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ABSTRACT

Neonatal sepsis is a serious condition in which the pathogens infiltrate the bloodstream, multiply 
and produce toxins causing deleterious effects to the health of neonates. It is divided into two types 
on the basis of the time of onset. Early onset sepsis occurs within 72 hours of birth and late onset 
sepsis begins after 72 hours of delivery. Neonatal sepsis continues to be a common and significant 
health care burden, especially in very low birth weight infants (with birth weight less than 1500 
grams). Though intrapartum antibiotic prophylaxis has decreased the incidence of early-onset group 
B streptococcal infection dramatically, it still remains a major cause of neonatal sepsis. As the signs 
and symptoms of neonatal sepsis are nonspecific, early diagnosis and prompt treatment remain a 
challenge. 

Keywords:  cytokines; immunoglobulin; neonatal sepsis; procalcitonin.

INTRODUCTION

Sepsis is a systemic infection caused by pathogens 
invading the blood circulation, growing, and reproducing 
in it, and producing toxins leading to serious health 
conditions and neonatal death. The incidence rate is 
about 0.1-1% of live birth infants, which accounts 
for 16.4% of very low birth weight (VLBW) infants. 
The incidence of long-term hospitalisation is as high as 
30% and the mortality is 10-50%. Neonatal sepsis was 
divided into early-onset sepsis (EOS) and late-onset 
sepsis (LOS). EOS refers to the onset time within 72 
hours after birth, often associated with prenatal and 
intrapartum infection. The onset time of LOS is 72 hours 
after birth, usually hospital infection or community-
acquired infection.1,2

RISK FACTORS OF NEONATAL SEPSIS

1. EARLY ONSET SEPSIS 

In this condition, the mother is infected before delivery. 
The pathogen can infect the foetus through the 
placenta. It can also cause aspiration pneumonia by 
inhaling bacteria-contaminated amniotic fluid or vaginal 
secretion in the uterus or during delivery after premature 
rupture of membranes. Martus JA, et al. showed that 
the main risk factors for EOS were maternal history 
of abortion, WBC >15x109 /L, premature rupture 
of membranes >18 hours, C-reactive protein (CRP) 

>1.5 mg/l, body temperature >38°C, prenatal use 
of antibiotics, chorioamnionitis, endometritis, neonatal 
low Apgar score and low gestational age (the incidence 
of full-term infants was 0.6% and the incidence of 
premature infants <28 weeks was 16.6%). In addition, 
intracranial haemorrhage is also closely related to 
sepsis.3,4

The study on risk factors of EOS in LBW infants 
conducted by Israel neonatal collaboration network 
found that lack of prenatal care, absence of amnionitis 
in care of premature rupture of membranes >24 hours 
or amnionitis care of premature rupture of membranes 
<24 hours, and resuscitation in the delivery room 
were all associated with EOS, but not with the use 
of corticosteroids and gestational age. If premature 
rupture of membranes and amnionitis exist at the same 
time the risk is eight times higher than that when they 
exist alone.5,6

2. LATE ONSET SEPSIS 

It is common in neonates with central venous 
catheterization in the neonatal intensive care unit (NICU), 
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especially in those with extremely low birth weight 
(ELBW) <1000 g premature infants and those with 
total parenteral nutrition and mechanical ventilation. In 
NICU, because of the long hospital stay, and critically 
ill newborns, although countries have taken a series 
of preventive measures.7,8 Nosocomial infection is still 
a problem in NICUs all over the world. The incidence 
of neonatal nosocomial infection is 30% and 40% 
of neonatal deaths occur in developing countries,9 
Although nosocomial infection is difficult to eliminate, 
it can be prevented and controlled. Brazilian scholars 
have studied the risk factors of nosocomial infection 
in the NICU. In addition to placenta transmission, they 
classified all intrapartum and post-hospital infections as 
nosocomial infections. The nosocomial infections rate 
was 34% of which 68.2% was bloodstream infection. 
Maternal venereal disease, placental abruption, BW 
<1500 g, parental nutrition, subcutaneous indwelling 
catheter, central venous catheterization, and mechanical 
ventilation were independent risk factors.10,11

PATHOGENIC BACTERIA OF NEONATAL SEPSIS

There are different reports about the pathogens 
of neonatal sepsis at home and abroad. Group B 
Streptococcus (GBS) was the main pathogen of EOS 
reported in developed countries in the 1970s, and the 
mortality was 55%.12,13 Since 1992, the American 
Academy of Paediatrics has formulated guidelines for the 
use of antibiotics during labour to prevent GBS infection 
in newborns. In 2002, the guidelines recommended 
screening for GBS infection in pregnant women at 35-
37 weeks of gestation and recommended penicillin as 
the first-line drug for intrapartum antibiotics.14,15 After 
that, EOS caused by GBS infection was greatly reduced. 
According to US statistics, the incidence rate dropped 
from 2/1000 live births in 1996 to 0.36/1000 in 
2005. Other Gram-positive bacteria causing EOS were 
Staphylococcus aureus, Enterococcus, Streptococcus 
pneumonia, etc. In VLBW, 65% of mothers had used 
antibiotics before delivery, so GBS infection decreased 
gradually. No matter EOS or LOS, Escherichia coli 
infection showed an upward trend, especially in children 
with fever symptoms. Other gram-negative bacteria 
causing neonatal sepsis include Klebsiella pneumoniae, 
Enterobacter, Salmonella, etc.16-18

In recent years, the surveillance of septic pathogens in 
many hospitals in China showed that Staphylococcus 
was the main pathogen, followed by Escherichia coli and 
GBS was rare. With the widespread use of antibiotics, 
the incidence of neonatal sepsis caused by opportunistic 
pathogens increased gradually in recent years and 
the drug-resistant strains increased significantly, 
showing a trend of multi-drug resistance. Coagulase-
negative Staphylococcus (CNS) is mainly found in 
premature infants, especially in patients with long term 

arteriovenous catheterization.  Staphylococcus aureus 
is mainly found in skin suppurative infection, and gram-
negative bacilli, mainly Escherichia coli, are mainly 
common in prenatal or intrapartum infection. Gram-
negative bacilli such as Pseudomonas aeruginosa, 
Klebsiella pneumoniae and Serratia were the main 
pathogens in children with tracheal intubation and 
mechanical ventilation. With the variety of antibiotics 
used, pathogenic bacteria have changed a lot in recent 
ten years.19,20 

The  infants who suffered from bacterial infections 
do not show the specific signs and symptoms of 
viral illness of either adenovirus or enterovirus. The 
symptoms of viral illness are very fast within a few 
days after birth.21,22

CLINICAL SYMPTOMS

The clinical symptoms of neonatal septicemia are often 
non-specific, and blood culture is the gold standard for 
the diagnosis of septicemia, but blood culture cannot 
produce immediate results. Some children have used 
antibiotics before blood culture, which brings some 
difficulties to early diagnosis. WBC count, neutrophil 
classification and CRP elevation are not specific 
to septicemia, so scholars at home and abroad are 
committed to exploring more sensitive indicators for 
early diagnosis. Clinical manifestations range from 
subtle symptoms to profound septic shock. Signs 
and symptoms of sepsis are nonspecific and include 
temperature instability, mostly fever, irritability, 
lethargy, tachypnea, grunting, hypoxia, poor feeding, 
tachycardia, poor perfusion and hypotension.23

INDICATORS

1. PROCALCITONIN (PCT)

PCT is a procalcitonin precursor, a glycoprotein 
containing 116 amino acid residues, which is produced 
in the liver and cannot be detected in normal human 
plasma. Its production is similar to that of acute-phase 
protein production, and the increase is related to 
bacterial infection.24 The plasma PCT of children with 
systemic bacterial infection/septicemia is increased, 
while the PCT of children with viral infection or 
bacterial colonisation is normal or slightly increased. Its 
specificity, sensitivity and predictive value were better 
than those of CRP, IL-6 and WBC count. The PCT of 
newborns increased physiologically on the first day after 
birth, and the peak value returned to normal at 18-30 
hours after birth and returned to normal at 48 hours after 
birth, and was similar to that of adults 3 days later. In 
animal experiments, it was found that the peak value of 
PCT, 12 hours, could be detected in plasma at 2 hours 
after injection of endotoxin, which was more than 100 
times the normal value. However, CRP increased at 12 
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hours after infection and peaked at 20-72 hours. After 
infection control, PCT and CRP decreased to normal 
after 2 to 3 days and 3 to 7 days, respectively. PCT 
is often significantly increased in children with septic 
shock, which is related to the severity of organ failure 
and mortality. The decrease of PCT level 24 hours after 
treatment indicates a good prognosis.25 Although many 
studies at home and abroad support that the increase of 
plasma PCT in systemic bacterial infection/septicemia 
is earlier than the changes of body temperature, WBC 
count and CRP. It can be used as an important index 
for early diagnosis and evaluation of curative effect in 
patients with severe systemic infection or failure, but 
because PCT fluctuates widely within 3 days after birth, 
the diagnostic value of EOS is still controversial.26,27

2. C-REACTIVE PROTEIN (CRP)

CRP levels are raised in inflammatory conditions 
including sepsis. There are so many noninfectious 
inflammatory conditions in which CRP is elevated, 
including maternal fever, foetal distress, stressful 
delivery, perinatal asphyxia, meconium aspiration 
and intraventricular haemorrhage. CRP itself cannot 
diagnose neonatal sepsis because of low sensitivity 
and specificity. If CRP remains normal persistently then 
bacterial neonatal sepsis is unlikely. It also helps in 
monitoring the duration of antibiotic therapy in sepsis.28

3. CYTOKINES

Cytokines such as IL and tumour necrosis factor (TNF) 
are important inflammatory mediators of systemic 
infection. IL shock is the main factor that induces B 
cells to secrete immunoglobulin and T cells to activate 
and proliferate, and it is also the main cytokine that 
stimulates hepatocytes to synthesise and release 
acute-phase proteins. It was released 60 minutes after 
infection, and the symptoms of septicemia increased 
significantly 2 days before the occurrence of septicemia, 
which can be used as an index for early diagnosis of 
septicemia. IL-8 is mainly produced by endothelial 
cells, mononuclear macrophages and T cells, and has 
chemotaxis to neutrophils and lymphocytes. TNF is 
produced by macrophages and activated cells. It has the 
effect of anti-infection, causing inflammation and anti-
tumor.29 Turkish scholars compared the significance 
of PCT, CRP, IL-6, IL-8 and TNF-Q in the diagnosis and 
prognosis of neonatal septicemia.30 The results showed 
that the above markers in the septicemia group were 
significantly higher than those in normal newborns 
before treatment. The authors believe that PCT and 
TNF are higher than CRP, IL-6 and IL-8 in sensitivity, 
specificity, positive predictive value, negative predictive 
value and diagnostic value in the diagnosis of neonatal 
septicemia.31

4. INHIBITORY PROTEIN

Inhibitory protein is structurally related to the serine 
protease inhibitor family, which is mainly synthesised 
in the liver and plays an important role in anti-
inflammation and infection. The plasma level in adult 
septicemia is inversely proportional to mortality. This 
index had nothing to do with gestational age and day 
age. It decreased significantly in neonatal septicemia 
and increased gradually after 4-12 hours of antibiotic 
treatment. The Inhibitory protein in the septicemia 
group with positive blood culture was significantly lower 
than that in the septicemia group with negative blood 
culture. When the critical value was 177n shadow L, 
the sensitivity, specificity, positive predictive value and 
negative predictive value were 89.5%, 99%, 95% and 
98%, respectively.32

5. OTHER INDICATORS

Other indicators related to early diagnosis of septicemia 
include soluble intercellular adhesion molecule 1 (SICAM 
1), universal primer 16 srRNA gene PCR, number of 
nucleated red blood cells and so on. LCAM 1 exists in 
vascular endothelial cells, fibroblasts and some epithelial 
cells, mediating leukocyte adhesion to endothelial cells. 
SlCAM 1 mainly comes from the exfoliation of adhesion 
molecules on the cell surface. Cytotoxins and cytokines 
can up-regulate the expression of SICAM 1 during 
infection and play an important role in the regulation of 
leukocyte activity in the early stage of inflammation. In 
the past, it has always been believed that the increase 
of nucleated erythrocytes is related to the increase of 
erythropoietin (EPO) induced by hypoxia, but Dulay 
AT, et al.33 found that the increase in the number of 
nucleated red blood cells in the early postnatal period 
is a reflection of direct exposure to inflammatory 
mediators in the uterus, and its release is closely related 
to intrauterine inflammation and cord blood IL levels, 
but has nothing to do with pH, EPO and cortisol levels, 
and has diagnostic significance for EOS. As a new 
diagnostic index of failed, universal primer 16 srRNA 
PCR has gradually attracted the attention of scholars 
at home and abroad. Indian scholars have confirmed 
that its sensitivity and specificity are more than 96% 
compared with the results of blood culture before 
antibiotic treatment, which can provide a sensitive 
basis for early etiological diagnosis of septicemia.34

Although the above indexes are related to septicemia, 
most of them are in the research stage. At present, the 
main indicators for the diagnosis of neonatal septicemia 
are blood WBC count and classification, and blood 
culture.35 Although many hospitals have carried out PCT 
detection, the clinical application is limited because of 
the high cost. In most cases, there is a mild association 
of thrombocytopenia in gram-positive organisms as 
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compared to fungal or gram-negative organisms where 
there is a high incidence of thrombocytopenia.36,37

METHODS OF IDENTIFYING GROUP B 
STREPTOCOCCI

The standard Fuller’s extraction method was the 
most available rapid detection method. These days 
the suspect colonies are selected from agar plates. 
The carbohydrate parts of group B streptococci react 
with the specific part of staphylococcus and make 
coagulation which is macroscopically visible. The 
positive result shows within 6 hours. However, the 
majority results show positive within 24 hours.38,39

TREATMENT OF NEONATAL SEPTICEMIA

1. ANTIBIOTIC THERAPY 

Selecting appropriate antibiotics according to the results 
of blood culture and drug sensitivity tests is an ideal 
method for the treatment of neonatal septicemia, but 
bacterial culture cannot get results quickly. Antibiotics 
are often selected on the basis of experience in the 
clinic. It is inevitable that the pertinence is not strong.40

Staphylococci were the first pathogen of neonatal 
septicemia, of which Coagulase-negative Staphylococcus 
(CNS) was the main pathogen. However, CNS is 
generally resistant to penicillin, ampicillin, oxacillin 
and erythromycin, and has an increasing resistance 
rate to ceftriaxone and cefazolin. Although it is 
highly sensitive to vancomycin, vancomycin-resistant 
Enterococci have been detected, so ortho-cloxacillin 
is the first choice for CNS infection. Vancomycin 
should be used on the premise of an etiological basis. 
Methicillin-resistant CNS (MRCNS) and methicillin-
resistant Staphylococcus aureus (MRSA) infections are 
resistant to many antibiotics, sensitive to vancomycin, 
and partially sensitive to amikacin, gentamicin, 
rifampicin, tetracycline and ofloxacin. However, due to 
the limitation of neonatal medication, only vancomycin 
can be used as the first choice for MRCNS and MRSA 
infection.41

The third-generation cephalosporins such as cefotaxime, 
ceftazidime and ceftriaxone can be used for Gram-
negative bacilli that do not produce extended-spectrum 
B-lactamase (ESBLS). For those producing ESBLS, 
compound dosage forms with synergists, such as 
cefoperazone/sulbactam, or other antibiotics stable to 
ESBLS, such as imipenem, meropenem, etc, were used, 
but these drugs were expensive and were not used as 
first-line drugs.42,43

Group B Streptococcus and Escherichia coli are the most 
common causes of both early- and late-onset sepsis, 
approximately two-thirds of early-onset infections. The 

combination of ampicillin and gentamicin is effective 
in treating most common organisms. In the case of 
neonates with suspected meningitis the addition of 
expanded-spectrum cephalosporin like cefotaxime to 
ampicillin and gentamicin.44

Early-onset pneumonia before seven days of age is 
treated with empiric coverage with ampicillin and 
gentamicin. Third-generation cephalosporin should 
generally not be used for early-onset sepsis or 
pneumonia. carbapenems are not used generally due to 
carbapenem-resistant Enterobacteriaceae.45

2. EMOLLIENT THERAPY

One randomised clinical trial showed that the 
application of topical emollient reduces the chance of 
bloodstream infection in preterm infants. But it does not 
affect mortality and is insignificant in the prevalence 
of sepsis.It shows local irritation and is not further 
recommended.46,47

TREATMENT PROGRESS: SOME ADJUVANT 
TREATMENTS ARE BEING EXPLORED

Since the 1980s, intravenous immunoglobulin (IVIG) 
has been widely used in the clinical prevention and 
treatment of septicemia in premature infants, and a 
large number of articles about its effectiveness have 
been published.48,49 However, the results of the study 
conducted by the Neonatal Collaborative Network 
in 1994 showed that IVIG could not reduce the 
incidence of nosocomial infection, and the benefits 
of IVIG for anti-infection were still uncertain. Since 
MRCNS is the main pathogen of LOS, immunoglobulin 
(INHA21) is extracted from donor blood with a high 
titer of staphylococcal antibody for the prevention and 
treatment of LOS. A multicenter, randomised, double-
blind, and phase III clinical observation was conducted 
in 1983 premature infants with BW500-1250 g in the 
United States. INHA21 750 mg/kg or placebo were 
given respectively.The chance of Staphylococcus 
aureus septicemia and Candida infection and mortality 
decreased in the treatment group, but the difference 
was not statistically significant.50

Severely infected newborns quickly deplete the limited 
bone marrow colony-stimulating factor (BM-CSF) in the 
bone marrow storage pool, resulting in granulocytopenia. 
BM-CSF can increase the absolute value of neutrophils 
and enhance the chemotaxis, phagocytosis and 
respiratory burst response of neutrophils. Prophylactic 
administration of granulocyte-macrophage colony-
stimulating factor (GM-CSF) can prevent infection 
when neutropenia occurs in newborns with gestational 
age less than 32 weeks (<1.7×109 / L) or is at risk of 
postnatal neutropenia.51
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In addition, because premature infants are often 
treated with antibiotics, it is easy to cause intestinal 
flora imbalance and increase the risk of septicemia and 
neonatal necrotizing enterocolitis (NEC). Preterm infants 
are also prone to feeding intolerance. Probiotics improve 
nutritional status by improving intestinal tolerance to 
feeding, reducing the need for parenteral nutrition, and 
inhibiting the growth of intestinal pathogenic bacteria. 
The seventy-one barrier effect of intestinal mucosa 
on bacteria and their products was increased, and 
protective immunity was up-regulated. Probiotics may 
reduce the incidence of septicemia, NEC and the use of 
antibiotics, but this conclusion is still controversial by 
foreign scholars.52

Neonatal septicemia often has coagulation dysfunction, 
which leads to multiple organ failures. Active protein 
C can inhibit thrombin production and improve 
microcirculation in this process. Polish scholars 
have successfully treated a full-term newborn with 
septicemia with multiple organ failure by using active 
protein C as adjuvant therapy. All blood coagulation 
indexes returned to normal after 6 hours of treatment, 
and the children recovered after 4 days of treatment.53 

Although active protein C can reduce the mortality 
of children with severe septicemia, there are adverse 
reactions to bleeding. De Carolis MP, et al.  reported that 
a premature infant with 28 days of severe septicemia 
achieved good results after 96 hours of inactivated 
protein C treatment. Therefore, it is recommended that 
active protein C can be used in the adjuvant treatment 
of severe neonatal septicemia.54

Although there are more and more adjuvant treatments 
for septicemia, it is still based on sensitive antibiotics, 
and the course of antibiotic treatment is generally 10-
14 days. For those who are suspected of septicemia 
but without bacterial growth in blood culture and 
without meningitis, the course of antibiotics can be 
appropriately shortened. Comparing the effects of 
4-7 days courses of antibiotics on suspected neonatal 
septicemia with negative blood culture, it was found 
that there was no difference between the two methods 
in improving symptoms.55

Conflict of Interest: None. 

REFERENCES
1. Kuzniewicz MW, Mukhopadhyay S, Li S, Walsh EM, 

Puopolo KM. Time to positivity of neonatal blood cultures for 
early-onset sepsis. Pediatr Infect Dis J. 2020 Jul;39(7):634-40. 
[PubMed | Full Text | DOI]

2. Kucova P, Kantor L, Fiserova K, Lasak J, Roderova M, 
Kolar M. Bacterial pathogens and evaluation of a cut-off 
for defining early and late neonatal infection. Antibiotics 
(Basel). 2021 Mar 9;10(3):278. [PubMed | Full Text | DOI]

3. Sgro M, Shah PS, Campbell D, Tenuta A, Shivananda 
S, Lee SK, et al. Early-onset neonatal sepsis: rate and 
organism pattern between 2003 and 2008. J Perinatol. 2011 
Dec;31(12):794-8. [PubMed | Full Text | DOI]

4. Martius JA, Roos T, Gora B, Oehler MK, Schrod L, 
Papadopoulos T, et al. Risk factors associated with 
early-onset sepsis in premature infants. Eur J Obstet Gynecol 
Reprod Biol. 1999 Aug;85(2):151-8. [PubMed | Full Text | 
DOI]

5. Klinger G, Levy I, Sirota L, Boyko V, Reichman B, Lerner-Geva 
L, et al. Epidemiology and risk factors for early onset sepsis 
among very-low-birthweight infants. Am J Obstet Gynecol. 
2009 Jul;201(1):38.e1-6. [PubMed | Full Text | DOI]

6. Kiatchoosakun P, Jirapradittha J, Sirikarn P, Laopaiboon 
M, Pattanittum P, Chandrakachorn W, et al. Early-onset 
neonatal sepsis and antibiotic use in Northeast Thailand. 
Am J Perinatol. 2019 Oct;36(12):1295-303. [PubMed | Full 
Text | DOI]

7. Kostlin-Gille N, Hartel C, Haug C, Gopel W, Zemlin M, 
Muller A, et al. Epidemiology of early and late onset 
neonatal sepsis in very low birthweight infants: data from 

the German Neonatal Network. Pediatr Infect Dis J. 2021 
Mar 1;40(3):255-9. [PubMed | Full Text | DOI]

8. Pan T, Zhu Q, Li P, Hua J, Feng X. Late-onset neonatal sepsis 
in Suzhou, China. BMC Pediatr. 2020 May 29;20(1):261. 
[PubMed | Full Text | DOI]

9. Zaidi AK, Huskins WC, Thaver D, Bhutta ZA, Abbas Z, 
Goldmann DA. Hospital-acquired neonatal infections 
in developing countries. Lancet. 2005 Mar 26-Apr 
1;365(9465):1175-88. [PubMed | Full Text | DOI]

10. Tavora AC, Castro AB, Militao  MA, Girao JE, Ribeiro Kde 
C, Tavora LG. Risk factors for nosocomial infection in a 
Brazilian neonatal intensive care unit. Braz J Infect Dis. 2008 
Feb;12(1):75-9. [PubMed | Full Text | DOI]

11. Alcock G, Liley HG, Cooke L, Gray PH. Prevention of 
neonatal late-onset sepsis: a randomised controlled trial. 
BMC Pediatr. 2017 Apr 4;17(1):98. [PubMed | Full Text | 
DOI]

12. Camacho-Gonzalez A, Spearman PW, Stoll BJ. Neonatal 
infectious diseases: evaluation of neonatal sepsis. Pediatr 
Clin North Am. 2013 Apr;60(2):367-89. [PubMed | Full Text 
| DOI]

13. Raabe VN , Shane AL. .Group B Streptococcus (Streptococcus 
agalactiae). Microbiol Spectr. 2019 Mar;7(2):10.1128/
microbiolspec.GPP3-0007-2018. [PubMed | Full Text | DOI]

14. Hotchkiss RS, Moldawer LL, Opal SM, Reinhart K, Turnbull 
IR, Vincent JL. Sepsis and septic shock. Nat Rev Dis Primers. 
2016 Jun 30;2:16045. [PubMed | Full Text | DOI]

15. Remick DG. Pathophysiology of sepsis. Am J Pathol. 2007 

Yadav et al. Progress in Diagnosis and Treatment of Neonatal Sepsis: A Review Article

https://pubmed.ncbi.nlm.nih.gov/32379197/
https://journals.lww.com/pidj/Fulltext/2020/07000/Time_to_Positivity_of_Neonatal_Blood_Cultures_for.22.aspx
https://doi.org/10.1097/inf.0000000000002632
https://pubmed.ncbi.nlm.nih.gov/33803288/
https://www.mdpi.com/2079-6382/10/3/278
https://doi.org/10.3390/antibiotics10030278
https://pubmed.ncbi.nlm.nih.gov/21527901/
https://doi.org/10.33314/jnhrc.v0i0.668
https://doi.org/10.1038/jp.2011.40
https://pubmed.ncbi.nlm.nih.gov/10584628/
https://www.ejog.org/article/S0301-2115(99)00018-4/fulltext
https://doi.org/10.1016/s0301-2115(99)00018-4
https://pubmed.ncbi.nlm.nih.gov/19380122/
https://www.ajog.org/article/S0002-9378(09)00240-3/fulltext
https://doi.org/10.1016/j.ajog.2009.03.006
https://pubmed.ncbi.nlm.nih.gov/30597491/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0038-1676829
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0038-1676829
https://doi.org/10.1055/s-0038-1676829
https://pubmed.ncbi.nlm.nih.gov/33538544/
https://journals.lww.com/pidj/Fulltext/2021/03000/Epidemiology_of_Early_and_Late_Onset_Neonatal.18.aspx
https://doi.org/10.1097/inf.0000000000002976
https://pubmed.ncbi.nlm.nih.gov/32471377/
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-020-02103-y
https://doi.org/10.1186/s12887-020-02103-y
https://pubmed.ncbi.nlm.nih.gov/15794973/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)71881-X/fulltext
https://doi.org/10.1016/s0140-6736(05)71881-x
https://pubmed.ncbi.nlm.nih.gov/18553019/
https://www.scielo.br/j/bjid/a/RmxSB7YCjPqgZGJtgz5xxMC/?lang=en
https://doi.org/10.1590/s1413-86702008000100016
https://pubmed.ncbi.nlm.nih.gov/28376891/
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-017-0855-3
https://doi.org/10.1186/s12887-017-0855-3
https://pubmed.ncbi.nlm.nih.gov/23481106/
https://www.sciencedirect.com/science/article/abs/pii/S0031395512002052?via%3Dihub
https://doi.org/10.1016/j.pcl.2012.12.003
https://pubmed.ncbi.nlm.nih.gov/?term=Raabe+VN&cauthor_id=30900541
https://pubmed.ncbi.nlm.nih.gov/?term=Shane+AL&cauthor_id=30900541
https://pubmed.ncbi.nlm.nih.gov/30900541/
https://journals.asm.org/doi/10.1128/microbiolspec.GPP3-0007-2018
https://doi.org/10.1128/microbiolspec.gpp3-0007-2018
https://pubmed.ncbi.nlm.nih.gov/28117397/
https://diabetesjournals.org/care/article-pdf/33/3/676/606088/zdc00310000676.pdf
https://doi.org/10.1038/nrdp.2016.45


JNMA I VOL 60 I ISSUE 247I MARCH 2022323
Free Full Text Articles are Available at www.jnma.com.np

May;170(5):1435-44. [PubMed | Full Text | DOI]

16. Ozkan H, Cetinkaya M, Koksal N, Celebi S, Hacımustafaoglu 
M. Culture-proven neonatal sepsis in preterm infants 
in a neonatal intensive care unit over a 7 year period: 
coagulase-negative Staphylococcus as the predominant 
pathogen. Pediatr Int. 2014 Feb;56(1):60-6. [PubMed | Full 
Text | DOI]

17. Morriss FH Jr, Lindower JB, Bartlett HL, Atkins DL, Kim 
JO, Klein JM, et al. Neonatal Enterovirus infection: case 
series of clinical sepsis and positive cerebrospinal fluid 
Polymerase Chain Reaction test with myocarditis and 
cerebral white matter injury complications. AJP Rep. 2016 
Jul;6(3):e344-e351. [PubMed | Full Text | DOI]

18. Shane AL, Stoll BJ. Neonatal sepsis: progress towards 
improved outcomes. J Infect. 2014 Jan;68 Suppl 1:S24-32. 
[PubMed | Full Text | DOI]

19. Dong Y , Basmaci R, Titomanlio L, Sun B, J C. Neonatal 
sepsis: within and beyond China. Chin Med J (Engl) 2020 
Sep 20;133(18):2219-28. [PubMed | Full Text | DOI]

20. Cruz AT, Lane RD, Balamuth F, Aronson PL, Ashby DW, 
Neuman MI, et al. Updates on pediatric sepsis. J Am Coll 
Emerg Physicians Open. 2020 Jul 3;1(5):981-93. [PubMed | 
Full Text | DOI]

21. Johnson I, Hammond GW, Verma MR. Nosocomial 
coxsackie B4 virus infections in two chronic-care pediatric 
neurological wards. J Infect Dis. 1985 Jun;151(6):1153-6. 
[PubMed | Full Text | DOI]

22. Rosenlew M, Stenvik M, Roivainen M, Jarvenpaa AL, Hovi 
T. A population-based prospective survey of newborn 
infants with suspected systemic infection: occurrence of 
sporadic enterovirus and adenovirus infections. J Clin Virol. 
1999 May;12(3):211-9. [PubMed | Full Text | DOI]

23. Gerdes J S , Polin R. Early diagnosis and treatment of 
neonatal sepsis.Indian J Pediatr. Jan-Feb 1998;65(1):63-78. 
[PubMed | Full Text | DOI]

24. van Rossum AM, Wulkan RW, Oudesluys-Murphy AM. 
Procalcitonin as an early marker of infection in neonates and 
children. Lancet Infect Dis. 2004 Oct;4(10):620-30. [PubMed 
| Full Text | DOI]

25. Mathur NB, Behera B. Blood Procalcitonin Levels and 
Duration of Antibiotics in Neonatal Sepsis. J Trop Pediatr. 
2019 Aug 1;65(4):315-20. [PubMed | Full Text | DOI] 

26. Carrol ED, Thomson AP, Hart CA. Procalcitonin as a 
marker of sepsis. Int J Antimicrob Agents. 2002 Jul;20(1):1-9. 
[PubMed | Full Text | DOI]

27. Santuz P, Soffiati M, Dorizzi RM, Benedetti M, Zaglia F, 
Biban P. Procalcitonin for the diagnosis of early-onset 
neonatal sepsis: a multilevel probabilistic approach. Clin 
Biochem. 2008 Oct;41(14-15):1150-5. [PubMed | Full Text | 
DOI]

28. Tahir Ismail A Q, Gandhi A. Using CRP in neonatal practice. 
J Matern Fetal Neonatal Med. 2015 Jan;28(1):3-6. [PubMed | 
Full Text | DOI]

29. Tsalik EL, Woods CW. Sepsis redefined: the search for 
surrogate markers. Int J Antimicrob Agents. 2009;34 Suppl 
4:S16-20. [PubMed | Full Text | DOI]

30. Delanghe JR, Speeckaert MM. Translational research and 
biomarkers in neonatal sepsis. Clin Chim Acta. 2015 Dec 
7;451(Pt A):46-64. [PubMed | Full Text | DOI]

31. Kocabas E, Sarikcioglu A, Aksaray N, Seydaoglu G, Seyhun 
Y, Yaman A. Role of procalcitonin, C-reactive protein, 
interleukin-6, interleukin-8 and tumor necrosis factor-alpha 
in the diagnosis of neonatal sepsis. Turk J Pediatr. 2007 
Jan-Mar;49(1):7-20. [PubMed | Full Text]

32. Chaaban H, Singh K, Huang J, Siryaporn E, Lim YP, 
Padbury JF. The role of inter-alpha inhibitor proteins in the 
diagnosis of neonatal sepsis. J Pediatr. 2009 Apr;154(4):620-2.
e1. [PubMed | Full Text | DOI]

33. Dulay AT, Buhimschi IA, Zhao G, Luo G, Abdel-Razeq S, 
Cackovic M, et al. Nucleated red blood cells are a direct 
response to mediators of inflammation in newborns with 
early-onset neonatal sepsis. Am J Obstet Gynecol. 2008 
Apr;198(4):426.e1-9. [PubMed | Full Text | DOI]

34. Dutta S, Narang A, Chakraborty A, Ray P. Diagnosis of 
neonatal sepsis using universal primer polymerase chain 
reaction before and after starting antibiotic drug therapy. 
Arch Pediatr Adolesc Med. 2009 Jan;163(1):6-11. [PubMed | 
Full Text | DOI]

35. Murphy K, Weiner J. Use of leukocyte counts in evaluation 
of early-onset neonatal sepsis. Pediatr Infect Dis J. 2012 
Jan;31(1):16-9. [PubMed | Full Text | DOI]

36. Yanni GN, Saragih RAC. Platelet Profile as Prognostic Factor 
in Critically ill Children. Open Access Maced J Med Sci. 2020 
Aug 18;8(B):966-8. [Full Text | DOI]

37. Guida JD, Kunig AM, Leef KH, McKenzie SE, Paul DA. 
Platelet count and sepsis in very low birth weight neonates: 
is there an organism-specific response? Pediatrics. 2003 
Jun;111(6 Pt 1):1411-5. [PubMed | Full Text | DOI]

38. Waitkins SA. Evaluation of rapid methods of identifying 
group B streptococci. J Clin Pathol. 1980 Mar;33(3):302-5. 
[PubMed | Full Text | DOI]

39. Leland DS, Lachapelle RC, Wlodarski FM. Method for rapid 
detection of group B streptococci by coagglutination. J Clin 
Microbiol. 1978 Apr;7(4):323-6. [PubMed | Full Text | DOI]

40. Pokhrel B, Koirala T, Shah G, Joshi S, Baral P. Bacteriological 
profile and antibiotic susceptibility of neonatal sepsis in 
neonatal intensive care unit of a tertiary hospital in Nepal. 
BMC Pediatr. 2018 Jun 27;18(1):208. [PubMed | Full Text | 
DOI]

41. Bates M, Kabwe M, Zumla A. Neonatal sepsis and antibiotic 
resistance in developing countries. Pediatr Infect Dis J.2014 
Oct;33(10):1097. [PubMed | Full Text | DOI]

42. Mehr SS, Sadowsky JL, Doyle LW, Carr J. Sepsis in neonatal 
intensive care in the late 1990s. J Paediatr Child Health. 2002 
Jun;38(3):246-51. [PubMed | Full Text | DOI]

43. Korang SK, Safi S, Gluud C, Lausten-Thomsen U, Jakobsen 
JC. Antibiotic regimens for neonatal sepsis - a protocol for 
a systematic review with meta-analysis. Syst Rev. 2019 Dec 
5;8(1):306. [PubMed | Full Text | DOI]

44. Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD. 
Early-onset neonatal sepsis. Clin Microbiol Rev. 2014 
Jan;27(1):21-47. [PubMed | Full Text | DOI]

Yadav et al. Progress in Diagnosis and Treatment of Neonatal Sepsis: A Review Article

https://pubmed.ncbi.nlm.nih.gov/17456750/
https://diabetesjournals.org/care/article-pdf/33/3/676/606088/zdc00310000676.pdf
https://doi.org/10.2353/ajpath.2007.060872
https://pubmed.ncbi.nlm.nih.gov/24003995/
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12218
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12218
https://doi.org/10.1111/ped.12218
https://pubmed.ncbi.nlm.nih.gov/27695644/
https://apps.who.int/iris/bitstream/handle/10665/330893/WHO-nCoV-Clinical-2020.3-eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1055/s-0036-1593406
https://pubmed.ncbi.nlm.nih.gov/24140138/
https://www.journalofinfection.com/article/S0163-4453(13)00278-8/fulltext
https://doi.org/10.1016/j.jinf.2013.09.011
https://pubmed.ncbi.nlm.nih.gov/?term=Dong+Y&cauthor_id=32826609
https://pubmed.ncbi.nlm.nih.gov/?term=Basmaci+R&cauthor_id=32826609
https://pubmed.ncbi.nlm.nih.gov/?term=Titomanlio+L&cauthor_id=32826609
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+B&cauthor_id=32826609
https://pubmed.ncbi.nlm.nih.gov/32826609/
https://www.medrxiv.org/content/10.1101/2020.02.29.20027698v2.full.pdf+html
https://doi.org/10.1097/cm9.0000000000000935
https://pubmed.ncbi.nlm.nih.gov/33145549/
https://doi.org/10.1101/2020.02.29.20027698
https://doi.org/10.1002/emp2.12173
https://pubmed.ncbi.nlm.nih.gov/3998510/
https://academic.oup.com/jid/article-abstract/151/6/1153/905434?redirectedFrom=fulltext&login=false
https://doi.org/10.1093/infdis/151.6.1153
https://pubmed.ncbi.nlm.nih.gov/10382818/
https://www.sciencedirect.com/science/article/abs/pii/S1386653298000122?via%3Dihub
https://doi.org/10.1016/s1386-6532(98)00012-2
https://pubmed.ncbi.nlm.nih.gov/?term=Gerdes+JS&cauthor_id=10771948
https://pubmed.ncbi.nlm.nih.gov/?term=Polin+R&cauthor_id=10771948
https://pubmed.ncbi.nlm.nih.gov/10771948/
https://link.springer.com/article/10.1007/BF02849696
https://doi.org/10.1007/bf02849696
https://pubmed.ncbi.nlm.nih.gov/15451490/
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(04)01146-6/fulltext
https://doi.org/10.1016/s1473-3099(04)01146-6
https://pubmed.ncbi.nlm.nih.gov/30137640/
https://www.nejm.org/doi/pdf/10.1056/NEJMra0904124?articleTools=true
https://doi.org/10.1093/tropej/fmy053
https://pubmed.ncbi.nlm.nih.gov/12127705/
https://www.sciencedirect.com/science/article/abs/pii/S092485790200047X?via%3Dihub
https://doi.org/10.1016/s0924-8579(02)00047-x
https://pubmed.ncbi.nlm.nih.gov/18606160/
https://www.sciencedirect.com/science/article/abs/pii/S0009912008002245?via%3Dihub
https://doi.org/10.1016/j.clinbiochem.2008.05.015
https://pubmed.ncbi.nlm.nih.gov/?term=Ismail+AQ&cauthor_id=24438497
https://pubmed.ncbi.nlm.nih.gov/?term=Gandhi+A&cauthor_id=24438497
https://pubmed.ncbi.nlm.nih.gov/24438497/
https://www.tandfonline.com/doi/abs/10.3109/14767058.2014.885499?journalCode=ijmf20
https://doi.org/10.3109/14767058.2014.885499
https://pubmed.ncbi.nlm.nih.gov/19931810/
https://www.sciencedirect.com/science/article/pii/S0924857909705606?via%3Dihub
https://doi.org/10.1016/s0924-8579(09)70560-6
https://pubmed.ncbi.nlm.nih.gov/25661089/
https://www.sciencedirect.com/science/article/abs/pii/S0009898115000534?via%3Dihub
https://doi.org/10.1016/j.cca.2015.01.031
https://pubmed.ncbi.nlm.nih.gov/17479639/
http://www.turkishjournalpediatrics.org/uploads/pdf_TJP_376.pdf
https://pubmed.ncbi.nlm.nih.gov/19324226/
https://www.jpeds.com/article/S0022-3476(08)00873-1/fulltext
https://doi.org/10.1016/j.jpeds.2008.10.008
https://pubmed.ncbi.nlm.nih.gov/18395034/
https://www.ajog.org/article/S0002-9378(08)00100-2/fulltext
https://doi.org/10.1016/j.ajog.2008.01.040
https://pubmed.ncbi.nlm.nih.gov/19124696/
https://jamanetwork.com/journals/jamapediatrics/fullarticle/380664
https://doi.org/10.1001/archpediatrics.2008.513
https://pubmed.ncbi.nlm.nih.gov/21860335/
https://journals.lww.com/pidj/Fulltext/2012/01000/Use_of_Leukocyte_Counts_in_Evaluation_of.5.aspx
https://doi.org/10.1097/inf.0b013e31822ffc17
https://oamjms.eu/index.php/mjms/article/view/4448/5095
https://doi.org/10.3889/oamjms.2020.4448
https://pubmed.ncbi.nlm.nih.gov/12777561/
https://publications.aap.org/pediatrics/article-abstract/111/6/1411/28581/Platelet-Count-and-Sepsis-in-Very-Low-Birth-Weight?redirectedFrom=fulltext
https://doi.org/10.1542/peds.111.6.1411
https://pubmed.ncbi.nlm.nih.gov/6991531/
https://jcp.bmj.com/content/jclinpath/33/3/302.full.pdf
https://doi.org/10.1136/jcp.33.3.302
https://pubmed.ncbi.nlm.nih.gov/357439/
https://journals.asm.org/doi/epdf/10.1128/jcm.7.4.323-326.1978
https://doi.org/10.1128/jcm.7.4.323-326.1978
https://pubmed.ncbi.nlm.nih.gov/29950162/
https://bmcpediatr.biomedcentral.com/track/pdf/10.1186/s12887-018-1176-x.pdf
https://doi.org/10.1186/s12887-018-1176-x
https://pubmed.ncbi.nlm.nih.gov/25361190/
https://journals.lww.com/pidj/Fulltext/2014/10000/Neonatal_Sepsis_and_Antibiotic_Resistance_in.28.aspx
https://doi.org/10.1097/inf.0000000000000388
https://pubmed.ncbi.nlm.nih.gov/12047691/
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1440-1754.2002.00768.x?sid=nlm%3Apubmed
https://doi.org/10.1046/j.1440-1754.2002.00768.x
https://pubmed.ncbi.nlm.nih.gov/31805993/
https://systematicreviewsjournal.biomedcentral.com/track/pdf/10.1186/s13643-019-1207-1.pdf
https://doi.org/10.1186/s13643-019-1207-1
https://pubmed.ncbi.nlm.nih.gov/24396135/
https://journals.asm.org/doi/pdf/10.1128/cmr.00031-13
https://doi.org/10.1128/cmr.00031-13


JNMA I VOL 60 I ISSUE 247I MARCH 2022324
Free Full Text Articles are Available at www.jnma.com.np

45. Ding Y, Wang Y, Hsia Y, Sharland M, Heath PT. Systematic 
review of carbapenem-resistant Enterobacteriaceae causing 
neonatal sepsis in China. Ann Clin Microbiol Antimicrob. 
2019 Nov 14;18(1):36. [PubMed | Full Text | DOI]

46. Salam RA, Darmstadt GL, Bhutta ZA. Effect of emollient 
therapy on clinical outcomes in preterm neonates in 
Pakistan: a randomised controlled trial. Arch Dis Child Fetal 
Neonatal Ed. 2015 May;100(3):F210-5. [PubMed | Full Text 
| DOI]

47. Erdemir A, Kahramaner Z, Yuksel Y, Cosar H, Turkoglu E, 
Sutcuoglu S, et al. The effect of topical ointment on neonatal 
sepsis in preterm infants. J Matern Fetal Neonatal Med. 2015 
Jan;28(1):33-6. [PubMed | Full Text | DOI]

48. Carbone F, Montecucco F, Sahebkar A. Current and emerging 
treatments for neonatal sepsis. Expert Opin Pharmacother. 
2020 Apr;21(5):549-56. [PubMed | Full Text | DOI]

49. Alejandria MM, Lansang MA, Dans LF, Mantaring JB 3rd. 
Intravenous immunoglobulin for treating sepsis, severe 
sepsis and septic shock. Cochrane Database Syst Rev. 2013 
Sep 16;2013(9):CD001090. [PubMed | Full Text | DOI]

50. de la Morena MT. Specific immune globulin therapy for 
prevention of nosocomial staphylococcal bloodstream 
infection in premature infants: not what we hoped for! J 
Pediatr. 2007 Sep;151(3):232-4. [PubMed | Full Text | DOI]

51. Silvinato A, Bernardo WM, Floriano I, Soledade GNB. 
Neonatal sepsis with neutropenia: granulocyte-colony 
stimulating factor (G-CSF). Rev Assoc Med Bras (1992). 2020 
Feb 27;66(1):3-10. [PubMed | Full Text | DOI]

52. Michael A Silverman M A ,  Konnikova L ,  Gerber J S. Impact 
of antibiotics on necrotizing Enterocolitis and antibiotic-
associated diarrhea. Gastroenterol Clin North Am. 2017 
Mar;46(1):61-76. [PubMed | Full Text | DOI]

53. Rawicz M, Sitkowska B, Rudzinska I, Kornacka MK, 
Bochenski P. Recombinant human activated protein 
C for severe sepsis in a neonate. Med Sci Monit. 2002 
Nov;8(11):CS90-4. [PubMed | Full Text]

54. De Carolis MP, Polimeni V, Papacci P, Lacerenza S, 
Romagnoli C. Severe sepsis in a premature neonate: 
protein C replacement therapy. Turk J Pediatr. 2008 
Jul-Aug;50(4):405-8. [PubMed | Full Text] 

55. Saini SS, Dutta S, Ray P, Narang A. Short course versus 
7-day course of intravenous antibiotics for probable neonatal 
septicemia: a pilot, open-label, randomized controlled trial. 
Indian Pediatr. 2011 Jan;48(1):19-24. [PubMed | Full Text | 
DOI]

Yadav et al. Progress in Diagnosis and Treatment of Neonatal Sepsis: A Review Article

© The Author(s) 2022. 

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article are 
included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative 
Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this license, visit 
http://creativecommons.org/licenses/by/4.0/

https://pubmed.ncbi.nlm.nih.gov/31727088/
https://ann-clinmicrob.biomedcentral.com/track/pdf/10.1186/s12941-019-0334-9.pdf
https://doi.org/10.1186/s12941-019-0334-9
https://pubmed.ncbi.nlm.nih.gov/25637007/
https://fn.bmj.com/content/100/3/F210
https://doi.org/10.1136/archdischild-2014-307157
https://pubmed.ncbi.nlm.nih.gov/24588277/
https://www.tandfonline.com/doi/abs/10.3109/14767058.2014.900037?journalCode=ijmf20
https://doi.org/10.3109/14767058.2014.900037
https://pubmed.ncbi.nlm.nih.gov/32011188/
https://www.tandfonline.com/doi/abs/10.1080/14656566.2020.1721464?journalCode=ieop20
https://doi.org/10.1080/14656566.2020.1721464
https://pubmed.ncbi.nlm.nih.gov/24043371/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001090.pub2/epdf/full
https://doi.org/10.1002/14651858.cd001090.pub2
https://pubmed.ncbi.nlm.nih.gov/17719927/
https://www.jpeds.com/action/showPdf?pii=S0022-3476%2807%2900603-8
https://doi.org/10.1016/j.jpeds.2007.06.031
https://pubmed.ncbi.nlm.nih.gov/32130373/
https://f1000research.com/articles/10-113/v2/pdf?article_uuid=f6a01cd3-a3a9-4c02-bc81-96c60bd21ebf
https://doi.org/10.1590/1806-9282.66.1.3
https://pubmed.ncbi.nlm.nih.gov/?term=Silverman+MA&cauthor_id=28164853
https://pubmed.ncbi.nlm.nih.gov/?term=Konnikova+L&cauthor_id=28164853
https://pubmed.ncbi.nlm.nih.gov/?term=Gerber+JS&cauthor_id=28164853
https://pubmed.ncbi.nlm.nih.gov/28164853/
https://academic.oup.com/ofid/article-pdf/3/2/ofw072/33604131/ofw072.pdf
https://doi.org/10.1016/j.gtc.2016.09.010
https://pubmed.ncbi.nlm.nih.gov/12444386/
https://www.medscimonit.com/abstract/index/idArt/4829
https://pubmed.ncbi.nlm.nih.gov/19014060/
https://www.turkishjournalpediatrics.org/uploads/pdf_TJP_544.pdf
https://pubmed.ncbi.nlm.nih.gov/20972299/
https://www.indianpediatrics.net/jan2011/19.pdf
https://doi.org/10.1007/s13312-011-0019-8

	_heading=h.30j0zll
	_heading=h.1fob9te
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_GoBack
	_GoBack

