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ABSTRACT

Neonatal sepsis is a leading cause of morbidity and mortality worldwide, and one of the most common causes of
neonatal death (15%). Early-onset neonatal sepsis (ESNAD) has a higher case-fatality rate than late-onset neonatal
sepsis (SNAL). The gold standard for neonatal sepsis diagnosis is bacterial detection through blood culture, but this
test has limitations such as being time-consuming and not being available in all health facilities. This study aims to
determine the relationship between perinatal risk factors, hematological parameters in infants, procalcitonin, IL-18
with the incidence of SNAD. The population of this study were all babies who had risk factors for SNAD according to
the PP Idai UKK Neonatology Clinical Practice Guidelines. The research sample was infants from an accessible
population who met the inclusion and exclusion criteria. To fulfill statistical rules and fulfill the requirements for data
analysis, in this study a minimum of 30 of each will be taken. The use of umbilical cord blood is a promising
diagnostic tool in the diagnosis of SNAD. The IT and CRP ratios are elevated in umbilical cord blood from birth and
are good indicators for detecting SNAD in infants at risk of infection. Umbilical blood procalcitonin is elevated in
infants born >32 weeks with proven sepsis and low in infants with risk factors but without proven sepsis. Therefore, it
is concluded that umbilical blood procalcitonin is a promising biomarker for detecting SNAD. IL-18 serves as a risk
variable for neonatal sepsis. IL-18 has good discriminatory ability in the diagnosis of neonatal sepsis.
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INTRODUCTION

Neonatal sepsis is a leading cause of morbidity and mortality worldwide, and one of the most
common causes of neonatal death (15%) of all neonatal deaths (Choudhary et al., 2017). The World
Health Organization (WHO) estimates that there are 2.9 million deaths worldwide due to sepsis
each year (44% of which are in children under 5 years of age), and a quarter of these are due to
neonatal sepsis (Fleischmann et al., 2021). The incidence of neonatal sepsis in developing countries
ranges from 7.1 to 38 per 1,000 live births, while in developed countries it ranges from 1 to 5 per
1,000 live births (Kamalakannan, 2018). The Indonesian Demographic and Health Survey (SDKI)
reported that the Neonatal Mortality Rate (NAR) in 2017 was 15 per 1,000 births, while the
Sustainable Development Goals (SDGs) target this to be 12 per 1,000 births by 2030. One
important cause contributing to the high mortality rate and severity of neonatal illness is neonatal
sepsis (Kartika et al., 2022).

Early-Onset Neonatal Sepsis (NAS) has a higher case-fatality rate than late-onset neonatal sepsis
(NAS) (Camacho-Gonzalez et al., 2013; Hayun, 2015). The case-fatality rate for early-onset sepsis
ranges from 16.7% to 19.4%, with bacteria being the most common cause (Polin et al., 2012). In
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addition to high mortality, neonatal sepsis also causes significant morbidity, both short-term and
long-term, including neurodevelopmental impairment (Zea-Vera and Ochoa, 2015). Delayed
diagnosis contributes to the high incidence and mortality of neonatal sepsis. This is due to the
difficulty in identifying classic signs of sepsis in newborns. Over 90% of cases of ADSN present
with at least one symptom, but asymptomatic bacteremia also occurs. Furthermore, many newborns
are infected by their mothers but do not develop symptoms immediately after birth. Conversely, not
all infants with mothers with risk factors develop neonatal sepsis (Polin et al., 2012; Brady and
Polin, 2013).

The gold standard for diagnostic neonatal sepsis is the detection of bacteria from blood cultures, but
this test has limitations: it is time-consuming and not all healthcare facilities are capable of
performing it (Shirazi et al., 2010; Narasimha and Harendra Kumar, 2011). Negative cultures are
often obtained due to insufficient blood sample volume and a high risk of contamination with
commensal bacteria on the skin (M Paolucci et al., 2012; Shah and Padbury, 2014; van Herk et al.,
2016). One diagnostic tool for neonatal sepsis is the ratio of immature neutrophils to total
neutrophils (IT ratio). An IT ratio, leukopenia, and neutropenia suggest bacterial infection in
ADSN. Meanwhile, leukocytosis, neutrophilia, and an increased IT ratio are associated with ADSN.
The commonly used reference value for the IT ratio is >0.2. The neutrophil-lymphocyte ratio (NLR)
is a risk factor for sepsis that is gaining increasing attention. Research by Sumitro et al. concluded
that the NLR can be used as an alternative marker for neonatal sepsis that is easy and relatively
inexpensive, especially in developing countries (Sumitro et al., 2021).

A study by Khalthia et al., showed that the use of umbilical blood is a promising diagnostic tool in
the diagnosis of ADSN (Kalathia et al., 2013). Umbilical blood cultures detect organisms
comparable to peripheral venous blood cultures (Mulay et al., 2022). Many studies have measured
inflammatory markers of sepsis from peripheral venous blood, usually 12-24 hours after birth, in
predicting ADSN, but very few studies have tested CBC parameters, IT ratio, CRP in newborns
with premature rupture of membranes and other infection risk factors using umbilical blood samples
at birth in predicting ADSN. A study conducted by Shakhwat Alam et al., found that the IT ratio
and CRP were increased in umbilical blood from birth and were good indicators in detecting ADSN
in infants at risk of infection (Shakhawat Alam et al., 2021). Umbilical blood procalcitonin is
increased in infants born >32 weeks with proven sepsis and is low in infants with risk factors but no
proven sepsis. Therefore, it is concluded that umbilical blood procalcitonin is a promising
biomarker for detecting ADSN (Dongen et al., 2021) (Akbarian-rad et al., 2021). IL-18 is a member
of the IL-1 superfamily and has an important role in the inflammatory process (Kaplanski, 2018).
IL-18 functions as a risk variable for neonatal sepsis. ROC curve analysis confirmed that IL-18 has
good discriminatory ability in the diagnosis of neonatal sepsis (Li et al., 2022). The relationship
between neonatal sepsis and umbilical blood IL-18 levels has not been studied to date. This study
aims to determine the relationship between perinatal risk factors, hematological parameters in
infants, procalcitonin, IL-18 with the incidence of SNAD.

METHOD

This research is an observational study with a case control study design. The sample was selected
using non-probability sampling using consecutive techniques. The population of this study were all
babies who had risk factors for SNAD according to the PP Idai UKK Neonatology Clinical Practice
Guidelines. The research sample was infants from an accessible population who met the inclusion
and exclusion criteria. To fulfill statistical rules and fulfill the requirements for data analysis, in this
study a minimum of 30 of each will be taken. Data analysis was conducted in three stages, namely
univariate analysis, bivariate analysis and analysis of the scoring system determination. Variables
that will be included in the statistical analysis with logistic regression, with variables that can be
assessed if they have a p value <0.25.
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RESULT
Table 1.
Laboratory Findings in Neonatal Sepsis

Examination Values Indicating Sepsis

CBC

Trombosite <150.000/puL

Absolute neutrophil count <1500/puL (mild)
<1000/puL (moderate)
<500/uL (severe)

IT Ratio >(0,2

IT? >0,02

CSF Examination

Leukocytes >20 mm?

Protein Ter, > 100 mg/dL
Preterm > 290 mg/dL

<70-80% from serum levels
Glucose Biomarker

CRP >1 mg/dL
Prolactin >1 mg/mL
Presepsin >850 ng/mL

Abbreviations: IT, immature to total neutrophil ratio; CRP, c-reactive protein

Source : (Glazer et al., 2020)

Neonatal Sepsis Diagnosis
Table 2.
Hematology scoring system by Rodwell et al., for the diagnosis of SNAD

Criteria Abnormality Score

Leukocytes <5,000/ul
>25,000 at birth
>30,000 at 12-24 hours
>21,000 at > 48 hours
PMN (polymorphonuclear neutrophils) No found mature PMNs
Increase/decrease
1800-5400
Immature PMN count Increase
600
MN [:T ratio (Immature: Total) Increase
<0,120
PMN I:M ratio (Immature: Mature) >0,3
<0,3
Degenerative changes in PMNs Toxic granular/cytoplasmic vacuoles
Trombosite <150,000/pl

—_—m O = O = O = O = N = = e

Source : (Rodwell et al., 1988)

DISCUSSION

Supporting Tests

Diagnosing neonatal sepsis remains a challenge for clinicians due to the wide variety of symptoms.
A rapid and accurate diagnostic test that can be used as a definitive guideline for establishing a
neonatal sepsis diagnosis has yet to be developed. Blood culture is the gold standard for diagnosing
sepsis, but because results take a long time to obtain, additional tests are needed to provide prompt
empirical therapy. Other tests include a complete blood cell count (CBC), polymerase chain
reaction (PCR), CRP (c-reactive protein), procalcitonin, and inflammatory markers such as IL-6,
IL-8, and tumor necrosis factor alpha (TNF-alpha). PCR testing is a sensitive and rapid technique,
making it increasingly used in the examination of various body fluid specimens, without the need to
wait for culture results (Hammad and Ms, 2018; Oeser et al., 2020).
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Hematological parameters, such as the ratio of immature (I) to total (T) PMNs (PMN L:T ratio), the
ratio of immature (I) to mature (M) PMNs (PMN I[:M ratio), and degenerative changes in PMN:ss,
along with the PMN I:M ratio, are the most reliable tests for the early diagnosis of sepsis and can be
assessed through a peripheral blood smear. Red cell distribution width (RDW) can increase in
conditions of ineffective red blood cell production or increased red blood cell destruction, which
commonly occurs during inflammation or infection. In sepsis, inflammatory mediators such as IL-6,
TNFa, and proinflammatory cytokines cause erythrocyte hemolysis, suppressing erythropoiesis and
erythrocyte maturation in erythroid tissue. An increase in RDW levels can reflect the degree of
ongoing inflammation and oxidative stress and provide prognostic information regarding the risk of
death (Lakhey and Shakya, 2017; Sukewanti et al., 2019). Other biomarkers have been extensively
investigated, particularly to support the diagnosis when culture results are negative. The most
widely investigated biomarkers are CRP and procalcitonin. Procalcitonin has a higher sensitivity in
the early stages of sepsis than CRP because it is detected 3 hours after exposure and peaks at 6
hours. C-reactive protein begins to increase 10 to 12 hours after pathogen exposure and peaks at 48
to 72 hours (Hedegaard et al., 2015; Iroh Tam and Bendel, 2017; Shane et al., 2017). IL-18 is a
cytokine that stimulates various cell types and has pleiotropic functions. IL-18 was initially
discovered as a factor that increases IFN-y production from anti-CD-3-stimulated Thl cells,
particularly in the presence of IL-12. After stimulation with IL-12, naive T cells develop into IL-18
receptor (IL-18R) expressing Thl cells, which increase IFN-y production in response to IL-18
stimulation (Simonsen et al., 2014).

Hematology and culture tests using neonatal umbilical blood samples are currently being developed
for the diagnosis of ADSN. The parameters tested include CBC, IT ratio, CRP, and blood culture.
Shakhawat Alam et al. (2021) conducted a study on umbilical blood tests for ADSN screening in
147 neonates at risk of infection. Of the several parameters studied, CRP and IT ratio from
umbilical blood were found to be statistically significantly increased in neonates at risk of infection,
with significantly better accuracy than venous blood samples. CRP in umbilical blood had a
sensitivity, specificity, PPV, and NPV of 100%, 89.3%, 43.9%, and 100%, respectively. While the
sensitivity, specificity, PPV, and NPV of CRP from venous blood samples were 100%, 77.1%,
27.3%, and 100%, respectively. Other parameters such as procalcitonin can also be examined
through umbilical blood samples, umbilical blood procalcitonin examination can be useful to
differentiate infected and healthy newborns with or without risk factors for sepsis.

The diagnosis of sepsis cannot rely solely on culture results from either venous or umbilical blood
samples, as false-negative results can still occur (Oeser et al., 2020). A diagnosis cannot be made
solely based on clinical presentation or other hematological tests. Therefore, several researchers
have developed a system that integrates all data, including clinical presentation, hematological tests,
cultures, and other predictors, to diagnose neonatal sepsis more accurately and quickly. Observing
clinical symptoms in the first hour after birth is a safe option and can reduce the need for in-hospital
diagnostic tests and unnecessary antibiotic use (Montaner Ramon et al., 2023).

Assessment of each hematological parameter using the hematological scoring system proposed by
Rodwell et al. can be used for the first time to establish an early diagnosis of sepsis in neonates
(Rodwell et al., 1988; Saleem et al., 2014; Deleon et al., 2015; Iskandar et al., 2016).

CONCLUSION

Therefore, it is concluded that umbilical blood procalcitonin is a promising biomarker for detecting
SNAD. IL-18 serves as a risk variable for neonatal sepsis. IL-18 has good discriminatory ability in
the diagnosis of neonatal sepsis.

REFERENCES

Afonso, E. and Blot, S. 2017. Effect of gestational age on the epidemiology of late onset sepsis in
neonatal intensive care units: a review. Expert Rev Anti Infect Ther, 15(10), pp. 917-924.
Available at: https://doi.org/10.1080/14787210.2017.1379394.

984



Indonesian Journal of Global Health Research, Vol 7 No 6, December 2025

Akbarian-rad, Z., Ehsani, S., Hajiahmadi, M. and Haghshenas-Mojaveri, M. 2021 Umbilical cord
serum procalcitonin, as an early diagnostic marker of early neonatal sepsis. Caspian Journal of
Pediatrics, 7(1), pp. 509-515. Available at: http://caspianjp.ir/article-1-143-en.html.

Berlak, N., Shany, E., Ben-Shimol, S. and al, E. 2018. Late onset sepsis: comparison between
coagulase-negative Staphylococci and other bacteria in the neonatal intensive care unit’,
Infect Dis (Lond), 50(10), pp. 764-770. Available at:
https://doi.org/10.1080/23744235.2018.1487075.

Brady, M.T. and Polin, R.A. 2013. Prevention and management of infants with suspected or proven
neonatal sepsis. Pediatrics, 132(1), pp- 166—168. Available at:
https://doi.org/10.1542/peds.2013-1310.

Camacho-Gonzalez, A., Spearman, P.W. and Stoll, B.J. 2013. Neonatal Infectious Diseases.
Evaluation of Neonatal Sepsis.’, Pediatric Clinics of North America, pp. 367-389. Available
at: https://doi.org/10.1016/j.pcl.2012.12.003.

Choudhary, D.D., Tiwari, D.A K., Narang, D.S. and Chhabra, D.J. 2017. Correlation of platelet
count and platelet indices with neonatal sepsis-diagnostic and prognostic indicator. Pediatric

Review: International Journal of Pediatric Research, 4(8), pp. 511-518. Available at:
https://doi.org/10.17511/1jpr.2017.108.03.

Cuenca, A.G., Wynn, J.L., Moldawer, L.L. and Levy, O. 2013. Role of innate immunity in neonatal
infection. American Journal of Perinatology, 30(2), pp. 105-112. Available at:
https://doi.org/10.1055/s-0032-1333412.

Delaney, R.M., Frazer, L.C., Lane, M. and Bauserman, M.S. 2019. The immune system in A.J. Jnah
and A.N. Trembath (eds) Fetal and Neonatal Physiology for the Advanced Practice Nurse.
New York: Springer Publishing Company, pp. 267-306.

Deleon, C., Shattuck, K. and Jain, S.K. 2015. Biomarkers of neonatal sepsis. NeoReviews, 16(5),
pp. €297--e308. Available at: https://doi.org/10.1542/neo0.16-5-€297.

Dong, Y., Glaser, K. and Speer, C.P. 2019. Late-onset sepsis caused by gram negative bacteria in
very low birthweight infants: a systematic review. Expert Rev Anti Infect Ther, 17(3), pp.
177—-188. Available at: https://doi.org/10.1080/ 14787210.2019.1568871.

Dongen, O.R.E. et al. 2021. Umbilical Cord Procalcitonin to Detect Early-Onset Sepsis in

Newborns: A Promising Biomarker. Frontiers in Pediatrics, 9(December), pp. 1-12. Available
at: https://doi.org/10.3389/fped.2021.779663.

Fleischmann, C. et al. 2021. Global incidence and mortality of neonatal sepsis: A systematic review
and meta-analysis. Archives of Disease in Childhood, 106(8), pp. 745-752. Available at:
https://doi.org/10.1136/archdischild-2020-320217.

Glaser, M. and et al. 2020. Neonatal sepsis. Advances in Neonatal Care, 21(1), pp. 49-60.

Glazer, M.A., Hughes, L.M., Jnah, A. and Newberry, D. 2020. Neonatal Sepsis - A Review of
Pathophysiology and Current Management Strategies. Practise Improvements in Neonatal
Care, 21(1), pp. 49-60. Available at: https://doi.org/10.1097/ANC.0000000000000769.

Greenfield, K.G., Badovinac, V.P., Griffith, T.S. and Knoop, K.A. 2021. Sepsis, Cytokine Storms,
and Immunopathology: The Divide between Neonates and Adults. ImmunoHorizons, 5(6), pp.
512-522. Available at: https://doi.org/10.4049/immunohorizons.2000104.

Hammad, E. and Ms, Z. 2018. Meta-Analysis on Factors Influencing Early Onset Neonatal Sepsis,
Scholar Journal of Applied Sciences and Research.

985



Indonesian Journal of Global Health Research, Vol 7 No 6, December 2025

Hayun, M. 2015. The Risk Factors of Early Onset Neonatal Sepsis. American Journal of Clinical
and Experimental Medicine, 3(3), p. 78. Available at:
https://doi.org/10.11648/j.ajcem.20150303.11.

Hedegaard, S.S., Wisborg, K. and Hvas, A.M. 2015. Diagnostic utility of biomarkers for neonatal
sepsis - a systematic review. Infectious Diseases. Taylor and Francis Ltd., pp. 117-124.
Available at: https://doi.org/10.3109/00365548.2014.971053.

van Herk, W., Stocker, M. and van Rossum, A.M.C. 2016. Recognising early onset neonatal sepsis:
an essential step in appropriate antimicrobial use. Journal of Infection, 72, pp. S77-S82.
Available at: https://doi.org/10.1016/j.jinf.2016.04.026.

Iroh Tam, P.Y. and Bendel, C.M. 2017. Diagnostics for neonatal sepsis: Current approaches and
future directions. Pediatric Research. Nature Publishing Group, pp. 574-583. Available at:
https://doi.org/10.1038/pr.2017.134.

Iskandar, A.T.P. et al. 2018. Buku Panduan Pelayanan Neonatal UKK Neonatologi PP IDAI. Edisi
Pert. Jakarta: IDAL

Iskandar, T.R., Dalimoenthe, N.Z., Yuniaty, T. and Turbawaty, D.K. 2016. Validitas Skoring
Hematologi Rodwell Untuk Deteksi Dini Sepsis Neonatorum Awitan Dini. Sari Pediatri,
16(5), p. 330. Available at: https://doi.org/10.14238/sp16.5.2015.330-6.

Jaringan Nasional Pelatihan Klinik. 2021. Sepsis Neonatorum in Pelatithan Klinik Pelayanan
Obstetri & Neonatal Emergency Komprehensif ( PONEK - OTV) Buku Acuan Neonatal
(Reference Manual), pp. 11.1-11.7.

Kalathia, M. et al. 2013. Study of umbilical cord blood culture in diagnosis of early-onset sepsis
among newborns with high-risk factors’, Journal of Clinical Neonatology, 2(4), p. 169.
Available at: https://doi.org/10.4103/2249-4847.123092.

Kamalakannan, S.K. 2018. Neonatal Sepsis Past to Present’, Biomedical Journal of Scientific &
Technical Research [Preprint]. Available at: https://doi.org/10.26717/bjstr.2018.03.000909.

Kaplanski, G. 2018. Interleukin-18: Biological properties and role in disease pathogenesis’,
Immunological Reviews, 281(1), pp- 138-153. Available at:
https://doi.org/10.1111/imr.12616.

Kartika, N. et al. 2022. Faktor Resiko Dan Manifestasi Klinis Pasien Sepsis Neonatorum Di Abstrak
Risk Faktor And Clinical Manifestation Of Neonatal Sepsis Patients At DR. Soetomo
Regional General Hospital, Surabaya In 2019 Abstract Pendahuluan Hasil Survei Demografi
dan Kesehata’, Majalah Kesehatan, 9(1), pp. 16-28.

Korir, M.L., Manning, S.D. and Davies, H.D. 2017. Intrinsic Maturational Neonatal Immune
Deficiencies and Susceptibility to Group B Streptococcus Infection’. Available at:
https://doi.org/10.1128/CMR.

Kundu, S., Tabassum, S. and Kumar, R. 2020. A perspective on sepsis pathogenesis, biomarkers and
diagnosis: A concise survey’, MEDICAL DEVICES & SENSORS, 3(4). Available at:
https://doi.org/10.1002/mds3.10089.

Lakhey, A. and Shakya, H. 2017. Role of Sepsis Screening in early diagnosis of Neonatal Sepsis’,
Journal of  Pathology of Nepal, 7(1), pp. 1103-1110. Available at:
https://doi.org/10.3126/jpn.v7i1.16944.

Li, X. et al. 2022. Clinical Value of Serum Interleukin-18 in Neonatal Sepsis Diagnosis and
Mortality Prediction’, Journal of Inflammation Research, 15(December), pp. 6923—6930.

986



Indonesian Journal of Global Health Research, Vol 7 No 6, December 2025

Available at: https://doi.org/10.2147/JIR.S393506.

Montaner Ramon, A. et al. 2023. How to assess early-onset neonatal sepsis? Comparison of three
detection strategies’, Anales de Pediatria, 98(2), pp. 92-98. Available at:
https://doi.org/10.1016/j.anpedi.2022.10.008.

Mulay, S., Chatterjee, R., Holkar, R. and Bhalerao, D. 2022. Utility of Umbilical Cord Blood
Culture in the Diagnosis of Early Onset Sepsis: A Cross-sectional Study’, Journal of Clinical
and Diagnostic Research, 16(9), pp- 16-18. Available at:
https://doi.org/10.7860/jcdr/2022/56937.16829.

Narasimha, A. and Harendra Kumar, M.L. 2011. Significance of hematological scoring system
(HSS) in early diagnosis of neonatal sepsis’, Indian Journal of Hematology and Blood
Transfusion, 27(1), pp. 14—17. Available at: https://doi.org/10.1007/s12288-010-0050-2.

Oeser, C. et al. 2020. PCR for the detection of pathogens in neonatal early onset sepsis’, PLoS
ONE, 15(1), pp. 1-14. Available at: https://doi.org/10.1371/journal.pone.0226817.

Paolucci, M, Landini, M. and Sambri, V. 2012. How can the microbiologist help in diagnosing
neonatal sepsis?’, International Journal of Pediatrics, pp. 1-14.

Paolucci, Michela, Landini, M.P. and Sambri, V. 2012. How Can the Microbiologist Help in
Diagnosing Neonatal Sepsis?’, International Journal of Pediatrics, 2012, pp. 1-14. Available
at: https://doi.org/10.1155/2012/120139.

Polin, R.A. et al. 2012. Management of Neonates with Suspected or Proven Early-Onset Bacterial
Sepsis’, Pediatrics, 129(5), pp. 1006—1015. Available at: https://doi.org/10.1542/peds.2012-
0541.

Puopolo, K.M. et al. 2018. Management of neonates born at < 34 6/7 weeks’ gestation with
suspected or proven early-onset bacterial sepsis’, Pediatrics, 142(6), p. €20182896. Available
at: https://doi.org/10.1542/peds2018- 2894.

Puopolo, K.M., Benitz, W.E. and Zaoutis, T.E. (no date) Management of Neonates Born at <34 6/7
Weeks’ Gestation with Suspected or Proven Early-Onset Bacterial Sepsis Committee on Fetus
and Newborn, Committee on Infectious Disease. Available at: www.aappublications.org/news.

Puopolo, K.M., Lynfield, R. and Cummings, J.J. 2019. Management of infants at risk for group B
streptococcal disease’, Pediatrics, 144(2). Available at: https://doi.org/10.1542/peds.2019-
1881.

Rodwell, R.L., Leslie, A.L. and Tudehope, D.I. 1988. Early diagnosis of neonatal sepsis using a
hematologic scoring system’, The Journal of Pediatrics, 112(5), pp. 761-767. Available at:
https://doi.org/10.1016/S0022-3476(88)80699-1.

Saleem, M., Israr Shah, K., Mukhtar Cheema, S. and Azam, M. 2014. Hematological Scoring
System for Early Diagnosis of Neonatal Sepsis’, Journal of Rawalpindi Medical College
(JRMCO), 18(1), pp- 68-72. Available at:
https://pdfs.semanticscholar.org/608c/dc592bct09492d9bd317dd74¢c573d864227 .pdf.

Shah, B.A. and Padbury, J.F. 2014. Neonatal sepsis an old problem with new insights’, Virulence,
5(1), pp. 170-178. Available at: https://doi.org/10.4161/viru.26906.

Shakhawat Alam, Dr. Mohammad et al. 2021. Umbilical Cord Blood for the Screening of Early
Onset Neonatal Sepsis among Those at Risk of Infection’, Scholars Journal of Applied
Medical Sciences, 9(3), pp.- 452-461. Available at:
https://doi.org/10.36347/sjams.2021.v09103.032.

987



Indonesian Journal of Global Health Research, Vol 7 No 6, December 2025
Shane, A.L., Sanchez, P.J. and Stoll, B.J. 2017. Neonatal sepsis’, The Lancet. Lancet Publishing
Group, pp. 1770-1780. Available at: https://doi.org/10.1016/S0140-6736(17)31002-4.

Sharma, D., Farahbakhsh, N., Shastri, S. and Sharma, P. 2018. Biomarkers for diagnosis of neonatal
sepsis: a literature review’, Journal of Maternal-Fetal and Neonatal Medicine, pp. 1646—1659.
Available at: https://doi.org/10.1080/14767058.2017.1322060.

Shirazi, H., Riaz, S. and Tahir, R. 2010. Role of the Hematological Profile in Early Diagnosis of
Neonatal Sepsis Haider Shirazi et al Ann, Pak. Inst. Med. Sci.

Simonsen, K.A., Anderson-Berry, A.L., Delair, S.F. and Dele Davies, H. 2014. Early-onset neonatal
sepsis’,  Clinical Microbiology Reviews, 27(1), pp. 21-47. Available at:
https://doi.org/10.1128/CMR.00031-13.

Sukewanti, N.M. et al. 2019. Red Cell Distribution Width (RDW) sebagai prediktor mortalitas pada
sepsis neonatorum’, Medicina, 50(3), pp. 522-526. Available at:
https://doi.org/10.15562/medicina.v50i3.757.

Zea-Vera, A. and Ochoa, T.J. 2015. Challenges in the diagnosis and management of neonatal
sepsis’, Journal of Tropical Pediatrics [Preprint]. Available at:
https://doi.org/10.1093/tropej/fmu079.

988



