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ABSTRACT

Background: Vitamin D deficiency has been associated with increased viral respiratory infections and
early-onset sepsis in neonates. Newborns are more susceptible to infections as both innate and adaptive
immune systems are not entirely developed. Neonatal sepsis is a frequent and important cause of neonatal
morbidity and mortality worldwide. The aim of the study is to determine the association of vitamin D
deficiency with early onset of sepsis among ferm neonates.

Methods: This study was conducted af Neonatal Intensive Care Unit, Ziauddin Hospital Karachi. A total of 100
neonates, with early onset sepsis (n=50) and with no sepsis (n=50as controls) were included. Blood was
drawn for CBC, CRP and Vitamin D levels with levels <20ng/ml considered as vitamin D deficiency.
Descriptive statistics were calculated. Chi square test was applied to see the association of vitamin D
deficiency with study groups. Odd rafio >1 was considered as significant.

Results: There were 64% male and 36% female among neonates with sepsis and 54% male and 46% female
among confrols. Mean time of onset of infection was 2.08+0.82 days among cases. The mean serum vitamin
D level was 10.56+5.83 ng/mL and 22.18+4.44 ng/mL among cases and conftrols respectively. Vitamin D
deficiency was observed among 88% patients with early sepsis and among 20% non-sepsis confrols and
association was found significant with an odds ratio of 29.33.

Conclusion: Vitamin D level in neonates with early sepsis was significantly lower than non-sepsis patients.
Hence, it may be a risk factor for early onset of sepsis in term neonates.
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INTRODUCTION

Septicemia still by far remains one of the most
frequent causes of neonatal mortality and morbidi-
ty worldwide!. World Health Organization estimated
about 5 million neonatal deaths a year, with 98%
occurring in developing countries?. It is an important
and common cause of morbidity and mortality in
full term as well as preterm neonates?.

The incidence of neonatal sepsis in developed
countries has reduced approximately three folds as
compared o the developing countries®. Neonatal
sepsis is defined as the presence of infection in a
neonate due to bacteria documented via positive
blood culture in the first 4-weeks of life>. Neonatal
sepsis is divided info two groups; one is early-onset
sepsis, which occurs within 7-days of life, and
second one is late-onset sepsis, which occurs

between day7 to day28 of neonatal lifes.

There is a wide array of bacterial micro-organisms
that may result in neonatal sepsis. They vary accord-
ing to the geographiclocation, socioeconomic
conditions, seasonal variation and prevalent use of
various antibiotics. Klebsiella, Staphylococcus
aureus, and E coli are the most common bacterial
organisms responsible for neonatal sepsis (early
onset) in developing countries like Bangladesh,
India, and Pakistan’. Blood culture remains a gold
standard for the diagnosis of neonatal sepsis and
thus the identification of the causative bacteria.
The present automated blood culture system,
namely BACTEC examines each bottle after an
interval of few minutes and thus helps in earlier
detection of bacterial growth®.

Vitamin D has been reported to carry immunomod-
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ulatory effects due to its hypothesized role in the
induction of antimicrobial pepfides in epithelial
cells, neutfrophils and macrophages and thus
strengthening the innate immune systemé?. Due to
underdeveloped immune systems i.e., innate and
adaptive immunity, newborns are more prone to
infections. The association between vitamin D
deficiency and susceptibility to infections in children
and newborns has been studied extensively®.

A study reported an increased incidence of devel-
opment of respiratory syncytial virus infection in
healthy infants who had decreased 25-OHD levels
in cord blood'". This study was aimed to determine
the association of vitamin D deficiency with early
onset of sepsis among term neonates. The results of
this study will help in establishing frequency of
deficiency for Vitamin-D in critically ill children suspi-
cious of neonatal sepsis.

MATERIAL AND METHOD

This study was conducted at NICU of Ziauddin
University Hospital, Karachi, from February fo August
2017. The sample size was calculated using WHO
sample size calculator. Total 100 newborns, who
were delivered between 37 to 42 gestation weeks
of either gender, were included.

Diagnosis of sepsis was made when any two condi-
fions were present i.e., Temperature <36°C at the
fime of examination /Temperature>37°C at the time
of examination /Refusal to feeding for more than 12
hours /Vomiting more than 3 in 24 hours /Respiratory
rate >60 breaths/min / Pulse >160 beat/min / Pulse
<100 beat/min /Prolonged capillary filling time >3
sec. Early onset of sepsis was considered when it
occurred within 72 hours after birth and serial
C-reactive protein level 25mg/L with either Platelets
<100x109/I or Leukocytes count (<5x109/I or
20x109/1)12.

Exclusion criteria included preterm neonates
(gestational age <37 weeks) and patients admitted
with congenital anomalies. Cases were the group
neonates with early onset of sepsis. The group not
having early onset of sepsis was considered as
Controls.

Blood was drawn for CBC, CRP, and vitamin D level.
CRP level was obtained on 2" day and the cutoff

Table 1: Descriptive statistics of cases and controls.

value =25 mg/L was considered as early-onset
neonatal sepsis. After receiving laboratory results,
diagnosis for early-onset neonatal sepsis was made
and vitamin D levels were sent to evaluate the
deficiency. For conftrols, vitamin D level was sent
along with other investigations required for the
particular disease.

Data were compiled and analyzed through SPSS.
Descriptive statistics were calculated. Chi square
test was applied to see the association of vitamin D
deficiency with the two study groups. Odds ratio >1
and p-value <0.05 were considered as significant in
all analysis.

RESULTS

The results showed that mean birth weight was
2.68+0.55 Kg in cases and 2.53+0.47 Kg in controls.
The mean CRP level was 17.9£12 mg/L in cases and
1.48+1.25 mg/L in confrols. The mean platelefs
count in cases was 113.42+51.03 x109/I and in
conftrols the mean platelet count was 214.96+62.65
x109/l. The mean leukocyte count was 22.18+12.28
x109/Lin cases and in controls it was 9.97+4.6 x109/L.
The mean time of onset of sepsis in cases was
2.1+0.83 days. The mean serum vitamin D level was
10.56+5.83 ng/mL in cases and 22.18+4.44 ng/mL in
confrols. The detailed results about descriptive
statistics are presented in Table 1.

There were 64% male and 36% female neonates in
cases and 54% males and 46% females in controls.
Results showed that among cases, 58% were
vaginal deliveries (36% spontaneous and 22% instru-
mental), and 42% were delivered through Cesarean
sections. Among confrols, 50% deliveries were
vaginal (32% spontaneous and 18% instrumental)
and an equal number of neonatfes (50%) were
delivered through Cesarean sectfions. The birth
weight, gestational age and parity were further
stratified info groups.

Vitamin D deficiency was observed in 88% cases
and 20% controls. The deficiency was significantly
associated with early onset of sepsis with an odd
ratio of 29.33 and p< 0.01. Vitamin-D deficiency was
evaluated for association with cases and controls
according to gender, gestational age, parity, birth
weight, and mode of delivery. The detailed results
of associations are presented in Table 2.

MeantSD Median | Minimum | Maximum | Range
Birth Weight (Kg) 2.68+0.55 2.70 1.50 4.60 3.10
CASES -
Gestational Age (weeks) 37.42+0.57 370 370 39.0 20
(n=50) -
Parity 2.52+1.51 20 0 6 6
CRP Level (mg/L) 17.90+£12.00 13.60 55 65.0 59.5
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Platelet Count (x109/1) 113425103 | 120,00 100 2500 | 2400
Leukocyte Count (x109/L) 2218£1228 | 2025 .50 4632 | 4482
Time of Onset (days) 2.10+0.83 2.00 1.0 30 20
Serum Vitamin D (ng/mL) 1056583 | 9.04 326 2361 | 2036
Weight (Kg) 2.5340.47 255 1.40 390 250
Gestational Age (weeks) 37.52+0.73 370 370 390 20
Parity 2.40%132 20 0 5 5
CONTROLS = ~gp Level mo/l] 148125 095 0.1 45 44
(n=50) Platelet Count (x109/1) 214966265 | 20000 | 1150 4500 | 3350
Leukocyte Count(x109/L) 9.9744.60 9.00 40 250 210
Serum Vitamin D (ng/mL) 218t444 | 2250 13.68 312 | 1755

Table 2: Comparison of Vitamin D deficiency among cases and controls.

VITAMIN D DEFICIENCY
TOTAL (n=150) YES NO
Total
n % n %

Cases 44 88.0 6 120 50

Controls 10 20.0 40 80.0 50
OVERALL

ODD Ratio 29.33

p value 0.000*

Cases 28 87.5 4 12.5 32

Controls 8 29.6 19 70.4 27
MALE GENDER

ODD Ratio 16.62

p value 0.000*

Cases 16 88.9 2 11.1 18

Conftrols 2 8.7 21 91.3 23
BIRTH WEIGHT
< 25KG ODD Ratio 84.00

p value 0.000*

Cases 21 95.5 1 4.5 22
BIRTH WEIGHT Controls 6 240 19 76.0 25
> 25KG ODD Ratio 66.50

p value 0.000*

Cases 23 82.1 5 17.9 28
BIRTH WEIGHT Controls 4 16.0 21 84.0 25
< 38KG ODD Ratio 2415

p value 0.000*

Cases 27 87.1 4 12.9 31
BIRTH WEIGHT Controls 6 18.2 27 81.8 33
> 38KG ODD Ratio 30.37

p value 0.000*

Cases 17 89.5 2 10.5 19
GESTATIONAL AGE
> 38 WEEKS Controls 4 235 13 76.5 17

ODD Ratio 27.62
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DISCUSSION

Early onset of sepsis (EOS) is one of the most import-
ant diseases affecting the newborn’s health. With
reference to the national population few studies
have been conducted to evaluate the association
between neonatal vitamin D level and early-onset
sepsis. In a study carried out in Niger delta region of
Nigeria, 18.7% of the neonates were preterm, while
3.7% were post term witha male to female ratio of
1.6:1. In addition, there were 17.2% low birth weight
neonates. Most of the neonates were admitted
after 24 hours of life with a mean age at admission
of 5.7£5.9 days13. In our study, males were é64% in
case group and 54% in control group. The females
were 36% in case group and 46% in control group.
The birth weight of cases was 2.68+0.55 kg and it
was 2.53+0.47 kg in controls.

In another study carried out in Turkey, a significant
difference was observed in vitamin D levels
between the two groups i.e., 8.6+3.1 ng/mlin cases
and19.0£4.8 ng/ml in conftrols (p-value <0.001). It
was also observed that the neonatal sepsis
observed in 84% infants were also those who were
severely Vitamin D deficient i.e., <11 ng/ml12. The
present study concluded that the Vitamin D level in
case group was 10.56+£5.83ng/mL in comparison to
the confrol group which had levels of
22.18+4.44ng/mL (p-value <0.001).

Advancement in obstetrical as well as neonatal
care over the years has led to a decrease in the
incidence of EOS, but still approximately 2.0 to 3.0%
of full-term infants died with this disease'#'®. Vitamin
D has been reported to carry antibiotic effect due
to its ability to induce anfimicrobial pepftides'¢'’. It
has also been found in literature that by decreasing
the growth of and/or killing strains of K. pneumonia,
S. pyogenes, Staphylococcus aureus, and E. coli,
Vitamin-D also serves the purpose of increasing
eradication of the invading organisms at certain
sites'®. A study reported an increased incidence of
respiratory tract infection in infants up to 3-months
of age and wheezing in early childhood in infants
who had low cord blood levels of 25-OHD"%, Few
other studies reported increased incidence of
vitamin D deficiency amongst critically il
children?'-24,

There are some limitations in our study. The lack of
measurement of maternal serum 25-hydroxyvitamin
D level in this study was a limitation. Therefore, it
cannot prove lower Vitamin D level may be due to
lower maternal serum 25-hydroxyvitamin D level.
Further, this study was a single hospital-based study
with a small sample size, and conducted in urban
environment, therefore, the results might not be
generalizable fo larger populations.

CONCLUSION

The results showed that Vitamin D level was signifi-
cantly lower in case group as compared to the
confrol group. With these findings it can be
concluded that low serum vitamin D levels is a risk
factor for early onset of sepsis in term neonates.

ACKNOWLEDGEMENTS

All praise to ALLAH for giving me the knowledge, will
and courage to complete this research. It is with
deep gratfitude, that | acknowledge the help
offered by my professor Dr. Muhammad Igbal for
providing all his guidance, support and help in the
preparatfion of this arficle. | acknowledge that
without his support this could not have been done.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES

1. Kaistha N, Mehta M, Singla N, Garg R, Chander J.
Neonatal sepficemia isolates and resistance
patterns in a tertiary care hospital of North India. J
Infect Dev Ctries. 2010;4(01):055-7.

2. Vergnano S, Sharland M, Kazembe P, Mwansam-
bo C, Heath PT. Neonatal sepsis: an international
perspective. Arch Dis Child Fetal Neonatal Ed.
2005;90(3):F220-F224.

3. Bashir S, Tayyib M, Yousef NW. Coagulation
abnormalities in neonatal sepsis- a diagnostic
approach. Pak J Pathol. 2007; 18: 119-24.

4. Khan A, Qazi A, Yousaf A, Hanif R, Agha M, Baseer
M. Differences in detection rates for serious neona-
fal diseases before and after institution of newborn
rounds by paediatricians in a private sector hospi-
fal. J Ayub Med Coll Abbottabad. 2010;22(1):143-6.
5. Stoll BJ. Pathogenesis and epidemiology. In:
Behrman RE, KliegmanRM, Jenson HB (edi). Nelson
Textbook of Pediatrics 19th Ed. Philadelphia PA;
Saunders 2011; 623-40.

6. Pawa AK, Ramiji S, Prakash K, Thirupuram S.
Neonatal nosocomial infection: profile and risk
factors. India J Paediatr. 1997;34(4):297-302.

7. Aftab R, Igbal I. Bacteriological agents of neona-
fal sepsis in NICU at Nishtar Hospital Multan. J Coll
Physicians Surg Pak. 2006;16(3):216-9.

8. Clancy N, Onwuneme C, Carroll A, McCarthy R,
McKenna MJ, Murphy N, Molloy EJ. Vitamin D and
neonatalimmune function. J Matern Fetal Neonatal
Med. 2013;26(7):639-46.

9. Kempker JA, Han JE, Tangpricha V, Ziegler TR,
Martin GS. Vitamin D and sepsis: an emerging
relationship. Dermatoendocrinol. 2012;4(2):101-8.
10. Ngjada AS, Habashneh MS, Khader M. The
frequency of nutritional rickets among hospitalized
infants and its relation to respiratory diseases.J Trop
Pediatr. 2004;50(6):364-8.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (03)



11. Belderbos ME, Houben ML, Wilbrink B, Lentjes E,
Bloemen EM, Kimpen JL, Rovers M, Bont L. Cord
blood vitamin D deficiency is associated with respi-
ratory syncytial virus bronchiolitis. Pediatrics.
2011;127(6):€1513.

12. Cetinkaya M, Cekmez F, Buyukkale G, Erener-Er-
can T, Demir F, Tunc T, Aydin FN, Aydemir G. Lower
vitamin D levels are associated with increased risk of
early-onset neonatal sepsis in term infants. J Perina-
tol. 2015;35(1):39.

13. Matthias MO, Ighosewe O I. Morbidity and
mortality pattern among neonates admitted to the
generalpaediatric ward of a secondary health care
centre in the Niger delta regionof Nigeria. Sri Lanka
JChild Heallth, 2016; 45(2):84-89.

14. Stoll BJ, Hansen NI, Sanchez PJ, Faix RG, Poindex-
ter BB, Van Meurs KP, Bizzarro MJ, Goldberg RN,
Frantz Ill ID, Hale EC, Shankaran S. Early onset
neonatal sepsis: the burden of group B Strepfococ-
cal and E. coli disease continues. Pediatrics.
2011;127(5):817.

15. Mukhopadhyay S, Puopolo KM. Risk assessment
in neonatal early onset sepsis. SeminPerinat. 2012;
36: 408-415.

16. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR,
Ochoa MT, Schauber J, Wu K, Meinken C, Kamen
DL. Toll-like receptor triggering of a vitamin D-medi-
ated human antimicrobial response. Science.
2006;311(5768):1770-3.

17.Schauber J, Dorschner RA, Coda AB, BUchau AS,
Liu PT, Kiken D, Helfrich YR, Kang S, Elalieh HZ, Stein-
meyer A, ZUgel U. Injury enhances TLR2 function and

SAMEERA SALEEM, MUHAMMAD IQBAL

anfimicrobial peptide expression through a vitamin
D-dependent  mechanism. J Clin  Invest.
2007;117(3):8083-11.

18. Youssef DA, Miller CW, El-Abbassi AM, Cutchins
DC, Cutchins C, Grant WB, Peiris AN. Antimicrobial
implicafions of vitamin D. Dermatoendocrinol.
2011;3(4):220-9.

19. Karatekin G, Kaya A, Salihoglu O, Balci H,
Nuhoglu A. Associafion of subclinical vitamin D
deficiency in newborns with acute lower respiratory
infection and their mothers. Eur J ClinNufr.
2009;63(4):473.

20. Camargo CA, Ingham T, Wickens K, Thadhani R,
Silvers KM, Epton MJ, Town Gl, Pafttemore PK, Espino-
la JA, Crane J, New Zealand Asthma and Allergy
Cohort Study Group. Cord-blood 25-hydroxyvitamin
D levels and risk of respiratory infection, wheezing,
and asthma. Pediatrics. 2011;127(1):e180-7.

21. Madden K, Feldman HA, Smith EM, Gordon CM,
Keising SM, Sullivan RM, Hollis BW, Agan AA,
Randolph AG. Vitamin D deficiency in critically il
children. Pediatrics. 2012;130(3):421.

22. McNally JD, Menon K, Chakraborty P, Fisher L,
Williams KA, Al-Dirbashi OY, Doherty DR. The associa-
tion of vitamin D status with pediatric critical iliness.
Pediatrics. 2012;130(3):429-36.

23. Grant WB. Vitamin D supplementation of mother
and infant could reduce risk of sepsis in premature
infants. Early Hum Dev. 2010;2(86):133.

24. Grant WB. Vitamin D supplementation could
reduce risk of sepsis in infants. World J Pediafr.
2010;6(2):185.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (03) 39



