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Abstract

Neonatal sepsis is still a significant cause of mortality and morbidity at 
the Neonatal Intensive Care Unit (NICU) and an important cause of long 
hospitalization time, even though it has diminished with the improvement of 
neonatal care. The aim of this study was to systematically review data on the 
risk factors for neonatal sepsis, so that the incidence of neonatal sepsis can 
be minimized. 

A PubMed literature search for all relevant studies from 1999 to 2019 was 
conducted and after a first analysis based on titles and abstracts and a second 
analysis based on the full texts, a total of 35 articles were selected to review.

Based on the evidence extracted from these articles, the risk factors 
for neonatal sepsis can be divided into three categories: maternal factors, 
neonatal factors and factors associated with the NICU. Thus, the identified 
maternal risk factors were premature rupture of membranes and maternal 
infection. In terms of neonatal risk factors, prematurity, low birth weight, 
low Apgar score, meconium-stained amniotic fluid, birth asphyxia, not crying 
immediately after birth and need for resuscitation were the primary risk 
factors identified. Regarding the NICU, the central venous catheter was the 
most isolated risk factor, both its use and duration, followed by mechanical 
ventilation and parenteral nutrition. 

However, some variable results were inconsistent, which reinforces the 
need for further multicenter studies to evaluate these risk factors in order to 
understand their association with neonatal sepsis, so that preventive measures 
can be implemented. 

Keywords

Neonatal sepsis, neonatal infection, early-onset sepsis, late-onset sepsis, risk 
factors, Neonatal Intensive Care Unit.

Corresponding author

Hercília Guimarães, Faculdade de Medicina do Porto, Alameda Prof. Hernâni Monteiro, 4200-319 Porto, 

Portugal; tel.: 00351919317720; email: herciliaguimaraes@gmail.com.

Review



2/15 Araújo • Guimarães

Journal of Pediatric and Neonatal Individualized Medicine • vol. 9 • n. 2 • 2020www.jpnim.com Open Access

How to cite

Araújo BC, Guimarães H. Risk factors for neonatal sepsis: an 

overview. J Pediatr Neonat Individual Med. 2020;9(2):e090206. doi: 

10.7363/090206.

Introduction

Sepsis is a systemic response to infection, 
meaning that there is a release of vasoactive media-
tors that cause suppression of the autonomic nervous 
system regulation leading to diffuse vasodilatation 
and hypoperfusion [1] which may cause multi-organ 
failure and result possibly in death. 

Neonatal sepsis is still a significant cause of 
mortality and morbidity in the Neonatal Intensive 
Care Unit (NICU) and an important cause of long 
hospitalization [2] even though it has decreased 
with the improvement of neonatal care [3].

According to the World Health Organization 
(WHO), in 2016, 46% of deaths in children under-
five were neonates and 7% of these were caused 
by neonatal sepsis. In Portugal, in the same year, 
the percentage of neonatal deaths due to sepsis or 
other infection condition was 8.2% [4]. This means 
a significant decrease from 21.8% in 2000 [5]. 
The incidence of neonatal infection in the United 
Kingdom was 6.1 cases per 1,000 live births, in 
2017, and this incidence has been reducing over 
time in both early-onset (EOS) and late-onset sepsis 
(LOS) with the introduction of infection prevention 
care bundles [6].

EOS occurs during the first 72 hours of life, 
has an acute onset and often develops rapidly with 
multi-organ failure [7, 8]. It is caused by pathogens, 
often colonizers of the maternal genitourinary tract, 
transmitted vertically and this transition can occur 
during the gestation or the delivery [3, 9]. When it 
comes to the pathogens, 70% of infections are caused 
by Group B Streptococcus (GBS) and Escherichia 
coli (E. coli); however, it is important to keep in mind 
other less common pathogens like Streptococcus 
pneumoniae, Staphylococcus aureus, Enterococcus 
spp., Enterobacter spp., Haemophilus influenzae and 
Listeria monocytogens [6, 9]. E. coli is the main cause 
in preterm infants and the second most common cause 
in term infants and has been associated with severe 
infections and meningitis [3]. Medical interventions, 
such as amniocentesis and cervical cerclage, disrupt 
the amniotic cavity and enhance the probability of 
intra-amniotic infection, which may lead to neonatal 
sepsis. However, the most important maternal risk 
factors occur during delivery, meaning prolonged 

rupture of membrane, fever, chorioamnionitis, positive 
colonization with GBS or history of previous infant 
with GBS infection and GBS bacteriuria. Less studied 
risk factors, but important to keep in mind, are the 
social and ethnic factors such as poor or late prenatal 
care, low socioeconomic status of the mother, poor 
maternal nutrition, maternal substance abuse, male sex 
and African American mother [9].

LOS occurs after the 72 hours’ period and can 
be acquired during the postnatal period by vertically 
or horizontally transmitted microorganisms [3, 9]. 
The main pathogens are Gram-positive, mainly 
coagulase-negative Staphylococcus (CoNS) (48%), 
[3, 6], but the highest mortality rates are due to 
Pseudomonas aeruginosa, Candida albicans, 
Serratia marcescens and E. coli [3, 10]. The GBS 
can also cause LOS; however, they are not as 
common as the ones previously mentioned. Despite 
that, they remain a common cause of meningitis 
with severe neurologic sequelae [3].

Staphylococcus epidermidis incidence is growing, 
being mostly associated with invasive procedures. 
This microorganism complicates the diagnostic even 
more because it belongs to the normal skin flora, 
which makes the distinction between contamination 
and sepsis more difficult [11]. 

Taking into consideration the difficult process 
of diagnosing and treating neonatal sepsis, the best 
course of action is prevention and, for that reason, 
different protocols have been developed to decrease 
nosocomial infection. In Portugal, a nosocomial 
infections preventive bundle was implemented in 
2010, which reduced in the incidence density of 
nosocomial sepsis by 44% [2, 11].

The aim of this systematic review was to evaluate 
the recent literature on risk factors for neonatal 
sepsis, in order to understand which factors should 
physicians be attentive to so that the incidence of 
neonatal sepsis can be minimized.

Methods

Protocol

This review was conducted based on the 
Preferred Reporting of Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines [12].

Systematic literature search

In January 2019, a PubMed literature search for 
all potentially relevant studies from 1999 to 2019 was 
executed. A combination of the following MESH 
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terms and keywords was used: “Shock, Septic”[Mesh], 
“Infant, Newborn”[Mesh], ”Neo natal Sepsis/
complications”[Mesh], “Neo natal Sepsis”[Mesh], 
“Risk Factors”[Mesh], “Neo natology”[Mesh], 
“Intensive Care Units, Neo natal”[Mesh], “late-
onset”[All Fields], “early-onset”[All Fields]. 
References were then crosschecked in order to include 
articles missed by the initial search strategy, using the 
same inclusion and exclusion criteria. 

Eligibility criteria

Prospective, retrospective observational studies 
and clinical trials whose aim was to identify risk 
factors for neonatal sepsis were eligible. All articles 
needed to concern human subjects between the age 
of 1-28 days. Case reports, comments, narrative 
or systematic reviews and meta-analyses were 
excluded, as well as studies that did not include 
the outcome. Duplicate articles or articles without 
full-length text availability were also excluded. In 
regards to language, both articles in English and 
Portuguese were accepted. 

Study selection

All titles and abstracts were reviewed to identify 
all relevant articles. After a first analysis, the 
relevant articles’ full-length texts were reviewed 
and their bibliography lists were manually 
searched, in order to find more references not 
obtained by the original Pubmed search. 

Data items

The data were collected on year of publication, 
country, study design, numbers of patients enrolled 
in the study, duration of the study, and identified 
risk factors. 

Summary measurements and synthesis of results

The principal summary measures included 
were risk ratios. All data were collected from the 
different studies, then combined according to the 
different risk factors and then summarized. 

Results

Study selection

From the PubMed research, 642 articles were 
found, 248 of which were duplicates and therefore 

removed. 394 articles remained and were screened 
based on their titles and abstracts. After this first 
analysis, 73 articles were selected for full-text 
review and 321 were excluded: 20 were systematic 
reviews, 45 were case reports, 61 did not include 
the neonatal population of this review and 195 
did not address the outcome of interest. Of the 73 
included, 36 were excluded after full-length text 
review because they did not address the outcome 
of interest and 3 articles were not possible to 
include because we did not have access to the full 
text, remaining 34 articles (Fig. 1). 

Study characteristics

This review included many prospective and 
retrospective case-controls and cohort studies, 
as well as a randomized clinical trial. Most 
studies were single-center from developed and 
developing countries. The studies characteristics 
are summarized in Annex 1.

Results of individual studies

 
The identified risk factors for each study and the 
results from their statistic tests are summarized in 
Tables 1-6.

Figure 1. Flowchart of the systematic review. 

642 articles identified 
through PubMed searching

394 articles screened after 
duplicates removed

73 full-text articles 
assessed for eligibility

34 articles selected for 
data extraction

321 articles excluded:
• 20 were systematic reviews
• 45 were case reports
• 61 did not include the neonatal population 
• 195 did not address the outcome of interest

39 articles excluded:
• 36 did not address our outcomes of interest
• No access to full text of 3 articles
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Table 1. Identified maternal risk factors for neonatal sepsis.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

Maternal 
infection

PROM (EOS) 9.33 2.12-46.73 0.001 OR [18]
PROM 5.75 3.20-10.40 AOR [16]
PROM ≥ 24 hours (EOS) 3.38 1.80-6.32 < 0.0001 RR [20]
PROM (EOS) 0.207 0.078-0.547 0.001 OR [19]
PROM 7.43 2.04-27.71 AOR [14]
PROM ≥ 18 hours to hospital 
admission 3.08 1.15-8.49 0.009 OR [15]

PROM ≥ 15 hours during 
hospitalization 7.32 2.32-30.37 < 0.001 OR [15]

PROM ≥ 48 hours to delivery 5.77 1.93-16.11 < 0.001 OR [15]
PROM 5.677 0.055-0.565 < 0.001 OR [13]
PPROM ≥ 18 hours to hospital 
admission 2.95 1.05-8.72 0.019 OR [15]

PPROM ≥ 38 hours during 
hospitalization 4.03 1.41-11.94 0.002 OR [15]

PPROM ≥ 59 hours to delivery 5.69 1.96-17.67 0.002 OR [15]
PPROM ≥ 4 weeks 0.21 0.10-0.41 OR [24]
Maternal infection (EOS) 2.28 1.12-4.63 0.009 OR [18]
UTI 5.9 1.9-18.3 0.001 OR [25]
UTI/STI 3.007 1.477-6.425 0.002 OR [22]
UTI/STI 5.23 1.82-15.04 AOR [14]
UTI 2.9 1.489-5.527 0.002 AOR [26]
Chorioamnionitis on chorioamniotic 
plate (EOS) 34.46 3.60-329.28 < 0.0021 OR [27]

Chorioamnionitis on amniotic 
membrane (EOS) 8.72 2.10-36.14 < 0.0028 OR [27]

Peri-partum pyrexia 2.25 1.05-4.78 AOR [16]
Peri-partum pyrexia 6.08 1.29-28.31 AOR [14]
Fever at home (EOS) 10.00 2.3-43.5 RR [21]

Birth route

CS 1.895 1.087-3.303 0.032 OR [23]
CS (EOS) 0.207 0.041-0.258 0.000 OR [19]
CS 4.3 1.025-17.924 0.046 AOR [26]
Elective CS 0.15 0.07-0.36 < 0.001 OR [35]
Elective CS (EOS) 0.17 0.07-0.41 < 0.001 OR [35]

Delivery

Delivery at health centre 5.70 1.71-19.00 AOR [14]
Delivery at clinic 3.3 1.195-9.333 0.022 AOR [26]
Delivery at health centre 4.2 1.934-8.967 0.000 AOR [26]
Delivery at hospital 2.6 1.197-5.443 0.015 AOR [26]
Instrumental delivery 6.3 1.252-31.768 0.026 AOR [26]
Prolonged labour 2.97 1.82-4.86 AOR [16]

Socio-
economic 
factors

Lower socio-economic status 3.08 (EOS) 1.86-5.11 (EOS) AOR [16]4.01 (LOS) 2.37-10.53 (LOS)
Place of domicile 2.27 1.01-5.11 0.047 OR [33]
Good cord care 0.42 0.25-0.82 0.009 OR [33]
Poor feeding 6.24 3.37- 11.53 0.000 OR [33]
Lack of antenatal care 2.39 1.05-5.49 0.02 OR [34]
Prenatal care < 6 consultations (EOS) 10.77 1.4-80.8 RR [21]

Demographic 

Maternal age > 35 years old (EOS) 4.835 1.170-19.981 0.029 OR [19]
Maternal age 31-40 years old 0.390 0.161-0.919 0.017 OR [22]
Black, non-Hispanic 1.51 1.24-1.85 HR [29]
Hispanic 1.95 1.16-3.28 OR [24]
Hispanic 1.55 1.11-2.17 HR [29]
Primiparous 3.436 1.784-6.884 0.000 OR [22]
Increasing parity 1.18 1.01-1.37 0.032 OR [28]
Primiparous 1.89 1.050-4.498 < 0.001 OR [13]

Mother 
diseases

HIV mother 0.46 0.23-0.93 0.029 OR [28]
Maternal bleeding disorder 8.76 2.746-28.004 < 0.001 OR [13]
Low Vitamin D (EOS) < 0.001 [30]
Low cord blood 25(OH)D < 30 ng/mL 
(EOS) 5.6 1.3-23.5 OR [31]

AOR: adjusted odds ratio; CS: caesarean section; EOS: early-onset sepsis; HIV: human immunodeficiency virus; HR: hazard ratio; OR: odds 
ratio; PPROM: preterm premature rupture of membranes; PROM: premature rupture of membranes; RR: risk ratio; STI: sexually transmitted 
infection; UTI: urinary tract infection.
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Table 2. Identified neonatal risk factors for neonatal sepsis.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

Demographic

BW < 2,500 g (EOS) 24.8 5.16-27.04 OR [18]
BW < 2,500 g (EOS) 21.47 7.3-63.2 RR [21]
BW < 2,500 g 2.75 1.454-5.20 0.001 OR [23]

BW < 1,500 g
3.30 (EOS) 1.84-5.93 (EOS)

AOR [16]
3.12 (LOS) 0.83-12.05 (LOS)

BW < 1,500 g (LOS) 1.37 0.91-2.06 RR [38]
BW < 1,500 g (EOS) 3.96 1.22-12.87 0.022 OR [35]
GA (EOS) 0.09 0.017-0.007 0.017 OR [36]
GA < 37 weeks (EOS) 92.86 12.6-684.7 RR [21]
GA < 37 weeks 4.073 2.180-7.609 0.000 OR [23]

GA < 32 weeks
6.18 (EOS) 2.60-15.00 (EOS)

AOR [16]
10.2 (LOS) 2.37-10.53 (LOS)

GA < 37 weeks (EOS) 2.19 1.41-3.40 < 0.0001 RR [20]
GA < 37 weeks (EOS) 0.059 0.010-0.329 0.001 OR [19]
GA < 37 weeks 5.765 3.006-11.511 0.000 OR [22]
GA < 37 weeks (EOS) 14.9 2.3-94.4 OR [31]
GA < 37 weeks 2.35 1.39-3.96 HR [29]
GA < 28 weeks (LOS) 2.29 0.81-5.81 RR [38]
GA < 28 weeks 18.59 2.90-774.57 < 0.001 OR [15]
GA 28-34 weeks 77.08 8.33-713.29 < 0.001 OR [15]
GA 34-37 weeks 22.48 2.89-174.22 0.003 OR [15]
GA 37-42 weeks 2.90 1.742-4.842 < 0.001 OR [13]
GA > 42 weeks 4.70 1.553-14.273 < 0.001 OR [13]
Increasing infant age 1.07 1.01-1.13 0.021 OR [28]
Infant age < 7 days 6.73 3.47-13.07 < 0.001 OR [35]
Male sex 1.96 1.17-3.29 0.01 OR [34]
Male sex 1.806 1.021-3.224 0.040 OR [22]

Perinatal 
period

5th min Apgar < 7 (EOS) 19.5 9.0-41.9 RR [21]
1st min Apgar score < 7 5.198 2.800-9.952 0.000 OR [22]
5th min Apgar < 7 68.9 3.63-1307.90 AOR [14]
5th min Apgar ≤ 3 (LOS) 2.45 1.04-5.76 RR [38]
1st min Apgar < 7 2.05 1.355-3.120 < 0.001 OR [13]
5th min Apgar < 7 2.39 1.495-3.849 < 0.001 OR [13]
1st min Apgar < 7 (EOS) 2.69 1.36-5.53 0.005 OR [35]
5th min Apgar < 7 (EOS) 2.45 1.12-5.36 0.025 OR [35]
Perinatal asphyxia 4.30 2.62-7.04 AOR [16]
Perinatal asphyxia (LOS) 5.15 1.92-13.83 0.001 RR [20]
Crying at birth 0.081 0.003-0.425 0.001 OR [22]
Crying at birth 0.01 0.00-0.16 AOR [14]
Resuscitation at birth 5.274 1.630-24.558 0.004 OR [22]
No need for resuscitation at birth 0.87 0.485-1.563 < 0.004 OR [13]
Nasal flaring 0.54 0.31-0.96 0.034 OR [28]
Pallor 0.36 0.14-0.94 0.037 OR [28]
MSAF 2.535 1.225-5.245 0.029 OR [23]
MSAF 3.625 1.730-8.103 0.000 OR [22]
MSAF (EOS) 4.43 1.94-10.12 < 0.001 OR [35]
Abnormal amniotic fluid (EOS) 1.67 1.25-2.23 0.007 RR [20]
Foul smelling 13.599 2.606-5.655 0.001 OR [22]

Comorbidities
IVH 2.68 1.20-5.99 0.017 MOR [44]
Respiratory complication (EOS) 42.48 25.53-70.67 < 0.0001 RR [20]
Respiratory complication (LOS) 16.36 3.39-78.91 < 0.0001 RR [20]

AOR: adjusted odds ratio; BW: birth weight; EOS: early-onset sepsis; GA: gestational age; HR: hazard ratio; IVH: intraventricular 
hemorrhage; LOS: late-onset sepsis; MOR: median odds ratio; MSAF: meconium-stained amniotic fluid; OR: odds ratio; RR: risk ratio.
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Table 3. Identified NICU risk factors for neonatal sepsis.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

NICU 
interventions

Use of CVC 1.70 1.21-2.41 HR [17]
Use of CVC (LOS) 3.44 2.39-4.93 RR [38]
Parenteral nutrition 4.04 2.61-6.25 HR [17]
Parenteral nutrition 6.07 1.14-32.32 0.034 MOR [44]
Mechanical ventilation 2.43 1.67-3.53 HR [17]
Mechanical ventilation (LOS) 2.71 1.56-4.69 < 0.0001 RR [20]
Mechanical ventilation 9.34 6.55-13.32 HR [29]
Assisted ventilation 4.36 3.05-6.23 RR [38]
O2 inspiration fraction > 60% (EOS) 3.21 1.95-5.28 < 0.0001 RR [20]
O2 inspiration fraction > 60% (LOS) 2.85 1.57-5.15 0.001 RR [20]
Continuous positive airway 
pressure 3.66 1.30-10.27 0.013 RR [20]

Invasive medical procedure 
required (EOS) 3,01 2.13-4.26 < 0.0001 RR [20]

Invasive medical procedure 
required (LOS) 12.5 6.37-24.56 < 0.0001 RR [20]

Surgery required (LOS) 28.97 6.99-120.01 < 0.0001 RR [20]
Surgery 2.03 1.12-3.70 RR [38]
Tocolytic drugs (EOS) 4.8 1.1-1.6 0.019 OR [36]
Long stay in hospital 3.73 (LOS) 1.75-7.99 (LOS) AOR [16]
Duration of stay > 2 weeks 16.6 5.08-54.31 < 0.001 OR [35]
Duration of stay 1-2 weeks (EOS) 5.28 1.62-17.10 0.006 OR [35]
Duration of stay > 2 weeks (EOS) 32.97 4.09-266.13 < 0.001 OR [35]
Duration of stay > 3 weeks 0.03 0.009-0.118 < 0.001 OR [13]
Higher number of infants < 32 
weeks in NICU 1.02 1.00-1.03 HR [29]

AOR: adjusted odds ratio; CVC: central venous catheter; EOS: early-onset sepsis; HR: hazard ratio; LOS: late-onset sepsis; MOR: 
median odds ratio;  NICU: Neonatal Intensive Care Unit; OR: odds ratio; PROM: premature rupture of membranes; RR: risk ratio.

Table 4. Identified risk factors for nosocomial neonatal sepsis.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

Maternal 
PROM 1.51 1.15-1.99 0.0033 HR [17]
Maternal infection 1.57 1.18-2.07 0.0017 HR [17]

Neonatal

BW < 1,000 g 8.82 4.80-16.21 OR [40]
BW 1,000-1,499 g 2.35 1.02-5.38 OR [40]
BW < 1,500 g 2.8 2.2-3.6 < 0.001 OR [41]
Male sex 1.86 1.04-3.35 OR [40]
Gastrointestinal disease 2.7 2.0-3.6 < 0.001 OR [41]
Renal insufficiency 1.9 1.1-3.3 0.018 OR [41]

NICU 

CVC (including umbilical) 1.70 1.21-2.41 0.0024 HR [17]
Use of CVC 2.27 1.28-4.02 OR [40]
Duration of CVC use 0.1182 < 0.001 [42]
Parenteral nutrition 4.04 2.61-6.26 0.0001 HR [17]
Parenteral nutrition 6.4 3.2-12.8 < 0.001 OR [41]
Mechanical ventilation 2.43 1.67-3.53 0.0001 HR [17]
Mechanical ventilation 0.79824 < 0.001 [42]
Mechanical ventilation 1.4 1.0-1.8 0.023 OR [41]
Duration of mechanical ventilation 0.1362 < 0.001 [42]
Abdominal surgery 1.5 1.0-2.3 0.054 OR [41]
Cardiac surgery 2.9 2.0-4.1 < 0.001 OR [41]
Other type of surgery 2.8 1.7-4.5 < 0.001 OR [41]
Longer stay at NICU 0.0054 0.004 [42]

BW: birth weight; CVC: central venous catheter; HR: hazard ratio; NICU: Neonatal Intensive Care Unit; OR: odds ratio; PROM: premature 
rupture of membranes.
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Maternal risk factors

Different maternal factors were examined in 
the different studies included in this review. First 
of all, the most frequently referred risk factor was 
premature rupture of membranes (PROM). It was 
examined in 11 studies: 8 of them found it was an 
independent risk factor with statistical significance, 
with a level of evidence 3B in five of them [13-20] 
(Tab. 1, Tab. 4, and Annex 1), while three other 
studies did not find a significant association [21-23]. 
The risk of infection is associated to a prolonged 
time of rupture, more specifically one study explored 
different times and concluded that PROM with more 
than 18 hours to hospital admission, more than 15 
hours during hospitalization and more than 48 hours 
to delivery were all associated to an increased risk 
of neonatal sepsis [15]. These time marks did not 
correspond when regarding EOS, whose time mark 
was over 24 hours [20]. 

Besides PROM, preterm premature rupture of 
membranes (PPROM) before 37 weeks was also 
identified as a risk factor by one study, as shown 
in Tab. 1, and just like term PROM the risk of 
infection was associated to a prolonged time of 

rupture, being that in this case more than 18 hours 
to hospital admission, more than 38 hours during 
hospitalization and more than 59 hours to delivery 
were associated to neonatal sepsis [15]. However, 
in the setting of PPROM before 34 weeks, another 
study concluded that prolonged latency was 
actually associated with decreased risk and the 
neonates delivered soon after PPROM were at 
highest risk [24]. 

Secondly, different maternal infections during 
gestation were research in 10 studies, as shown 
in Tab. 1 and Tab. 4. First of all, urinary tract 
infection (UTI) was identified as risk factor for 
neonatal sepsis by four studies, all with a level 
of evidence 3B [14, 22, 25, 26] and two of these 
also found sexually transmitted infections (STI) 
to be a significant risk factor [14, 22]. In terms of 
time of infection, some studies identified the third 
trimester as the most problematic [25], but others 
found no relation with the period of gestation [14, 
18, 22, 26]. Regarding EOS, maternal infection was 
also a risk factor, and the most frequent infections 
were UTIs (62.1%), vulvovaginitis (24.2%) and 
chorioamnionitis (4.2%) [18]. Histologically 
confirmed chorioamnionitis was also concluded 

Table 5. Identified risk factors for neonatal sepsis in very low birth weight neonates.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

Neonatal
GA 0.80 0.681-0.938 0.006 OR [37]
Gastrointestinal tract pathology 5.2 1.5-18.4 0.011 OR [43]

NICU

Catheter duration 10-21 days 32.4 3.2-323.2 0.003 OR [43]
Catheter duration > 21 days 80.6 6.9-944.6 < 0.001 OR [43]
Use of NC-CPAP 5.9 1.5-22.6 0.010 OR [43]
Duration of parenteral nutrition 1.22 1.122-1.332 < 0.0001 OR [37]

GA: gestational age; NC-CPAP: nasal cannula continuous positive airway pressure; NICU: Neonatal Intensive Care Unit; OR: odds ratio.

Table 6. Identified risk factors for catheter associated bloodstream infection.
Category Risk factor Effect size Confidence interval p-value Measurement Reference

Neonatal
BW < 1,000 g 5.13 2.1-12.5 < 0.0001 OR [39]
BW 100 g increase 0.97 0.96-0.99 0.006 ARR [47]
Postnatal age > 7 days 2.74 1.1-6.7 < 0.0001 OR [39]

NICU

Catheter care 2.96 1.13-7.79 0.03 RR [45]
Hub colonization 44.1 14.5-134.4 < 0.0001 OR [39]
Exit site colonization 14.4 4.8-42.6 < 0.0001 OR [39]
Hub and exit site colonization 0.06 0.01-0.5 < 0.0001 OR [39]
Total parenteral nutrition 1.04 1.0-1.08 < 0.0001 OR [39]
Concurrent PICCs 2.04 1.12-3.71 0.019 ARR [47]
PICC dwell time 8-13 days 2.02 1.21-3.38 0.007 RR [47]
PICC dwell time 14-22 days 3.27 2.04-5.24 < 0.001 RR [47]
PICC dwell time ≥ 23 days 2.71 1.71-4.27 < 0.001 RR [47]

ARR: adjusted risk ratio; BW: birth weight; NICU: Neonatal Intensive Care Unit; OR: odds ratio; PICC: peripherally inserted central catheter; 
RR: risk ratio.
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to be an important risk factor and this study also 
showed a significant association between neonatal 
infection and the presence of polymorphonuclear 
leukocytes (PMNL) on the chorioamniotic plate 
and on the amniotic membrane but not on the 
umbilical cord, level of evidence 2B [27]. Besides 
UTI, bacterial vaginosis was also studied, but it 
did not reach statistical significance [21] and this 
same study did not find significant bacteriuria. 

 Peripartum pyrexia’s results were inconclusive, 
being that it was researched by four studies and 
it was identified as a risk factor by two of them 
[14, 16], as shown in Tab. 1, while the other two 
studies did not find an association [18, 22]. 

In addition, factors such as parity, ethnicity 
(Hispanic and Black, non-Hispanic mothers) and 
vitamin D deficiency were less explored; however, 
they are possibly risk factors as an association was 
found in most of the articles that investigated them, 
as shown in Tab. 1, more specifically three when 
regarding parity [13, 22, 28], two when regarding 
ethnicity [24, 29] and two when regarding vitamin 
D deficiency [30-32]. In regards to these risk 
factors, only parity was not found as a significant 
risk factor in one study [14]. 

Socioeconomic factors such as maternal 
education, low social class and prenatal care were 
also less studied, but these results do not appear 
to be risk factors, as most studies did not find an 
association. More specifically, the two studies 
researching maternal education [13, 22], the three 
[13, 14, 22] of five [13, 14, 16, 22, 33] studies 
researching low socioeconomic class and the four 
[13, 14, 18, 22] of six [13, 14, 18, 21, 22, 34] 
studying prenatal care, did not find any association. 

Concerning variables such as birth route, place 
of residence and maternal age, the results were 
inconclusive because the number of studies that 
found an association and the ones that did not was 
the same. Namely, three [19, 23, 26] of the six 
studies that explored birth route [14, 18, 19, 22, 23, 
26]; one [33] of the two studies that investigated 
the place of residence [14, 33] and two [19, 22] 
of the four studies that researched maternal age 
[13, 18, 19, 22] found an association between 
these risk factors and neonatal sepsis, as shown in  
Tab. 1. 

Variables such as fever at home [21], previous 
gestation with neonatal infection [18], elective 
caesarean [35], bleeding disorder [13], prolonged 
labour [16], instrumental labour [26], poor cord 
care and poor feeding [33] were, all of them, found 
to be risk factors for neonatal sepsis (Tab. 1). 

It was found that home deliveries were 
associated with an increased risk of culture-
confirmed sepsis and delivery at health centres 
were at a higher risk when compared to hospital 
deliveries [14]. However, these results were 
contradicted by another study, whose results 
demonstrated that the neonates born at home by 
traditional birth attendants developed less sepsis 
when compared to those who were born at the 
health centre [26]. 

In one study, in HIV (human immunodeficiency 
virus) mothers a reduction of neonatal sepsis risk 
was observed, with an evidence level 3B [28], 
Tab. 1.

Neonatal risk factors

Several neonatal risk factors were identified, 
but the most prevalent were low birth weight and 
gestational age, namely prematurity. However, 
some studies did not reach statistical significance. 
In terms of prematurity, 12 out of 16 studies showed 
statistical significance, with an evidence level 3B 
in seven and 2C in four [15, 16, 19-23, 29, 31, 36-
38], Tab. 2 and Tab. 5. The other four studies did 
not reach a significant association. A more recent 
study found an increased risk for gestational ages 
between 37 and 42 weeks and over 42 weeks, with 
level of evidence 3B [13]. 

Infant age was also studied in three articles, 
and in two of them it was shown that the increased 
infant age was associated with an increased risk 
of sepsis, with an evidence level 3B [28]. The 
third one observed that a postnatal age over seven 
days was associated with catheter-associated 
bloodstream infection (CABSI) [39], Tab. 6.

Nine out of 15 studies showed that low birth 
weight was a risk factor for neonatal sepsis, with 
an evidence level 2B in five and 3B in three of 
them [16, 18, 21, 35, 37-41], Tables 1, 4 and 6. 
The other six articles did not conclude birth weight 
to be a risk factor [13, 14, 17, 20, 26, 42]. 

Risk factors such as low 1st and 5th minute Apgar 
score [13, 14, 21, 22, 35, 38], perinatal asphyxia 
[16, 20], not crying immediately after birth [14, 
22], need for resuscitation [13, 22] and meconium-
stained amniotic fluid (MSAF) [22, 23, 35] were 
studied, showing a significant association, with 
the exception of perinatal asphyxia and need for 
resuscitation [23, 35], Tab. 2. The evidence level 
was 3B for Apgar score in four out of six studies, 
3B for not crying after birth in both two studies, 
and 3B for MSAF in the three publications studied. 
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Other risk factors such as abnormal amniotic 
fluid [20] and neonatal comorbidities, namely 
gastrointestinal disease [41, 43] and respiratory 
complications [20], were identified as a risk factor 
for neonatal sepsis by a small number of studies, 
Tables 2, 4 and 5. Intraventricular haemorrhage 
(IVH) was identified, in another article, as an 
independent risk factor. However, this study could 
not clarify if it was a consequence of neonatal 
sepsis or, indeed, a preceding factor [44].

Three [18, 26, 35] out of five studies that 
investigated male sex [18, 22, 26, 34, 35], two [14, 
35] out of three studying foul smelling [14, 22, 
35] and both two studies that included congenital 
malformations [17, 23] did not find a statistically 
significant association.

NICU associated risk factors 

In terms of risk factors associated with neonatal 
care, the central venous catheter (CVC) was the 
most studied, namely the association between 
its use and neonatal sepsis and the association 
between the duration of its use and neonatal sepsis, 
as shown in Tables 3, 4 and 5. In regards to the 
first hypothesis, it was found to be a risk factor 
in three studies, with an evidence level 2B [17, 
38, 40], while another article did not manage to 
establish a significant association [44]. In regards 
to its duration, the association was statistically 
significant in both studies, and the risk became 
statistically significant after the first 10 days [42, 
43]. Besides its use and duration, other factors 
were identified as risk factors for CABSI, such as 
catheter care [45], hub colonization and exit site 
colonization [39], as shown in Tab. 6. 

Secondly, mechanical ventilation was also a 
variable present in many of the studies included 
in this review and only three out of 10 articles 
that included this variable in their research did not 
find an association [39, 40, 43]. The other seven 
found a significant association [17, 20, 29, 38, 41, 
42], with a level of evidence 2B in all of them, as 
shown in Tab. 3 and Tab. 4. 

Parenteral nutrition was also tested in five 
different studies and all revealed statistically 
significant results, with an evidence level 2B in 3 
and 3B in one [17, 39, 41, 44], as shown in Tables 
3, 4, 5 and 6. Interestingly, electrolyte disturbances, 
for example hypophosphatemia, hypokalemia and 
hypercalcemia, which can be a result of nutritional 
support, were also associated with an increase in 
the incidence of sepsis [46].

In a less significant way, surgery [20, 38, 
41], length of stay [13, 35] and use of tocolytic 
drugs [36] were also identified as risk factors, as 
shown in Tab. 3 and Tab. 4, being that all studies 
that included these factors found an association, 
with the exception of one [17] that did not find 
the length of stay at the facility a risk factor for 
neonatal sepsis. Peripherally inserted central 
catheters (PICC) studies were inconclusive: one 
found it was a risk factor [47], and another one did 
not [17], as shown in Tab. 6. The use of steroids 
[36, 44] and umbilical and urinary catheters were 
not identified as risk factors for neonatal sepsis, 
with level of evidence 3B.

Interestingly, one of the studies found that the 
occupancy was a higher risk when the NICU had 
a greater percentage of premature neonates (< 32 
weeks), with a level of evidence 2B [29], Tab. 3. 

Discussion

In regards to maternal related risk factors, 
PROM and maternal infection were the most 
prominent risk factors found in this review, 
being also the most accepted risk factors in the 
scientific community. Several articles look over 
the association between PROM or PPROM and 
neonatal sepsis, and most studies found a significant 
association, not only with its occurrence but also 
with the time of rupture, being the risk of infection 
higher for neonatal sepsis when the rupture time 
exceeds 18 hours [15] and over 24 h for EOS [20]. 
Additionally, PPROM can also be responsible for 
premature labour, and prematurity was also found 
to be a risk factor for neonatal sepsis [24]. 

Concerning maternal infection, different 
types such as UTIs, STIs, vulvovaginitis and 
chorioamnionitis were identified as risk factors. 
However, it is still not clear the importance of 
the time of the infection, since one of the articles 
identified the third trimester to be the most 
important to have an infection [25], while other 
articles found that the trimester of pregnancy was 
not a relevant risk factor for neonatal sepsis [14, 
18, 22, 26]. 

On the other hand, when looking at the 
association between neonatal sepsis and other 
risk factors, such as peripartum pyrexia, 
history of previous infant with neonatal sepsis, 
socioeconomic factors, prenatal care attendance, 
birth route, location of birth, parity and maternal 
demographic characteristics (age, race), the results 
were not as clear as the risk factors previously 
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mentioned. These inconsistent results can be 
explained by the inclusion of articles from both 
developing and developed countries, meaning that 
the population background included in each study 
differed from the others, showing considerable 
studies heterogeneity, making comparisons 
difficult. This different background can also justify 
the contrasting results regarding socioeconomic 
factors. Most studies that were able to reach a 
statistically significant association were studies 
from developing countries where issues such as lack 
of hygiene, overcrowded homes, homes without 
clean portable water for bathing the neonate and 
preparation of feeds, and non-access to vaccines or 
antenatal care clinics are more common.

Finally, maternal comorbidities were also 
explored, more specifically, HIV infection, 
bleeding disorder and vitamin D deficit. All the 
variables were associated with an increased risk 
of neonatal sepsis, with the exception of the HIV 
infection, which was concluded to be protective, 
which could be due to the prophylactic treatment 
that these neonates receive when having an HIV 
positive mother [28]. Regarding the vitamin D 
deficit, low levels of maternal vitamin D during 
pregnancy result in low levels of vitamin D 
deficit in the neonate. It seems that vitamin D 
has a relevant role in the immune system and its 
deficit may lead to a more susceptible neonate and 
therefore increase the risk of neonatal sepsis. This 
finding opens up the idea that maternal vitamin 
D supplementation during gestation may act as a 
preventive measure for neonatal sepsis, but further 
investigations are needed [30-32]. 

Besides the maternal factors, several neonatal 
risk factors were identified in this review. First of 
all, both prematurity and low birth weight were 
heavily researched and demonstrated similar 
positive results in most studies, as expected, since 
preterm infants usually have a lower birth weight. 
These results could be explained by the fact that 
premature infants usually have an immature 
immune system, which makes them more 
susceptible to acquired vertically or horizontally 
infections. Medical procedures or colonization of 
medical devices essential to assist these neonates 
such as parenteral nutrition, mechanical ventilation 
and CVC are well-known risk factors discussed 
latter on [2, 11]. 

Factors such as 1st and 5th min Apgar score < 
7, not crying at birth, need for resuscitation and 
MSAF were not as researched as birth weight 
and gestational age. However, they were found 

to be statistically significant risk factors, as well 
[14, 22]. In regards to perinatal asphyxia and 
need for resuscitation, one study could not find a 
statistically significant association. Risk factors 
associated with fetal distress such as MSAF and 
birth asphyxia are usually interconnected; namely, 
MSAF could have been a result of in utero asphyxia 
caused, for example, by PROM and amniotic fluid 
drainage, and these asphyxiated neonates are more 
likely to need to be resuscitated [35]. 

Another less researched risk factor was male 
sex, studied, in this review, only in five articles, 
and only in two of them a significant association 
was found [22, 34]. Interestingly, glucose-6-
phosphate dehydrogenase deficiency was found 
to be a risk factor for male neonatal sepsis in one 
publication [48].

Regarding neonatal comorbidities, several 
were included in the different articles, namely, 
gastrointestinal diseases, congenital malformations, 
respiratory complications and IVH. With the 
exception of congenital malformations [17, 23], 
all of these reached statistical significance. On that 
account, infants with comorbidities are at a higher 
risk for neonatal sepsis, which could be due either 
to the weakened general state of the newborn infant 
or to the comorbidities that may need medical 
support, such as parenteral nutrition or mechanical 
ventilation, which are also risk factors. 

At last, a large number of risk factors were 
associated with NICU procedures or devices. 
Firstly, CVC was largely associated with neonatal 
sepsis, not only due to its use but also due to its 
duration, being the risk higher after the first 10 
days of CVC and increasing with its duration [42, 
43]. The higher risk associated with a longer time 
duration reinforces the need for physicians to assess 
its use daily. Besides its use and duration, other 
factors for CABSI were identified as risk factors, 
as well, such as catheter care, hub colonization and 
exit site colonization. 

In addition to CVC, PICC were also investigated, 
but its results were inconclusive. In terms of other 
devices, both urinary catheter and umbilical catheter 
(arterial and venous) were tested by one study, 
but were not found to be significant risk factors, 
which means that the incidence of catheter-related 
infection is also dependent on its location [40]. 

Besides CVC, mechanical ventilation and 
parenteral nutrition were also identified as risk 
factors, and in similarity to CVC, not only was its 
use a risk factor, but also its duration. In terms of 
mechanical ventilation, one of the reasons it can 
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cause neonatal sepsis is due to the nasal trauma, 
which is usually colonized by Gram-positive 
microbes, or because these infants have more 
frequently suctioning, which allows the introduction 
of bacteria from the patients’ environment. Another 
possible explanation is that infants receiving 
mechanical ventilation can develop gastrointesti-
nal distension, which can be responsible for 
Gram-negative bacilli translocation across the 
gastrointestinal epi thelium [43]. Parenteral nutrition 
besides the possibility of causing mechanical 
trauma can also cause electrolyte disturbances, 
for example hypophosphatemia, hypokalemia and 
hypercalcemia, which were associated with an 
increase in the incidence of sepsis [46].

In terms of treatments, both the use of 
medication and surgery were identified as risk 
factors for neonatal sepsis. More specifically, 
the use of tocolytic drugs was found to be an 
independent risk factor for EOS, which could be 
explained by the fact that these drugs are usually 
used to delay a delivery which can be dangerous 
if, for example, the mother has subclinical chorio-
amnionitis [36]. 

In regard to the length of stay, it was concluded 
that longer stays were associated to a higher risk 
for neonatal nosocomial sepsis, which is explained 
by the fact that neonates with longer stays are 
preterms with immature immune system or term 
infants with major pathologies, both being exposed 
to all risk factors in NICU. Additionally, infants 
that usually have a need for longer hospitalization 
may have other comorbidities, which are also risk 
factors for sepsis [35].

The occupancy was another evaluated variable, 
and it was found to be a higher risk of neonatal 
sepsis when the NICU had a greater percentage of 
premature neonates (< 32 weeks). However, the 
authors considered this occupancy as a proxy for 
the real risk factor, which could be the increased 
number of visitors, alteration of the clinical care 
practices due to time constraints or change of 
preventive measures, such as hand washing and 
gloving [29]. 

Limitations

For this systematic review, only the database 
Pubmed was used, which means that some articles 
could have been missed. Moreover, some articles 
were excluded due to no access to the full text. 

In regards to the studies included in this review, 
most had similar limitations in their study design. 

Firstly, most studies were observational, which 
limits their ability to draw causal interferences. 
Secondly, several studies are retrospective, which 
means some important information can be lacking 
from the medical reports and clinical charts, and 
different physicians provided the diagnoses. 
Thirdly, most were single-centre studies with small 
sample sizes, which may lack generalizability and 
may not have enough statistical power to identify 
some risk factors. 

Conclusion

From this systematic review, it was possible to 
conclude that maternal risk factors, such as PROM 
and maternal infection, were the primordial risk 
factors for neonatal sepsis. Other risk factors, such as 
peripartum pyrexia, history of previous infant with 
neonatal sepsis, socioeconomic factors, prenatal 
care attendance, birth route, location of birth, 
parity and maternal demographic characteristics 
(age, race), were inconsistent and therefore would 
need more investigation. In terms of neonatal risk 
factors, prematurity and low birth weight were 
the most important ones, having several studies 
corroborating this statement. However, other risk 
factors were identified, such as low Apgar score, 
MSAF, birth asphyxia, not crying immediately 
after birth and need for resuscitation. Even though 
these were not as popular as the previous ones 
mentioned, most articles concluded they are 
risk factors, as well. Finally, in terms of NICU 
interventions, the CVC, mechanical ventilation 
and parenteral nutrition were the most isolated 
risk factors (both their use and duration), which 
strengthens the need for physicians to daily assess 
the need for these invasive procedures, while 
taking into consideration its benefits and risks. 
Finally, it is important to remember that neonates 
that require surgery or have other comorbidities 
are at a higher risk for neonatal sepsis and should 
receive close attention. 

However, some variable results were 
inconsistent, which can be due to the lack of 
power of some study designs or might be due to 
confounding factors. Therefore, further multicentre 
studies to evaluate these risk factors are needed in 
order to understand their association with neonatal 
sepsis, to implement preventive measures.

Declaration of interest

The Authors have no conflicts of interest or financial ties to disclose.



12/15 Araújo • Guimarães

Journal of Pediatric and Neonatal Individualized Medicine • vol. 9 • n. 2 • 2020www.jpnim.com Open Access

References

1. Batton B. Etiology, clinical manifestations, evaluation, and 

management of neonatal shock. Available at: https://www.uptodate.

com, last access: September 2018.

2. Almeida CC, Pissarra da Silva SMS, Flor de Lima Caldas de Oliveira 

FSD, Guimarães Pereira Areias MHF. Nosocomial sepsis: evalua tion 

of the efficacy of preventive measures in a level-III neonatal intensive 

care unit. J Matern Fetal Neonatal Med. 2017;30(17):2036-41.

3. Shah BA, Padbury JF. Neonatal sepsis: An old problem with new 

insights. Virulence. 2014;5(1):170-8.

4. http://www.who.int/gho/child_health/mortality/causes/en/, last ac-

cess: September 2018.

5. Barreirinho MS, Guedes A, Soares P, Braga AC, Braga AC, Oliveira 

P. [Neonatal Sepsis]. [Article in Portuguese]. Acta Pediatr Port. 

2000;31(5):371-6.

6. Cailes B, Kortsalioudaki C, Buttery J, Pattnayak S, Greenough 

A, Matthes, Bedford Russell A, Kennea N, Heath PT; neonIN 

network. Epidemiology of UK neonatal infections: the neonIN 

infection surveillance network. Arch Dis Child Fetal Neonatal Ed. 

2018;103(6):F547-553.

7. Isaacs D. Evidence-based Neonatal Infections. Oxford: Wiley-

Blackwell, 2014.

8. Xiao, T, Chen LP, Liu H, Xie S, Luo Y, Wu DC. The Analysis of 

Etiology and Risk Factors for 192 Cases of Neonatal Sepsis. BioMed 

Res Int. 2017;2017:8617076.

9. Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD. Early-

Onset Neonatal Sepsis. Clin Microbiol Rev. 2014;27(1):21-47.

10. Resende C, Oliveira G. [Neonatal Sepsis in Very Low Birth 

Weight Preterms and/or with Gestational Age <32 weeks and 

Neurodevelopment at 24 Months of Age]. [Article in Portuguese]. 

Acta Pediatr Port. 2015;46(3):181-9.

11. Maia C, Paúl A, Mesquita J, Silva IS, Negrão F, Faria D. [Neonatal 

sepsis – a retrospective analysis 2004 to 2006 of Bissaya Barreto 

Maternity]. [Article in Portuguese]. Saúde Infantil. 2010;32(1):26-32.

12. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting 

items for systematic reviews and meta-analyses: the PRISMA 

statement. BMJ. 2009;339:b2535.

13. Adatara P, Afaya A, Salia SM, Afaya RA, Konlan KD, Agyabeng-

Fandoh E, Agbinku E, Ayandayo EA, Boahene IG. Risk Factors 

Associated with Neonatal Sepsis: A Case Study at a Specialist 

Hospital in Ghana. Sci World J. 2019;2019:9369051.

14. Gebremedhin D, Berhe H, Gebrekirstos K. Risk Factors for 

Neonatal Sepsis in Public Hospitals of Mekelle City, North Ethiopia, 

2015: Unmatched Case Control Study. PloS One. 2016;11(5): 

e0154798.

15. Ocviyanti D, Wahono WT. Risk Factors for Neonatal Sepsis in 

Pregnant Women with Premature Rupture of the Membrane. J 

Pregnancy. 2018;2018:4823404.

16. Ogunlesi TA, Ogunfowora OB, Osinupebi O, Olanrewaju DM. 

Changing trends in newborn sepsis in Sagamu, Nigeria: bacterial 

aetiology, risk factors and antibiotic susceptibility. J Paediatr Child 

Health. 2011;47(1-2):5-11.

17. Kawagoe JY, Segre CA, Pereira CR, Cardoso MF, Silva CV, 

Fukushima JT. Risk factors for nosocomial infections in critically ill 

newborns: a 5-year prospective cohort study. Am J Infect Control. 

2001;29(2):109-14.

18. Goulart AP, Valle CF, Dal-Pizzol F, Cancelier ACL. Fatores de risco 

para o desenvolvimento de sepse neonatal precoce em hospital da 

rede pública do Brasil. Rev Bras Ter Intensiva. 2006;18:148-53.

19. Jiang Z, Ye GY. 1:4 matched case-control study on influential 

factor of early onset neonatal sepsis. Eur Rev Med Pharmacol Sci. 

2013;17(18):2460-6.

20. Leal YA, Alvarez-Nemegyei J, Velazquez JR, Rosado-Quiab U, 

Diego-Rodriguez N, Paz-Baeza E, Davila-Velazquez J. Risk factors 

and prognosis for neonatal sepsis in southeastern Mexico: analysis 

of a four-year historic cohort follow-up. BMC Pregnancy Childbirth. 

2012;12:48.

21. Pinheiro RdS, Ferreira LCdL, Brum IR, Guilherme JP, Monte RL. 

Estudo dos fatores de risco maternos associados à sepse neonatal 

precoce em hospital terciário da Amazônia brasileira. Rev Bras 

Ginecol Obstet. 2007;29:387-95.

22. Kpikpitse, Semuatu S, Siakwa M. Neonatal Sepsis in Rural Ghana: A 

Case Control Study of Risk Factors in a Birth Cohort. Int J Med Res 

Health Sci. 2014;4(5):2307-83.

23. Utomo MT. Risk Factors of Neonatal Sepsis: A Preliminary Study in 

Dr. Soetomo Hospital. Indonesian J Trop Infect Dis. 2010;1(1):23-6.

24. Drassinower D, Friedman AM, Obican SG, Levin H, Gyamfi-

Bannerman C. Prolonged latency of preterm premature rupture 

of membranes and risk of neonatal sepsis. Am J Obstet Gynecol. 

2016;214(6):743.e741-6.

25. Emamghorashi F, Mahmoodi N, Tagarod Z, Heydari ST. Maternal 

urinary tract infection as a risk factor for neonatal urinary tract 

infection. Iran J Kidney Dis. 2012;6(3):178-80.

26. Woldu MA, Guta MB, Lenjisa JL, Tegegne GT, Tesafye G, Dinsa 

H. Assessment of the incidence of neonatal sepsis, its risk factors, 

antimicrobials use and clinical outcomes in Bishoftu General 

Hospital, neonatal intensive care unit, Debrezeit-Ethiopia. Pediat 

Therapeut. 2014;4:4.

27. Korbage de Araujo MC, Schultz R, do Rosario Dias de Oliveira L, 

Ramos JL, Vaz FA. A risk factor for early-onset infection in premature 

newborns: invasion of chorioamniotic tissues by leukocytes. Early 

Hum Dev. 1999;56(1):1-15.

28. Kabwe M, Tembo J, Chilukutu L, Chilufya M, Ngulube F, Lukwesa 

C, Kapasa M, Enne V, Wexner H, Mwananyanda L, Hamer D, 

Sinyangwe S, Ahmed Y, Klein N, Maeurer M, Zumla A, Bates 

M. Etiology, Antibiotic Resistance and Risk Factors for Neonatal 

Sepsis in a Large Referral Center in Zambia. Pediatr Infect Dis J. 

2016;35(7):e191-98.

29. Goldstein ND, Eppes SC, Ingraham BC, Paul DA. Characteristics 

of late-onset sepsis in the NICU: does occupancy impact risk of 

infection? J Perinatol. 2016;36(9):753-7.

30. Cetinkaya M, Cekmez F, Buyukkale G, Erener-Ercan T, Demir 

F, Tunc T, Aydin FN, Aydemir G. Lower vitamin D levels are 

associated with increased risk of early-onset neonatal sepsis in term 

infants. J Perinatol. 2015;35(1):39-45.

https://www.uptodate.com
https://www.uptodate.com
http://www.who.int/gho/child_health/mortality/causes/en/


13/15

Journal of Pediatric and Neonatal Individualized Medicine • vol. 9 • n. 2 • 2020 www.jpnim.com Open Access

Risk factors for neonatal sepsis: an overview

31. Cizmeci MN, Kanburoglu MK, Akelma AZ, Ayyildiz, A. Kutukoglu 

I, Malli DD, Tatli MM. Cord-blood 25-hydroxyvitamin D levels and 

risk of early-onset neonatal sepsis: a case-control study from a tertiary 

care center in Turkey. Eur J Pediatr. 2015;174(6):809-15.

32. Tayel SI, Soliman SE, Elsayed HM. Vitamin D deficiency and 

vitamin D receptor variants in mothers and their neonates are risk 

factors for neonatal sepsis. Steroids. 2018;134:37-42.

33. Onyedibe K, Onyedibe K, Utoh-Nedosa A, Mark O, Onyedibe 

K, Ita O, Udoh U, Nedosa I, Bode-Thomas F, Egah D. Impact of 

Socioeconomic Factors on Neonatal Sepsis in Jos, Nigeria. Jos J 

Med. 2012;6(2):54-8.

34. Mugalu J, Nakakeeto MK, Kiguli S, Kaddu-Mulindwa DH. 

Aetiology, risk factors and immediate outcome of bacteriologically 

confirmed neonatal septicaemia in Mulago hospital, Uganda. Afr 

Health Sci. 2006;6(2):120-6.

35. Adatara P, Afaya A, Salia SM, Afaya RA, Kuug AK, Agbinku 

E, Agyabeng-Fandoh E. Risk Factors for Neonatal Sepsis: A 

Retrospective Case-Control Study among Neonates Who Were 

Delivered by Caesarean Section at the Trauma and Specialist 

Hospital, Winneba, Ghana. BioMed Res Int. 2018;2018:7.

36. Pereira H, Grilo E, Cardoso P, Noronha N, Resende C. [Risk 

Factors for Healthcare Associated Sepsis in Very Low Birth 

Weight Infants]. [Article in Portuguese]. Acta Med Port. 

2016;29(4):261-7.

37. Softic I, Tahirovic H, Di Ciommo V, Auriti C. Bacterial sepsis in 

neonates: Single centre study in a Neonatal intensive care unit in 

Bosnia and Herzegovina. Acta Med Acad. 2017;46(1):7-15.

38. Salem SY, Sheiner E, Zmora E, Vardi H, Shoham-Vardi I, Mazor 

M. Risk factors for early neonatal sepsis. Arch Gynecol Obstet. 

2006;274(4):198-202.

39. Mahieu LM, De Muynck AO, Ieven MM, De Dooy JJ, Goossens 

HJ, Van Reempts PJ. Risk factors for central vascular catheter-

associated bloodstream infections among patients in a neonatal 

intensive care unit. J Hosp Infect. 2001;48(2):108-16.

40.  Babazono A, Kitajima H, Nishimaki S, Nakamura T, Shiga S, 

Hayakawa M, Tanaka T, Sato K, Nakayama H, Ibara S, Une 

H, Doi H. Risk factors for nosocomial infection in the neo-

natal intensive care unit by the Japanese Nosocomial Infec tion 

Surveillance (JANIS). Acta Med Okayama. 2008;62(4):261-8.

41. Verstraete EH, De Coen K, Vogelaers D, Blot S. Risk Factors 

for Health Care-Associated Sepsis in Critically Ill Neonates 

Stratified by Birth Weight. Pediatr Infect Dis J. 2015;34(11): 

1180-6.

42. Couto RC, Pedrosa TM, Tofani Cde P, Pedroso ER. Risk factors 

for nosocomial infection in a neonatal intensive care unit. Infect 

Control Hosp Epidemiol. 2006;27(6):571-5.

43. Graham PL 3rd, Begg MD, Larson E, Della-Latta P, Allen A, 

Saiman L. Risk factors for late onset gram-negative sepsis in low 

birth weight infants hospitalized in the neonatal intensive care 

unit. Pediat Infect Dis J. 2006;25(2):113-7.

44. Kung YH, Hsieh YF, Weng YH, Lien RI, Luo J, Wang Y, Huang 

YC, Chen CL, Chen CJ. Risk factors of late-onset neonatal sepsis 

in Taiwan: A matched case-control study. J Microbiol Immunol 

Infect. 2016;49(3):430-5.

45. Maas A, Flament P, Pardou A, Deplano A, Dramaix M, Struelens 

MJ. Central venous catheter-related bacteraemia in critically ill 

neonates: risk factors and impact of a prevention programme. J 

Hosp Infect. 1998;40(3):211-24.

46. Moltu SJ, Strommen K, Blakstad EW, Almaas AN, Westerberg 

AC, Braekke K, Ronnestad A, Nakstad B, Berg JP, Veierod MB, 

Haaland K, Iversen PO, Drevon CA. Enhanced feeding in very-

low-birth-weight infants may cause electrolyte disturbances and 

septicemia – a randomized, controlled trial. Clin Nutr. 2013;32(2): 

207-12.

47. Milstone AM, Reich NG, Advani S, Yuan G, Bryant K, Coffin 

SE, Huskins WC, Livingston R, Saiman L, Smith PB, Song X. 

Catheter dwell time and CLABSIs in neonates with PICCs: a 

multicenter cohort study. Pediatrics. 2013;132(6):e1609-15.

48. Rostami-Far Z, Ghadiri K, Rostami-Far M, Shaveisi-Zadeh F, 

Amiri A, Rahimian Zarif B. Glucose-6-phosphate dehydrogenase 

deficiency (G6PD) as a risk factor of male neonatal sepsis. J Med 

Life. 2016;9(1):34-8.

49. Boia M, Ilie C, Ioanăş L, Manea A, Iacob D, Cioboata D. Neonatal 

Septicemia – Retrospective Study on Premature Newborn. J 

Romanian Society Pediatr Surg. 2010;13(49-50):27-30. 

50. Giannoni E, Agyeman PKA, Stocker M, Posfay-Barbe KM, 

Heininger U, Spycher BD, Bernhard-Stirnemann S, Niederer-

Loher A, Kahlert CR, Donas A, Leone A, Hasters P, Relly C, 

Riedel T, Kuehni C, Aebi C, Berger C, Schlapbach LJ. Neonatal 

Sepsis of Early Onset, and Hospital-Acquired and Community-

Acquired Late Onset: A Prospective Population-Based Cohort 

Study. J Pediatr. 2018;201:106-14.e104.



14/15 Araújo • Guimarães

Journal of Pediatric and Neonatal Individualized Medicine • vol. 9 • n. 2 • 2020www.jpnim.com Open Access

Annex 1. Characteristics of the studies included in this review and identified risk factor (continues on the next page).

Study design Level of 
evidence Year Country Population Risk factors Reference

Prospective 
study 2B 1999 Brazil 224 neonates Chorioamnionitis on choriamniotic plate and on 

amniotic membrane [27]

Prospective 
cohort study 2B 2001 Brazil 1,544 neonates PROM; maternal disease (mostly infection); 

MV; CVC use; TPN [17]

Prospective 
cohort study 2B 2001 Belgium 862 neonates Extreme low weight (< 1,000 g) at the time of 

catheter insertion [39]

Prospective 
open cohort 
study

2B 2006 Brazil 1,051 neonates Longer duration of CVC use; use of MV; longer 
duration of MV; longer duration of NICU stay [42]

Prospective 
case-control 
study

3B 2006 Brazil
200 neonates 
(50 cases, 150 

controls)

LBW; maternal infection; history of previous son 
with sepsis; PROM [18]

Case-control 
study 3B 2006 USA

217 neonates 
< 1,500 g (48 
cases, 169 
controls)

CVC duration,  
NC-CPAP use, GI tract pathology [43]

Prospective 
cohort study 2B 2006 Uganda 293 neonates Male sex; lack of antenatal care [34]

Retrospective 
case-control 
study

3B 2006 Germany

786 VLBW 
neonates (50 
cases, 736 
controls)

Tocolytic drugs, low GA [36]

Prospective 
longitudinal 
cohort study 

2B 2007 Brazil 302 mothers and 
their neonates

Lack of prenatal care; fever at home; 
prematurity; LBW; 5th min Apgar score < 7 [21]

Retrospective 
cohort study 2B 2008 Japan 871 neonates Male sex; BW < 1,500; use of CVC [40]

Retrospective 
cohort study 2B 2010 Romania 34 neonates GA < 32 weeks; BW  

< 1,500 g; long hospital stay [49]

Case-control 
study 3B 2010 Indonesia

97 neonates 
(31 cases, 66 

controls)
LBW; premature delivery; MSAF; CS [23]

Retrospective 
(2006-2007), 
prospective 
(2008) study

2C 2011 Nigeria 1,050 neonates

PROM, maternal peri-partum pyrexia, 
prolonged labour and birth asphyxia were RFs 

for EOS. Long stay in hospital was a RF for 
LOS. LBW; lower social classes; EGA < 32 

weeks were RFs for both EOS and LOS

[16]

Case-control 
study 3B 2012 Iran 114 neonates Maternal UTI during 3rd trimester [25]

Prospective 
cohort study 2B 2012 Mexico 11,790 neonates

Prematurity; abnormal amniotic liquid; 
PROM; abnormal placenta were RFs for 

EOS. Perinatal asphyxia, MV and continuous 
positive pressure were RFs for LOS. Invasive 
medical procedures, O2 IF ≥ 60 %, respiratory 

complication and surgical procedures were RFs 
for both EOS and LOS

[20]

Prospective 
cross-
sectional 
study

3B 2012 Nigeria 218 neonates Socio-economic factors (place of domicile, poor 
feeding, poor cord care) [33]

Case-control
study 3B 2013 China

735 neonates 
(147 cases, 588 

controls)
Maternal age; PROM; CS; GA [19]

Retrospective 
cohort study 2B 2013 USA 3,967 neonates PICC [47]

Prospective 
case-control 
study

3B 2014 Ghana
196 neonates 
(96 cases, 100 

controls)

Maternal age (31-40 years), history of foul 
smelling liquor, MSAF, parity; history of 

maternal UTI/STI; male sex, Apgar score at 1st 
min > 7; GA < 37 weeks; resuscitation at birth 

and not crying immediately at birth

[22]
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Study design Level of 
evidence Year Country Population Risk factors Reference

Prospective 
study 3B 2015 Turkey 100 term 

neonates Lower maternal and neonatal 25(OH)D levels [30]

Case-control 
study 3B 2015 Turkey

83 neonates 
(40 cases, 43 

controls)

Low cord blood 25(OH)D < 30 ng/mL; 
prematurity [31]

Prospective 
cohort study 2B 2015 Belgium 5,134 neonates > 

72 hours of life

RFs for the total cohort: TPN; BW ≤ 1,500 g; 
MV; GI disease; surgery (abdominal, cardiac 

and other type); renal insufficiency. RFs BW ≤ 
1,500 g cohort: MV, GI disease, cardiac surgery 

and other type of surgery. RFs BW > 1,500 g 
cohort: TPN, GI disease and cardiac surgery

[41]

Randomized 
controlled 
trial

1B 2016 USA 1,596 patients 
with PPROM

Prolonged latency in the setting of PROM was 
associated with decreased risk for neonatal 

sepsis, and that infants that are delivered soon 
after PPROM are at highest risk

[24]

Case-control 
study 3B 2016 Ethiopia

234 neonates 
(78 cases, 156 

controls) 

History of maternal UTI/STI; place of delivery; 
PROM; intrapartum fever; low Apgar score at 5th 

minute; not crying immediately at birth
[14]

Retrospective 
cohort study 2B 2016 USA 18,810 neonates Shorter gestations; non-Hispanic Black and 

Hispanic mothers [29]

Cross-
sectional 
observational 
study

3B 2016 Zambia 313 neonates

Increased parity and increasing neonatal age 
were risk factors. HIV infection, nasal flaring 
and pallor were associated to reduce odds of 

neonatal sepsis

[28]

Retrospective 
case-control 
study

3B 2016 Taiwan
328 neonates 

(164 cases, 164 
controls)

TPN; IVH [44]

Retrospective 
observational 
study

3B 2016 Portugal 461 VLBW 
neonates GA and duration of TPN [37]

Prospective 
observational 
study

2B 2017 Bosnia and 
Herzegovina 200 neonates Extreme prematurity (GA < 28 weeks); 5-minute 

Apgar score ≤ 3 [38]

Prospective 
cross-
sectional 
study

3B 2017 Ethiopia 306 neonates
Place of delivery (hospital, clinical, health 

centre), mode of delivery (CS, instrumental 
labour), maternal UTI

[26]

Case-control 
study 3B 2018 Ghana

383 neonates 
born via CS 

(67 cases, 316 
controls)

BW; neonatal age; meconium passed; reason 
for CS; duration of stay [35]

Prospective 
population-
based cohort 
study

2B 2018 Switzerland 429 neonates
RFs for death: EOS, MV, septic shock. Fatality 

ratio decreased with increasing GA for each 
additional week and increasing BW

[50]

Cross-
sectional 
study

3B 2018 Indonesia 405 mothers with 
PROM

Prolonged PROM before hospital admission, 
during hospitalization and until birth [15]

Retrospective 
case-control 
study

3B 2019 Ghana
900 neonates 

(103 cases, 797 
controls)

Apgar scores at the 1st and 5th minutes; 
resuscitation at birth; PROM; maternal parity [13]

BW: birth weight; CS: caesarean section; CVC: central venous catheter; EOS: early-onset sepsis; GA: gestational age; GI: gastrointestinal; 
LBW: low birth weight; LOS: late-onset sepsis; MSAF: meconium-stained amniotic fluid; MV: mechanical ventilation; NICU: Neonatal 
Intensive Care Unit; PICC: peripherally inserted central catheter; PPROM: preterm premature rupture of membranes; PROM: premature 
rupture of membranes; RF: risk factor; STI: sexually transmitted infection; TPN: total parenteral nutrition; UTI: urinary tract infection; 
VLBW: very low birth weight.

Annex 1. Characteristics of the studies included in this review and identified risk factor (continues from the previous page).
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