; * Representing significant difference (P- value < 0.05).

Table 3: Validity and predictivety of vitamin D, IL-6 and CRP levels in the prediction of early-onset neonatal sepsis

Variable Cutoff Sens. Spec. PPV NPV Accuracy
Neonatal vitamin D (ng/ml) <11.5 100.00 96 96.2 100.00 99%
Maternal vitamin D (ng/ml) <29.12 100.00 100.00 100.00 100.00 100%

IL-6 pg/ml >109.85 92.00 100.00 100.00 92.6 99%

CRP mg/dI >2.99 100.00 64 73.5 100.00 86.2%

CRP=C-reactive protein, IL-6 = interleukin-6, NPV= negative predictive value, PPV= positive predictive value, Sens
=sensitivity; Spec=specificity.

Table 4: IL-6, CRP and neonatal vitamin D with regard to blood culture outcome in the study group

Blood culture outcome

No growth Growth LR
Mean * SD Mean * SD t P-value
IL-6 pg/ml 157.967 + 37.315 258.234 + 24.466 -7.467 <0.001*
CRP mg/dI 14.876 + 10.069 14.639 + 8.756 0.061 0.952
Neonatal vitamin D ng/ml 10.057 + 1.258 6.320 + 0.946 7.989 <0.001*

CRP=C-reactive protein, IL-6 = interleukin-6; SD=standard deviation; * significant difference, P- value < 0.05.
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(Table 4) showed that IL-6 was significantly higher in
neonates with culture-proven sepsis than the neonates
without culture-proven sepsis, while there is no
significant difference between negative blood culture
and positive blood culture in the study group with
regard to CRP level. Neonatal 25-OHD levels were a
significantly lower in neonates with culture-proven sepsis
than neonates without culture-proven sepsis.

ISSN 0976 — 044X

Correlations between neonatal 25-OHD with maternal
25-0OHD, IL-6

(Figure 1) showed a positive correlation was observed
between maternal and neonatal 25-OHD levels . (Figure 2)
showed a significant inverse relation between vitamin D
and IL-6. On contrast there was a non-significant relation
between vitamin D and CRP.

r= 0.972

P-value <0.001*
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Figure 1: Positive correlation between maternal and neonatal vitamin D level

VIT D (vitamin D ng/ml); * Representing significant difference, P- value < 0.05.

r=-0.923 P-value < 0.001*
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Figure 2: Negative correlation between IL-6 level and neonatal vitamin D level.
IL-6 =interleukin-6 ; VIT D (vitamin D ng/ml); * Representing significant difference, P- value < 0.05.

DISCUSSION In this study 48% of neonates in the study group was born
on winter, so the high rate incidence may happen due to
vitamin D deficiency in winter as there is no other cause

. . . for sepsis, this finding is similar to what Cetinkaya et al 22,
inherent in hygiene and development of potent new P g y

. . . . Amrein et al, ** and Seliem et al. ** observed, because the
antimicrobial agents. 30-50% of death in neonates in

developing countries happens due to neonatal sepsis. 2! circulating vitamin D which is mainly come from the
' exposure of skin to sunlight was suspected to be low in

Septicemia in neonates remains one of the major causes
of morbidity and mortality although the advancement
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this season. The number of mothers who preferred to
wear sun protective clothes was significantly higher in the
study group than the control group this like the results
found by Cetinkaya et al. > Maternal education status of
the study group was significantly lower than mothers of
the control group, this is similar to the results found by
Cetinkaya et al. ?and Seliem et al. **

On the other hand, Atiq et al. %> hoticed that maternal and
neonatal serum 25-OHD levels were low in a population
with high socioeconomic status, and thought that it may
be due to that pregnant woman of high socioeconomic
class prefer to live indoors with limited exposure to direct
sunlight. perinatal co-morbidities like preeclampsia,
gestational diabetes were significantly higher in the study
group than the mothers of the control group, this
opposes with what Cetinkaya et al. found.

Mothers of the study group who never used vitamin D
and those who used it irregularly during pregnancy were
significantly higher than the mothers of the control group,
this similar to the findings of Cetinkaya et al. ?2and Seliem
et al. ** who noted that lower vitamin D level was related
to insufficient supplementation of vitamin D. On contrast
Pehlivan et al. > found that neonatal vitamin D status is
more affected by the mother’s sun exposure than by her
vitamin supplementation.

This study found that neonatal and maternal vitamin D
levels were lower in the study group than the control
group, this goes with many studies which found a relation
between vitamin D deficiency and infection. 22242728
Positive correlation was detected between maternal and
neonatal 25-OHD levels, this similar with the results of
Cetinkaya et al. ?2 and Seliem et al.** In the study group,
neonates who were born on summer had a significantly
higher level of 25-OHD compared with those who were
born in other seasons. This was similar to the findings of
Cetinkaya et al. ?2and Seliem et al. **

In the study group 88 % neonates had a sever 25-OHD
deficiency (<11 ng/ml) which was significantly lower than
the control group this result is close to those of Cetinkaya
et al. ? who found that 84% of the neonates with EOS
had a sever 25-OHD deficiency.

The cutoff value for neonatal 25-OHD was 11.5 ng/ml and
for maternal 25-OHD was 29.1 ng/ml. Neonatal vitamin D
had a sensitivity of 100 %, specificity of 96 % whereas
maternal vitamin D had a sensitivity of 96%, specificity of
100 % which close to the results of Gamal et al. > who
had found that the cut-off value was < 8.01 ng/ml for
neonatal 25-OHD was<16.82 ng/ml for maternal 25-OHD.
The sensitivity, specificity, PPV and NPV were 84%, 79%,
94.7% and 82.3% respectively for neonatal and 82%, 77%,
91.4% and 80.6% for maternal 25-OHD, respectively , also
Seliem et al. ** showed that the cutoff value for neonatal
vitamin D was 14.4 ng/ml and that for maternal vitamin D
was 28.25ng/ml which may predict neonatal sepsis with
96.7% sensitivity, 96.7% specificity for neonatal vitamin D
while maternal vitamin D had 93.3% sensitivity, 96.7%
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specificity from these data we can recommend that the
determination of vitamin D level may be a good tool for
predication of early-onset neonatal sepsis.

This study assessed the relation between vitamin D
deficiency and the result of blood culture in EOS and
noted that neonatal and maternal 25-OHD levels were
significantly lower in culture-proven sepsis than
newborns without culture-proven sepsis, this differs from
the results of Cetinkaya et al. *2 who revealed that there
was no significant difference in the result of blood culture
with regard to vitamin D level.

IL-6 has been one of the most widely studied pro-
inflammatory cytokines due to its role as an infectious
marker in neonatal sepsis.”’31 This study showed that IL-6
level was significantly higher in study group than the
control group, this was similar to earlier study done by
Panero et al.*?

The cut-off value of IL-6 obtained in our study was
>109.85 pg/ml ,92 % sensitivity,100 %specificity ,100%
PPV,92.6% NPV and 99% accuracy. This may confirm the
findings of Sonawane et al. ** who showed that the
cutoff value of IL-6 was >100 pg/ml,95.83% sensitivity
and 87.50% specificity while PPV and NPV were 92% and
93.33% respectively, Kumar et al Mfound that IL-6 had a
sensitivity of 87% and specificity of 80.1%, PPV and NPV
were 80.5% and 81%, respectively.

IL-6 level was significantly higher among neonates with
positive blood culture than neonates with negative blood
culture while CRP level was non-significantly different in
terms of blood culture results. These results
corresponded with Kumar et al. ' who showed that the
sensitivity of IL-6 was higher than CRP among neonates
with positive blood culture.

In the present study, we found a significant negative
relation between neonatal vitamin D level and IL-6 level,
Zasloff et al. ** found an evidence that vitamin D has a
regulatory role on immune system. Wobke et al.>> Also,
showed there is an association between vitamin D
deficiency and a wide range of diseases. Several studies
have examined the relationship between vitamin D
supplementation and serum levels of inflammatory
markers such as CRP and cytokines. Barker et al. 36
demonstrated a positive association with interferon-y,
[IFN]-y and IL-10. Peterson et al. ¥ demonstrated a
significant inverse correlation between vitamin D and
serum tumor necrosis factor [TNF]-a. However other
studies noted that no association found with CRP, IL-6, or
IL-10 nor marked changes in serum levels of IL-4, IL-5, IL-
10, IL-13, IL-2, IL-6, [IFN]-y, and TNF-a .***

Study limitations/Recommendations

This study was self-funded and the small sample size was
the main study limitation, but we considered this study
as a pilot one providing evidence that vitamin D level is
negatively correlated with IL-6. We suggest performing
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future meta-analysis study in order to reach unanimous
&clinically relevant conclusion.

CONCLUSION

From the results of the present study we can conclude
that vitamin D level is negatively correlated with IL-6. No
significant correlation between vitamin D and CRP. IL-6
may be an early promising biomarker with a high
sensitivity and a good specificity for sepsis, especially if
combined with CRP to confirm each other’s. Low
neonatal 25-OHD level was associated with sepsis
especially with culture-proven sepsis so it can be used as
a prognostic biomarker for blood culture outcome. 25-
OHD levels in neonates were associated with maternal
levels, season of birth, and regular intake of vitamin D,
educational level and socioeconomic status of the
mother.
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