
Infections in the Neonatal Intensive 
Care Unit –  

Novel Approaches to Prevention, 
Diagnosis and Treatment 
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The high amount of antibiotic use, in 
combination with the low grade of colonisation 
of neonates at the time of their admissions, 
turns the NICU into an environment where 
antibiotic policy is likely to have a pronounced 
effect on the resistance problem. 
 
              DeMan, Lancet 2000 
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Table 1

Get Smart For Health Care Campaign with examples for the NICU

Get Smart Principles Examples

Accurately identify patients who need antibiotic
therapy

Obtain two blood cultures for evaluation of late onset sepsis prior to starting
antibiotics

Utilize local and regional antibiograms Avoid use of meropenem for empiric treatment of suspected late onset sepsis if rates
of multi-drug resistant gram-negative bacilli are low.

Avoid therapy with overlapping activity Avoid simultaneous use of metronidazole and meropenem to treat necrotizing
enterocolitis.

Give the right dose and interval of drug Target vancomycin trough to 15–20 mg/L to treat pneumonia caused by MRSA.

Review culture results and adjust antibiotics Review microbiology results at transitions of care (e.g. sign out, weekend cross-
coverage) and narrow antibiotic coverage promptly.

Monitor for toxicity and adjust therapy accordingly Adjust antibiotic dose for patients with deteriorating renal function.

Stop therapy promptly if indicated by culture results Discontinue antibiotics after 48 hours if blood cultures are negative and ongoing
infection is not suspected.
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Abstract

The judicious use of antibiotics is an important means to limit the emergence of antibiotic resistant

organisms. While specific guidelines for neonates are often lacking, antibiotic stewardship

principles can be applied to the neonatal intensive care unit. Principles include accurately

identifying patients who need antibiotic therapy, using local epidemiology to guide the selection

of empiric therapy, avoiding agents with overlapping activity, adjusting antibiotics when cultures

results become available, monitoring for toxicity, and optimizing the dose, route, and duration of

therapy. Neonatal intensive care units should develop interdisciplinary antimicrobial stewardship

teams with the support of their institutions. Prescriber audit and feedback as well as

preauthorization and formulary restriction of selected antibiotics are recommended antimicrobial

stewardship interventions. Ancillary strategies include education and computerized decision

support. Metrics to evaluate antimicrobial stewardship programs should include measurements of

patient safety and quality, such as rates of adverse drug events, and appropriate dosing and timing

of perioperative prophylaxis.

Antibiotic Use and the Burden of Antibiotic Resistance

The emergence of antibiotic resistant organisms (AROs) has been linked to the inappropriate

use and overuse of antibiotics.1,2 Infants hospitalized in neonatal intensive care units

(NICUs) are commonly prescribed antibiotics. As evidence, in a point prevalence study of

29 NICUs, 47% of 827 infants were receiving at least one antibiotic on the day of the

survey.3

Broad spectrum antibiotic exposure has been associated with the emergence of multi-drug

resistant gram-negative bacilli and development of invasive candidiasis. 4,5 Prolonged

duration of empiric antibiotic therapy for early onset sepsis in extremely low birth weight

infants has been associated with increased risk of death and necrotizing enterocolitis

(NEC).6,7 In addition, antibiotics can cause adverse events such as nephrotoxicity,
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Table 3

Examples of antimicrobial stewardship strategies

Strategy Examples

Prescriber audit and feedback Review of microbiology results and patient record by antimicrobial stewardship team within 48 –
72 hours of initial approval of vancomycin with recommendation to continue, change or
discontinue antibiotics

Formulary restriction and prior
authorization

Require prior authorization from the antimicrobial stewardship team prior to the use of
meropenem

Education Provide lecture series about stewardship principles and antibiotic options for the treatment of
gram-negative pathogens.

Guidelines and clinical pathways Develop consensus guidelines for the duration of treatment of presumed ‘culture-negative’ sepsis

Antimicrobial order forms Use automatic stop orders to provide the correct duration of perioperative prophylaxis

Dose Optimization Target vancomycin trough levels between 15–20 mg/L for treatment of persistent MRSA
bacteremia.

Computer surveillance and decision
support

Automated alerts for redundant antibiotic combinations

Semin Perinatol . Author manuscript; available in PMC 2013 December 01.



Recommendations to prevent nosocomial 
infections in NICUs 



Fluconazole to prevent fungal 
infections in NICUs 














Cetinkaya et al. Efficacy of prophylactic fluconazole in decreasing Candida infections in ELBWI . Am J Perinatol 2014 

Cleminson et al. Prophylactric systemic antifungal agents to prevent mortality and morbidity in VLBWI. Cochrane Syst Rev 2015 



Lactoferrin  















Pammi and Abrams. Cochrane Database Syst Rev. 2017  

Enteral lactoferrin supplementation for prevention of 
sepsis and necrotizing enterocolitis in preterm infants 
 

•

•

•



He et al. 2018  

Prophylactic lactoferrin for preventing late-onset 
sepsis and necrotizing enterocolitis in preterm 
infants. A PRISMA-compliant systematic review and meta-analysis 

 



He et al. 2018  

Prophylactic lactoferrin 
for preventing late-onset 
sepsis and necrotizing 
enterocolitis in preterm 
infants. A PRISMA-compliant 
systematic review and meta-analysis 

 

⇒ Lactoferrin supplementation in preterm 

neonates is safe without adverse effects 
 

⇒ Prophylactic supplementation of 

lactoferrin could significantly reduce the 

incidence of NEC and LOS in preterm 

neonates 
 

⇒ Trend of decreased infection-related 

mortality 
 

⇒ Trend of reduction of time to full 

enteral feeding and duration of 

hospitalization 



AlFaleh and Anabress. Cochrane Database Syst Rev. 2014  

Probiotics for prevention of necrotizing enterocolitis in 
preterm infants 
 

•

•

•

•

http://www.ncbi.nlm.nih.gov/pubmed/?term=Anabrees J[Author]&cauthor=true&cauthor_uid=24723255


Case 1 





Case 1 



Case 1 

Subsequent course 
 

 Day 2 in the evening: Phone-call from Microbiology Department 

– growth of Gram-negative rods in blood culture of day 1 of life 

 
 

 

Any change in antibiotics? 
 



Case 1 



Case 1 

Subsequent course 
 

 

 Change of antibiotics to piperacillin/gentamicin  
 

 Laboratory Day 3: 

 CRP 17mg/dl, I:T ratio 0.3, IL-8 120pg/ml, thrombocytes 

 20.000/µl, leukocytes 7000/µl 

 Laboratory Day 4: 

 CRP 7mg/dl, I:T ratio 0.2, IL-8 70pg/ml, thrombocytes 

 72.000/µl (after transfusion), leukocytes 7.000/µl 
 

 Day 8.: Extubation – Infantflow, FiO2 0.3 

 



Case 1 

Most likely final diagnosis? 

 

 A:  Congenital sepsis with GBS 
 

 B:  Congenital sepsis with ESBL Klebsiella spp. 
 

 C:  Congenital sepsis with ampicillin-resistent E.coli 
 

 D:  No idea – thank´s heaven the baby is better now 



Case 1 

Most likely final diagnosis? 

 

 A:  Congenital sepsis with GBS 
 

 B:  Congenital sepsis with ESBL Klebsiella spp. 
 

 C:  Congenital sepsis with ampicillin-resistent E.coli 
 

 D:  No idea – thank´s heaven the baby is better now 



Case 1 

• E. coli most common 

pathogen in EOS in 

VLBWI 
 

• Increased incidence of 

ampicillin-resistant    

E. coli reported in 

preterm infants, 

particularly VLBWI 

Stoll et al., Early onset neonatal sepsis: the burdon of GBS and E. coli disease continues. Pediatrics 2011 



Case 1 

Subsequent course 
 

 Day 4: IVH II in cranial US 
 

 Day 5: IVH IV left side cranial US 
 

 Subsequent clinical course uncomplicated except for 
posthemorrhagic ventricular dilation – external ventricular 
drainage – VP-shunt 
 

 Outcome: right-sided spastic hemiplegia and moderate mental 
retardation at age 2  
 

 IVH – frequent complication of congenital sepsis in 
extremely premature infants 



Case 1 



 













Neonatal sepsis – Outcome  

Stoll BJ et al Late-Onset Sepsis in Very Low Birth Weight Neonates: The 

Experience of the NICHD Neonatal Research Network. Pediatrics 2002 



Case 2 



Case 2 



Case 2 







•



Case 2 









 
 



Case 2 



Immunoglobulins for 
sepsis in neonates  



•

•

•

•

Immunoglobulins for sepsis in neonates  



Pentoxifylline (Trental®) for sepsis and 
NEC in neonates 









Shabaan et al. PIDJ 2015  

Pentoxifylline therapy for late-onset sepsis in 
preterm infants: a randomized controlled trial. 

•

•

•

•



Adjuvant treatment for sepsis and NEC 
Treatment Indication Dosage 

Pentoxiphyllin 

(Trental) 

•Severe sepsis (defined as sepsis with severe inflammation 

plus failure of at least on organ system, e.g. leuco- and/or 

thrombocytopenia, IL-8 >500pg/µl, respiratory failure, 

hemodynamic instability, KCA, metabolic acidosis) 

•NEC (radiologically and clinically confirmed plus systemic 

inflammation, e.g. leuco- and/or thrombocytopenia, IL-8 

>500pg/µl) 

5mg/kg/h infusion for 6 h/d 

5-6 consecutive days 

G-CSF 

(Neupogen) 

Sepsis and NEC with severe neutropenia  

(Neutrophils < 1500/µl) 

10µg/kg/d 

(10µg=1Mio Units, 

1ml = 30 Mio Units) 

Infuse over 1h 

Immunoglobulin 

(Pentaglobin) 

No positive effect in INIS study proven for IgG preparation. 

No large prospective data with IgM preparations available in 

preterm infants.  

 Case-to-case indication in individual cases (e.g. repetitive 

severe infections, suspected immunodeficiency) 

3-5ml/kg/d  

3 consecutive days 

Infuse over 3h 



Case 2 









Case 2 

  

•

•



•

•

Stoll et al., Early onset neonatal sepsis: the burdon of GBS and E. coli disease continues. Pediatrics 2011 

Case 2 



Case 2 Case 3 

•

•

•



Case 2 Case 3 



Case 2 Case 3 











Case 2 Case 3 



Case 2 Case 3 









Case 2 Case 3 



Case 2 Case 3 



Case 2 Case 3 



Case 2 Case 3 

 



Case 2 Case 3 

 



Cochrane Database 2016 
Early removal versus expectant management of central venous 
catheters in neonates with bloodstream infection 
Vasudevan et al. 
 
 



Positive Blood culture plus CVC 
(CVC can not be removed easily) 

CONS Other Gram-pos or Gram-neg. pathogens Fungi 

Stabilisation with AB Thrombocyts >50.000/µl, 

Stabilisation with AB 

Thrombozyten 50.000/µl, no 

stabilisation with AB 

Remove catheter 

Keep catheter  Keep catheter  – repeat 

BC after 48h of AB 

Remove catheter 

Patient not getting well 

– repeat BC 

Same pathogen in repeat 

BC 

Same pathogen in 

repeat BC 

Remove catheter 

Remove catheter 



Treatment of neonatal sepsis 

  









Treatment of neonatal sepsis 
  
 











Neonatal sepsis - Management 

Shane, Stoll: Recent developments and current issues in the epidemiology, diagnosis, and 

management of bacterial and fungal neonatal sepsis, Am J Perinatol 2013 

Condition Therapy Additional considerations 

Empiric management 

Early-onset sepsis 

Ampicillin + AG: 10d in case of 
bacteremia, 14d for GBS and 
uncomplicated meningitis, extend to 
21d for complicated infections 

Consider a 3rd gen cephalosporin or carbapenem for 
meningitis. Tailor therapy to pathogen  
Discontinue therapy if pathogen not isolated! 

Late-onset sepsis 
Vancomycin + AG: duration 
dependent on pathogen and site 

Alternatives to vancomycin may be considered based on 
local epidemiology and clinical presentation. AG-based 
regimen preferred to cephalosporin given reduced risk of 
resistance. Discontinue therapy if pathogen not isolated! 

Non-antimicrobial strategies 

Recombinant G-CSF 
Recombinant GM-CSF 

Enhance neutrophil number and 
function, no improvement in survival 
when administered as therapy 

Insufficient evidence to suport clinical use of G-CSF or 
GM-CSF either as treatment or prophylaxis to prevent 
systemic infections 

IVIG 
Augments AB-dependent cytotoxicity 
and improves neutrophilic function,  

No evidence that IVIG reduces death in neonatal sepsis 
from 10 RCTs  

Prevention strategies 

IAP 
Administration of penG or ampicillin 
4h prior to parturition 

Successfully reduces rates of EOS due to GBS. No effect 
on LOS GBS 

Fluconazole 
prophylaxis 

Administration of high-risk preterm 
infants (<1500g, <28wks) 

Most beneficial in NICUs with high baseline rates of 
invasive candidiasis 

BLF supplementation  
BLF is human milk glycoprotein with 
role in innate immune response 

BLF supplementation reduces incidence of first LOS in 
VLBWI 



Case 2 Case 4 













Case 4 



Case 2 Case 4 



Case 2 Case 4 











Case 2 Case 4 











Case 2 Case 4 













RSV outbreaks in NICUs 
Reference Location No RSV pos 

infants 
No of 
deaths 

Palivizumab Patients with 
palivizumab 

No of RSV 
pos after 
Palivizumab 

Salcedo et al 
2000 

Spain 4 0 yes All infants 0 

Cox et al. 2001 UK 7 1 yes High-risk 
infants* 

1  

Kilani et al. 2002 Saudi 
Arabia 

8 1 yes All infants 0 

Heerens et al. 
2002 

USA 9 2 no 

Abdesso et al. 
2004 

Portugal 3 0 no 

Abadesso et al. 
2004 

Portugal 3+5 1 yes All infants 0 

Halasa et al. 
2005 

USA 9 0 yes All infants 0 

Kurz et al. 2007 Austria 1 0 yes All infants 0 
Dizdar et al 2010 Turkey 13 5 yes All infants 2 
O´Connell et al 
2011 

Ireland 4 0 yes All infants 0 

Alan et al. 2012 Turkey 3 0 yes High-risk 
infants*‘ 

0 

• all preterms < 28 weeks, patients with CLD           

•  ** all preterms < 32 weeks, 1 patients with CHD 



Palivizumab to control outbreaks 

•

•

•



Case 2 Case 4 













Incidence and implications of unrecognized viral 
respiratory tract infections in premature infants during 
their birth hospitalization.  
Bennett et al., J Pediatr 2012 

•

•

•

•

•



Incidence and implications of unrecognized viral 
respiratory tract infections in premature infants during 
their birth hospitalization.  
Bennett et al., J Pediatr 2012 



Nosocomial transmission of respiratory syncytial virus in 
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*increased oxygen demand, step up in ventilation mode 

 



Nosocomial rhinovirus infection, PIDJ 2012 
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Candidaspecies in NICUs 

Manzoni et al, Early Hum Development 2012; S98-S100 



Mortality rate of candida sepsis in premies 

Adams-Chapman et al. Neurodevelopmental outcome of extremely low birth weight infants with Candida infection. J Pediatr 2013 

Kaufman D, et al. Clin Microbiol Rev 2004 



AmphoB lipid formulations higher mortality in 

the NICU? 



Removal of catheter imperative 
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Empiric antifungal treatment 
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Take home message  

Candida infections in the NICU 


