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Introduction: The clinical diagnosis of sepsis in neonates is challenging. White blood cell counts, C
reactive protein (CRP) are the widely used biomarkers in neonatal sepsis screening by clinicians.
Aim: To assess the value of C-reactive protein alone and in combination with total White Blood Cell
(WBC) count in the screening of neonatal sepsis. Materials and Methods: The Retrospective data
regarding neonatal sepsis, collected from March 2018 to November 2018 from NICU, R L Jalappa
Hospital& Research Centre, attached to Sri Devaraj Urs Medical College, Kolar, Karnataka, India.
Statistical software, SPSS version 22.0, was used for further analysis. Statistical analysis was
performed using the Chi-square tests. Cut-offs were defined by plotting receiver operator
characteristic curves. Results: A total of 127 neonatal sepsis cases were analyzed. Proven sepsis
cases by blood culture were positive in 28 (22.04 %) neonates. CRP was positive in 20 (71.42%)
blood culture-positive cases. Culture negative sepsis was seen in 99 cases. WBC had a sensitivity
and specificity of 21.43% and 78.79%. The sensitivity, specificity of CRP were 71.4%, 69.9%. On
the combination of positive CRP levels with WBC counts, sensitivity and specificity raised to 78.57%
and 81.81%. Conclusion: In resource-limited settings for blood cultures, the positive CRP assay in
combination with increased WBC counts in neonates with clinical features of sepsis should be
considered for immediate management of neonatal sepsis to reduce morbidity and mortality.
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Introduction
Annually, more than one million neonates die due to
sepsis1. India accounts for 17,000 neonatal sepsis
cases / 1,00,000 live births [2]. Despite recent
advances in the medical field, the prevention of
neonatal deaths due to sepsis is challenging. The
clinical presentation of sepsis is subtle and varied,
sometimes mimicking non-infectious causes
[3].There is no consensus case definition for
neonatal sepsis [4]. Blood culture is a standard test
for naming the causative agent of sepsis. The
culture reports would be positive in only 25 % to
45% of cases, resulting in low yield following
antenatal antibiotic exposure [5]. Delay in culture
reports leads to inappropriate usage of antibiotics
among the neonates suspected of sepsis [6]. On the
other hand, early diagnosis is the key to the
prevents neonatal mortality due to sepsis. Culture-
independent diagnostics are the need of the hour to
have a better clinical outcome to avoid the
emergence of antibiotic resistance[6].For diagnosis
of neonatal sepsis, to guide on the antibiotic
administration, identification of biomarkers is
essential [7]. CRP, PCT, IL-6, IL-8, IFN-g, TNF-a,
CD64, and s ICAM are the predominant biomarkers
known for diagnosing neonatal sepsis. [8].
Important factors in determining the suitability of a
diagnostic marker for clinical application are cost,
availability of specimens at the appropriate time,
the complexity of the assay methods, laboratory
turnover time, reliability of the tests [9]. None of
the biomarkers has sufficient sensitivity or
specificity to employ in routine clinical practice [10].
The laboratory parameters, white blood cell count,
and CRP are widely employed in routine clinical
practice by clinicians. On combining biomarkers with
clinical assessment increases the possibility of
correct diagnosis and prompt initiate of
antimicrobial therapy [11]. This study is undertaken
to know the diagnostic value of WBC count, CRP
levels, and its combination in the management of
neonatal sepsis.

Materials & Methods
Study design & Setting: The Retrospective data
regarding neonatal sepsis, collected from March
2018 to November 2018 from NICU, R L Jalappa
Hospital& Research centre, attached to Sri Devaraj
Urs Medical College, Kolar, Karnataka, India.

 

Inclusion Criteria

Newborn babies with the clinical diagnosis of sepsis
based on   two of the risk factors and clinical
features of bacterial infections based on WHO-AIIMS
2014 8 protocol 

-Birth weight < 2.2 kgs

-Gestational age < 36 weeks

-Foul-smelling / meconium-stained vaginal
discharge

- Presence of maternal fever within two weeks
before delivery 

-Suspected chorioamnionitis

-Rupture of membranes >18 hours

-Prolonged labour

-Perinatal asphyxia (Apgar score < 4 at 1 minute)

-Clinical signs of sepsis – poor reflexes, lethargy,
respiratory distress, bradycardia, apnea, fever,
convulsions, abdominal distention, bleeding.

Exclusion Criteria: Neonates referred in from
other health care setups. Neonatal sepsis data
collection, based on the AIIMS protocol. 

Laboratory data: From the Microbiology section,
the Laboratory data of Blood culture, CRP were
collected from neonates with clinical suspicion of
sepsis. 

Blood culture done by automated blood culture
system, CRP by latex agglutination method using a
kit by Arkary Healthcare Pvt Ltd. WBC count done
by Sysmex 500. 

Total WBC count </ = 5,000 /mm3or >/= 20,000 /
mm3 and C-reactive protein 6 mg / L or more was
considered for correlation with the blood culture
reports. 

Statistics: Statistical software, SPSS version 22.0,
was used for further analysis. Sensitivity, Specificity,
Positive predictive value, Negative predictive value
were used to determine the validity, reliability of
CRP, WBC taking blood culture as the gold
standard. Summaries of measures were presented
as tables, figures, and percentages. Comparisons
between categorical data were conducted with Chi-
square test The combination of CRP, WBC counts
with the blood culture was analyzed by the
receiver–operator characteristic curve (ROC).
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Results
One hundred twenty-seven neonates with clinical
suspicion of sepsis were considered for the study.
Among the 127 neonates, blood culture-proven
cases were 28 (22.04 % ), while 99 ( 77.9%) had
negative blood culture. CRP was positive in 20
(71.42% ) blood culture-positive cases. Out of 99
culture-negative cases, WBC changes were noted
with 30 (30.30%) cases (Table 1).

On the other hand, sensitivity and specificity of WBC
were 21.43% and 78.79%, with PPV and NPV of
22.22% and 78.5%, respectively.  When CRP   was
combined with   WBC, the sensitivity and specificity
raised to 78.57% and 81.81%, respectively. 

The sensitivity, specificity of CRP were 71.4%,
69.9%, respectively, with a positive predictive value
(PPV) of 36.6% and negative predictive value (NPV)
of 88.89%.

Table 1: Comparison of CRP, Total WBC count
using blood culture as the gold standard.
Paramete

r

Blood culture positive

28

Blood culture-negative 

99

Total

127

CRP 20 35 55

WBC 8 30 38

Figure 1.   Receiver operating characteristics (ROC)
of a combination of two tests (Total   CRP & WBC
count) and blood culture show the performance in
detecting neonatal sepsis. A variety of two tests
(Total CRP & WBC count) has a   sensitivity of
78.57%, specificity of 81.81%.

 

Table 2: Sensitivity, specificity, positive
predictive value (PPV), Negative predictive
value (NPV), Area under the curve (AUC)  of
laboratory markers. 
Paramet

er

Sensitivi

ty

Specifici

ty

PPV NPV p

value

Are under curve

(AUC)

CRP 71.4% 69.9% 36.6% 88.89

%

0.001 0.626

WBC 21.43% 78.79% 22.22

%

78% 0.79 0.578

CRP

+WBC

78.57% 81.81% 55% 93.10

%

0.000 0.802

Discussion
Neonatal sepsis defines the systemic condition
associated with hemodynamic changes due to either
bacterial, viral or fungal agents [12]. The highly
variable, non -specific nature of the signs and
symptoms of sepsis makes the diagnosis of sepsis
difficult [10]. 

Based on the onset, neonatal sepsis is classified as
early-onset (0-6 days) or late-onset (7-90 days).
[13]. Early-onset sepsis, due to the vertical
acquisition of the microorganisms from mother [13].
Chorioamnionitis is the risk factor for early-onset
sepsis. Late-onset sepsis is due to horizontal
transmission from individuals responsible for
neonatal care or environmental sources [12].

Neonatal sepsis can present with groaning,
contraction of the accessory muscles of respiration,
nasal wing breathing, apnea, cyanosis, tachypnea in
the respiratory system; bradycardia/tachycardia,
peripheral circulatory disturbance, hypotension,
prolonged capillary refill time in the cardiovascular
system; nutritional intolerance, difficulty sucking,
vomiting, diarrhea, abdominal distention, hepato-
splenomegaly, jaundice in the digestive system;
sclerema, cutis marmaratus, pustule, abscess,
petechiae, purpura in the skin; and lethargy,
hypotonicity, sleepiness, weak or high-pitched
crying, bulging fontanelle, irritability, convulsion,
hypoactivity, body temperature regulation problems
and difficulty sucking in the central nervous system
[14]. 

Bacteria such as Streptococcus, L. monocytogenes,
E. faecalis, E. faecium, group D Streptococci, α-
hemolytic Streptococci, and Staphylococci, S.
pneumonia, H. influenzae type B are common
causative agents of early-onset
sepsis. E.coli, Staphylococcus aureus,
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 Is a known agent to cause late-onset sepsis [15]. 

Early diagnosis of sepsis in neonates is crucial to
prevent mortality and morbidity [16]. In the
management of neonatal sepsis, clinical evaluation
in correlation with the laboratory parameters
impacts the appropriate usage of antimicrobial
agents [17]. Blood culture is considered the
standard in the clinical diagnosis of neonatal sepsis
[18]. Worldwide records show that the isolation
rates on blood cultures vary from 6.7% to 55.4%
[19]. In our study, blood culture-proven neonatal
sepsis cases were 28 (22.04 %). The study reports,
26.2% of blood cultures have proven neonatal
sepsis [20]. Blood culture-proven neonatal sepsis
cases are low as there is difficulty in drawing a
sufficient amount of blood for culture, cost factor, in
the availability of blood culture facilities in remote
areas [21]. Infants with culture-negative sepsis are
treated with more antibiotics [6]. Excessive usage
of antibiotics may disturb the early life microbiota
leading to colonization with resistant bacteria [6]. 

In this scenario, biomarkers in combination with
clinical features are helpful in the management of
sepsis [6]. Biomarkers like WBC count, CRP,
Procalcitonin has widely used biomarkers. An
increase or decrease in the WBC count is
extensively evaluated concerning neonatal sepsis
[6]. Increased band form neutrophils, represented
by the high immature-to-total neutrophil ratio (IT-
ratio), are often suggested to indicate sepsis [6].

In our study, in 8 positive blood cultures cases,
high WBC counts were noted. WBC counts with
blood culture as the gold standard test shows
specificity 78.79% and sensitivity 21.43% with PPV
22.22%, NPV 78%. Our study is in concordance
with a similar survey done by Tushar Priyanka [22].
Large intra- and inter-laboratory variations in
interpretation limit its use [6]. C reactive protein is
an acute-phase protein synthesized in the liver [12].
Cytokines like IL-6 [12] upregulate its secretion. It
binds to the phospholipid component of
microorganisms and facilitates their removal by
macrophages [23]. Compared to other acute-phase
reactants, CRP rises more significantly during acute
inflammation [23]. It is half-life is between 24 -48
hours. Serial CRP measurements have been shown
to increase the sensitivity in the diagnosis of sepsis
within 24 -48 hours of symptoms onset [24]. We
observed a rise in CRP levels in 20 out of 28 blood
culture-positive cases in our study. Considering

Blood culture as the gold standard, sensitivity and
specificity of CRP was 71.4% and 69.9%,
respectively.   Our study is in correlation with a
similar study done by Abebe Sorsa [25].

CRP is also raised in other non-infectious conditions
like prema ture rupture of the membranes, maternal
fever, fetal - dis tress, difficult birth, and perinatal
asphyxia [12]. CRP is a late-rising diagnostic marker
that has a limited role in the initial decision to start
an antibiotic [26]. CRP is valid as a negative
predictor of sepsis, but the specificity in the
diagnosis of neonatal sepsis is low [12].

CRP, in combination with the early-rising biomarkers
in the infection course like WBC indices, are helpful
to rule out sepsis [26]. Combining the cut-off values
of CRP and WBC count increases the specificity,
positive predictive value, negative predictive value
[27]. On combination of the increased WBC counts
and positive CRP values, the sensitivity and
specificity of the tests have risen to 81% from
66.14%.  Abebe Sorsa [25] reports that on the
combination of two abnormal parameters, the sepsis
screening yielded a sensitivity of 78%, specificity of
83%, which is in concordance with our study. CRP,
WBC count, is affordable and available parameters
in all clinical settings. The combination of CRP
levels, WBC counts are used as a triage instrument
in combination with clinical history in the daily
clinical practice [27].

Conclusion
Early diagnosis of neonatal sepsis is the key to
reducing neonatal mortality and morbidity due to
sepsis. In culture-negative neonatal sepsis, the
combination of CRP levels, WBC count with clinical
history can become a   valuable biomarker in
arriving at the diagnosis. The combination works as
an effective parameter in preventing the misuse of
antibiotics, thereby preventing the colonization of
drug-resistant microbiota in neonates. 

What new this study adds   to existing
knowledge

In the management of neonatal sepsis, blood
culture is considered as the   standard diagnostic
test for confirmation. But in culture negative sepsis
management, decision regarding the antibiotic
withdrawal or continuation is difficult. WBC counts,
CRP are the parameters done on routine clinical
work up of sepsis case.  We found among 127 cases
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Studied, blood culture positivity was seen in only 28
(22.04%) cases.  99 (77.9%) neonatal sepsis cases
were culture negative.

Among culture negative cases, CRP and Change in
WBC count was noted in 35 (35.35%), 30 (30.30%)
cases respectively.  The sensitivity, specificity of CRP
were 71.4%, 69.9%. whereas the   sensitivity and
specificity of WBC were 21.43% and
78.79%,respectively

When these parameters were used in
combination, the sensitivity and specificity of the
parameters was increased  ie, 78.57% and
  81.81% respectively.

The combination of   routine diagnostic parameters
in combination with clinical features can   help even
in resource limited settings.

Authors contribution

Dr Bharathi R,   Concept and design, Data
Collection, Manuscript Preparation. Dr Beena PM,
Manuscript editing. Dr Mamata K , Data analysis and
Statistical Analysis. Dr Parimala S Manuscript
editing.

Reference
01. GBD 2013 Mortality and Causes of Death
Collaborators. Global, regional, and national age-sex
specific all-cause and cause-specific mortality for
240 causes of death, 1990-2013: a systematic
analysis for the Global Burden of Disease Study
2013. Lancet. 2015 Jan 10;385(9963):117-71. doi:
10.1016/S0140-6736(14)61682-2 [Crossref]
[PubMed][Google Scholar]

02. Fleischmann-Struzek C, Goldfarb DM,
Schlattmann P, Schlapbach LJ, Reinhart K, Kissoon
N. The global burden of paediatric and neonatal
sepsis: a systematic review. Lancet Respir Med.
2018 Mar;6(3):223-230. doi: 10.1016/S2213-
2600(18)30063-8 [Crossref][PubMed][Google
Scholar]

03. Yang AP, Liu J, Yue LH, Wang HQ, Yang WJ, Yang
GH. Neutrophil CD64 combined with PCT, CRP and
WBC improves the sensitivity for the early diagnosis
of neonatal sepsis. Clin Chem Lab Med. 2016
Feb;54(2):345-51. doi: 10.1515/cclm-2015-0277
[Crossref][PubMed][Google Scholar]

04. Wynn JL. Defining neonatal

Sepsis. Curr Opin Pediatr. 2016 Apr;28(2):135-40.
doi: 10.1097/MOP.0000000000000315 [Crossref]
[PubMed][Google Scholar]

05. Murthy S, Godinho MA, Guddattu V, Lewis LES,
Nair NS. Risk factors of neonatal sepsis in India: A
systematic review and meta-analysis. PLoS One.
2019 Apr 25;14(4):e0215683. doi:
10.1371/journal.pone.0215683 [Crossref][PubMed]
[Google Scholar]

06. Klingenberg C, Kornelisse RF, Buonocore G,
Maier RF, Stocker M. Culture-Negative Early-Onset
Neonatal Sepsis - At the Crossroad Between
Efficient Sepsis Care and Antimicrobial Stewardship.
Front Pediatr. 2018 Oct 9;6:285. doi:
10.3389/fped.2018.00285 [Crossref][PubMed]
[Google Scholar]

07. Bhandari V. Effective Biomarkers for Diagnosis
of Neonatal Sepsis. J Pediatric Infect Dis Soc. 2014
Sep;3(3):234-45. doi: 10.1093/jpids/piu063
[Crossref][PubMed][Google Scholar]

08. Meem M, Modak JK, Mortuza R, Morshed M,
Islam MS, Saha SK. Biomarkers for diagnosis of
neonatal infections: A systematic analysis of their
potential as a point-of-care diagnostics. J Glob
Health. 2011 Dec;1(2):201-9. [Crossref][PubMed]
[Google Scholar]

09. Carey RB, Bhattacharyya S, Kehl SC, Matukas
LM, Pentella MA, Salfinger M, et al. Practical
Guidance for Clinical Microbiology Laboratories:
Implementing a Quality Management System in the
Medical Microbiology Laboratory. Clin Microbiol Rev.
2018 May 2;31(3):e00062-17. doi:
10.1128/CMR.00062-17 [Crossref][PubMed][Google
Scholar]

10. Pierrakos C, Vincent JL. Sepsis biomarkers: a
review. Crit Care. 2010;14(1):R15. doi:
10.1186/cc8872 [Crossref][PubMed][Google
Scholar]

11. Martínez ML, Plata-Menchaca EP, Ruiz-Rodríguez
JC, Ferrer R. An approach to antibiotic treatment in
patients with sepsis. J Thorac Dis. 2020
Mar;12(3):1007-1021. doi:
10.21037/jtd.2020.01.47 [Crossref][PubMed]
[Google Scholar]

12. Odabasi IO, Bulbul A. Neonatal Sepsis. Sisli Etfal
Hastan Tip Bul. 2020 Jun 12;54(2):142-158. doi:
10.14744/SEMB.2020.00236 [Crossref][PubMed]
[Google Scholar]

 

Bharathi R et al:Blood culture

Tropical Journal of Pathology and Microbiology 2021;7(5) 241

https://doi.org/10.1016/S0140-6736(14)61682-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Global,%20regional,%20and%20national%20age-sex%20specific%20all-cause%20and%20cause-specific%20mortality%20for%20240%20causes%20of%20death,%201990-2013:%20a%20systematic%20analysis%20for%20the%20Global%20Burden%20of%20Disease%20Study%202013
https://scholar.google.com/scholar_lookup?title=Global,%20regional,%20and%20national%20age-sex%20specific%20all-cause%20and%20cause-specific%20mortality%20for%20240%20causes%20of%20death,%201990-2013:%20a%20systematic%20analysis%20for%20the%20Global%20Burden%20of%20Disease%20Study%202013
https://doi.org/10.1016/S2213-2600(18)30063-8
https://www.ncbi.nlm.nih.gov/pubmed/?term=The%20global%20burden%20of%20paediatric%20and%20neonatal%20sepsis:%20a%20systematic%20review
https://scholar.google.com/scholar_lookup?title=The%20global%20burden%20of%20paediatric%20and%20neonatal%20sepsis:%20a%20systematic%20review
https://doi.org/10.1515/cclm-2015-0277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neutrophil%20CD64%20combined%20with%20PCT,%20CRP%20and%20WBC%20improves%20the%20sensitivity%20for%20the%20early%20diagnosis%20of%20neonatal%20sepsis
https://scholar.google.com/scholar_lookup?title=Neutrophil%20CD64%20combined%20with%20PCT,%20CRP%20and%20WBC%20improves%20the%20sensitivity%20for%20the%20early%20diagnosis%20of%20neonatal%20sepsis
https://doi.org/10.1097/MOP.0000000000000315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Defining%20neonatal%20sepsis
https://scholar.google.com/scholar_lookup?title=Defining%20neonatal%20sepsis
https://doi.org/10.1371/journal.pone.0215683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Risk%20factors%20of%20neonatal%20sepsis%20in%20India:%20A%20systematic%20review%20and%20meta-analysis
https://scholar.google.com/scholar_lookup?title=Risk%20factors%20of%20neonatal%20sepsis%20in%20India:%20A%20systematic%20review%20and%20meta-analysis
https://doi.org/10.3389/fped.2018.00285
https://www.ncbi.nlm.nih.gov/pubmed/?term=Culture-Negative%20Early-Onset%20Neonatal%20Sepsis%20-%20At%20the%20Crossroad%20Between%20Efficient%20Sepsis%20Care%20and%20Antimicrobial%20Stewardship
https://scholar.google.com/scholar_lookup?title=Culture-Negative%20Early-Onset%20Neonatal%20Sepsis%20-%20At%20the%20Crossroad%20Between%20Efficient%20Sepsis%20Care%20and%20Antimicrobial%20Stewardship
https://doi.org/10.1093/jpids/piu063
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effective%20Biomarkers%20for%20Diagnosis%20of%20Neonatal%20Sepsis
https://scholar.google.com/scholar_lookup?title=Effective%20Biomarkers%20for%20Diagnosis%20of%20Neonatal%20Sepsis
https://search.crossref.org/?type-name=Journal+Article&q=Biomarkers%20for%20diagnosis%20of%20neonatal%20infections:%20A%20systematic%20analysis%20of%20their%20potential%20as%20a%20point-of-care%20diagnostics
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biomarkers%20for%20diagnosis%20of%20neonatal%20infections:%20A%20systematic%20analysis%20of%20their%20potential%20as%20a%20point-of-care%20diagnostics
https://scholar.google.com/scholar_lookup?title=Biomarkers%20for%20diagnosis%20of%20neonatal%20infections:%20A%20systematic%20analysis%20of%20their%20potential%20as%20a%20point-of-care%20diagnostics
https://doi.org/10.1128/CMR.00062-17
https://www.ncbi.nlm.nih.gov/pubmed/?term=Practical%20Guidance%20for%20Clinical%20Microbiology%20Laboratories:%20Implementing%20a%20Quality%20Management%20System%20in%20the%20Medical%20Microbiology%20Laboratory
https://scholar.google.com/scholar_lookup?title=Practical%20Guidance%20for%20Clinical%20Microbiology%20Laboratories:%20Implementing%20a%20Quality%20Management%20System%20in%20the%20Medical%20Microbiology%20Laboratory
https://doi.org/10.1186/cc8872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sepsis%20biomarkers:%20a%20review
https://scholar.google.com/scholar_lookup?title=Sepsis%20biomarkers:%20a%20review
https://doi.org/10.21037/jtd.2020.01.47
https://www.ncbi.nlm.nih.gov/pubmed/?term=An%20approach%20to%20antibiotic%20treatment%20in%20patients%20with%20sepsis
https://scholar.google.com/scholar_lookup?title=An%20approach%20to%20antibiotic%20treatment%20in%20patients%20with%20sepsis
https://doi.org/10.14744/SEMB.2020.00236
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal%20Sepsis
https://scholar.google.com/scholar_lookup?title=Neonatal%20Sepsis


13. Ershad M, Mostafa A, Dela Cruz M, Vearrier D.
Neonatal Sepsis. Curr Emerg Hosp Med Rep.
2019;7(3):83-90. doi: 10.1007/s40138-019-00188-
z [Crossref][PubMed][Google Scholar]

14. Shane AL, Sánchez PJ, Stoll BJ. Neonatal sepsis.
Lancet. 2017 Oct 14;390(10104):1770-1780. doi:
10.1016/S0140-6736(17)31002-4 [Crossref]
[PubMed][Google Scholar]

15. G/Eyesus T, Moges F, Eshetie S, Yeshitela B,
Abate E. Bacterial etiologic agents causing neonatal
sepsis and associated risk factors in Gondar,
Northwest Ethiopia. BMC Pediatr. 2017 Jun
6;17(1):137. doi: 10.1186/s12887-017-0892-y
[Crossref][PubMed][Google Scholar]

16. Singh M, Alsaleem M, Gray CP. Neonatal Sepsis.
[Updated 2021 Oct 10]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021
Jan-.Available from: [Article][Crossref][PubMed]
[Google Scholar]

17. Zea-Vera A, Ochoa TJ. Challenges in the
diagnosis and management of neonatal sepsis. J
Trop Pediatr. 2015 Feb;61(1):1-13. doi:
10.1093/tropej/fmu079 [Crossref][PubMed][Google
Scholar]

18. Iroh Tam PY, Bendel CM. Diagnostics for
neonatal sepsis: current approaches and future
directions. Pediatr Res. 2017 Oct;82(4):574-583.
doi: 10.1038/pr.2017.134 [Crossref][PubMed]
[Google Scholar]

19. Jatsho J, Nishizawa Y, Pelzom D, Sharma R.
Clinical and Bacteriological Profile of Neonatal
Sepsis: A Prospective Hospital-Based Study. Int J
Pediatr. 2020 Aug 26;2020:1835945. doi:
10.1155/2020/1835945 [Crossref][PubMed][Google
Scholar]

20. Basha S, Surendran N, Pichichero M. Immune
responses in neonates. Expert Rev Clin Immunol.
2014 Sep;10(9):1171-84. doi:
10.1586/1744666X.2014.942288 [Crossref]
[PubMed][Google Scholar]

21. Manucha V, Rusia U, Sikka M, Faridi MM, Madan
N. Utility of haematological parameters and C-
reactive protein in the detection of neonatal sepsis.
J Paediatr Child Health. 2002 Oct;38(5):459-64.
doi: 10.1046/j.1440-1754.2002.00018.x [Crossref]
[PubMed][Google Scholar]

22. Priyanka T , Hemalata.

Basic Hematological Scoring System-Is it the most
Accurate Neonatal Sepsis Predictor?. NJLM 2018 ;
7(3): 29-33. [Crossref][PubMed][Google Scholar]

23. Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab
Sci. 2013 Jan-Feb;50(1):23-36. doi:
10.3109/10408363.2013.764490 [Crossref]
[PubMed][Google Scholar]

24. Pourcyrous M, Bada HS, Korones SB, Baselski V,
Wong SP. Significance of serial C-reactive protein
responses in neonatal infection and other disorders.
Pediatrics. 1993 Sep;92(3):431-5. [Crossref]
[PubMed][Google Scholar]

25. Sorsa A. Diagnostic Significance of White Blood
Cell Count and C-Reactive Protein in Neonatal
Sepsis; Asella Referral Hospital, South East Ethiopia.
Open Microbiol J. 2018 Jun 29;12:209-217. doi:
10.2174/1874285801812010209 [Crossref]
[PubMed][Google Scholar]

26. Gilfillan, Margaret, and Vineet Bhandari.
"Neonatal sepsis biomarkers: where are we now?. "
Research and Reports in Neonatology 9 (2019): 9-
20. [Crossref][PubMed][Google Scholar]

27. Gans SL, Atema JJ, Stoker J, Toorenvliet BR,
Laurell H, Boermeester MA. C-reactive protein and
white blood cell count as triage test between urgent
and nonurgent conditions in 2961 patients with
acute abdominal pain. Medicine (Baltimore). 2015
Mar;94(9):e569. doi:
10.1097/MD.0000000000000569 [Crossref]
[PubMed][Google Scholar]

 

Bharathi R et al:Blood culture

Tropical Journal of Pathology and Microbiology 2021;7(5)242

https://doi.org/10.1007/s40138-019-00188-z
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal%20Sepsis
https://scholar.google.com/scholar_lookup?title=Neonatal%20Sepsis
https://doi.org/10.1016/S0140-6736(17)31002-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal%20sepsis
https://scholar.google.com/scholar_lookup?title=Neonatal%20sepsis
https://doi.org/10.1186/s12887-017-0892-y
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacterial%20etiologic%20agents%20causing%20neonatal%20sepsis%20and%20associated%20risk%20factors%20in%20Gondar,%20Northwest%20Ethiopia
https://scholar.google.com/scholar_lookup?title=Bacterial%20etiologic%20agents%20causing%20neonatal%20sepsis%20and%20associated%20risk%20factors%20in%20Gondar,%20Northwest%20Ethiopia
https://www.ncbi.nlm.nih.gov/books/NBK531478
https://search.crossref.org/?type-name=Journal+Article&q=Neonatal%20Sepsis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neonatal%20Sepsis
https://scholar.google.com/scholar_lookup?title=Neonatal%20Sepsis
https://doi.org/10.1093/tropej/fmu079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Challenges%20in%20the%20diagnosis%20and%20management%20of%20neonatal%20sepsis
https://scholar.google.com/scholar_lookup?title=Challenges%20in%20the%20diagnosis%20and%20management%20of%20neonatal%20sepsis
https://doi.org/10.1038/pr.2017.134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diagnostics%20for%20neonatal%20sepsis:%20current%20approaches%20and%20future%20directions
https://scholar.google.com/scholar_lookup?title=Diagnostics%20for%20neonatal%20sepsis:%20current%20approaches%20and%20future%20directions
https://doi.org/10.1155/2020/1835945
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clinical%20and%20Bacteriological%20Profile%20of%20Neonatal%20Sepsis:%20A%20Prospective%20Hospital-Based%20Study
https://scholar.google.com/scholar_lookup?title=Clinical%20and%20Bacteriological%20Profile%20of%20Neonatal%20Sepsis:%20A%20Prospective%20Hospital-Based%20Study
https://doi.org/10.1586/1744666X.2014.942288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Immune%20responses%20in%20neonates
https://scholar.google.com/scholar_lookup?title=Immune%20responses%20in%20neonates
https://doi.org/10.1046/j.1440-1754.2002.00018.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Utility%20of%20haematological%20parameters%20and%20C-reactive%20protein%20in%20the%20detection%20of%20neonatal%20sepsis
https://scholar.google.com/scholar_lookup?title=Utility%20of%20haematological%20parameters%20and%20C-reactive%20protein%20in%20the%20detection%20of%20neonatal%20sepsis
https://search.crossref.org/?type-name=Journal+Article&q=Basic%20Hematological%20%20Scoring%20System-Is%20it%20the%20most%20Accurate%20Neonatal%20Sepsis%20Predictor?
https://www.ncbi.nlm.nih.gov/pubmed/?term=Basic%20Hematological%20%20Scoring%20System-Is%20it%20the%20most%20Accurate%20Neonatal%20Sepsis%20Predictor?
https://scholar.google.com/scholar_lookup?title=Basic%20Hematological%20%20Scoring%20System-Is%20it%20the%20most%20Accurate%20Neonatal%20Sepsis%20Predictor?
https://doi.org/10.3109/10408363.2013.764490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biomarkers%20of%20sepsis
https://scholar.google.com/scholar_lookup?title=Biomarkers%20of%20sepsis
https://search.crossref.org/?type-name=Journal+Article&q=Significance%20of%20serial%20C-reactive%20protein%20responses%20in%20neonatal%20infection%20and%20other%20disorders
https://www.ncbi.nlm.nih.gov/pubmed/?term=Significance%20of%20serial%20C-reactive%20protein%20responses%20in%20neonatal%20infection%20and%20other%20disorders
https://scholar.google.com/scholar_lookup?title=Significance%20of%20serial%20C-reactive%20protein%20responses%20in%20neonatal%20infection%20and%20other%20disorders
https://doi.org/10.2174/1874285801812010209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diagnostic%20Significance%20of%20White%20Blood%20Cell%20Count%20and%20C-Reactive%20Protein%20in%20Neonatal%20Sepsis;%20Asella%20Referral%20Hospital,%20South%20East%20Ethiopia
https://scholar.google.com/scholar_lookup?title=Diagnostic%20Significance%20of%20White%20Blood%20Cell%20Count%20and%20C-Reactive%20Protein%20in%20Neonatal%20Sepsis;%20Asella%20Referral%20Hospital,%20South%20East%20Ethiopia
https://search.crossref.org/?type-name=Journal+Article&q=
https://www.ncbi.nlm.nih.gov/pubmed/?term=
https://scholar.google.com/scholar_lookup?title=
https://doi.org/10.1097/MD.0000000000000569
https://www.ncbi.nlm.nih.gov/pubmed/?term=C-reactive%20protein%20and%20white%20blood%20cell%20count%20as%20triage%20test%20between%20urgent%20and%20nonurgent%20conditions%20in%202961%20patients%20with%20acute%20abdominal%20pain
https://scholar.google.com/scholar_lookup?title=C-reactive%20protein%20and%20white%20blood%20cell%20count%20as%20triage%20test%20between%20urgent%20and%20nonurgent%20conditions%20in%202961%20patients%20with%20acute%20abdominal%20pain

