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Abstract: Neonates represent a vulnerable population for infections and neonatal sepsis is a major 
cause of mortality and morbidity worldwide. Therefore, antimicrobials are the most commonly pre-
scribed drugs in the Neonatal Intensive Care Unit Setting but unfortunately are quite often used in-
appropriately with various short and long-term effects. The rational use of antimicrobials is of 
paramount importance in this population and structured antimicrobial stewardship interventions 
should be in place. These interventions are slightly different from those used in adults and older 
children due to the particularities of the neonatal medicine. The aim of this review is to provide an 
update in the field and identify areas for further consideration and future research.. 
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1. INTRODUCTION 

 Over-consumption of antimicrobials and the subsequent 
creation of multidrug-resistant pathogens are a major prob-
lem for public health worldwide,which , according to the 
World Health Organization data, threatens the achievements 
of modern medicine [1, 2]. Antimicrobials are the most 
commonly prescribed drugs in the Neonatal Intensive Care 
Units (NICUs) and are often used inappropriately [3, 4]. Pro-
longed use of broad spectrum antimicrobials in NICUs in-
creases the risk of Candida colonization and invasive infec-
tion, necrotizing enterocolitis, late onset neonatal sepsis and 
death [5-10]. Recently published data also suggest long-term 
effects of the overuse of antimicrobials during the neonatal 
period through their effect on the intestinal microbiome, in-
cluding the development of atopic diseases [11]. Neonatal 
infections from multidrug-resistant strains are associated 
with increased mortality, excessive cost, prolonged hospi-
talization and therapeutic challenges [12]. Additionally, the 
colonization of the newborns with these pathogens makes 
them the potential source of nosocomial outbreaks [13]. For 
all the above reasons, the rational use of antimicrobials in 
NICUs is imperative. 

2. CHARACTERISTICS AND PARTICULARITIES OF 
ANTIMICROBIAL PRESCRIBING IN THE NICU 
SETTING 

 There are particular issues in the NICUs that make the 
use of antimicrobials different from other settings which are 
as follows: 
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1. Diagnostic Challenges: Neonatal sepsis can present 
with non-specific symptoms and signs, which may 
also be due to non-infectious causes (such as apnoea, 
congenital heart disease, gastroesophageal reflux dis-
ease). The absence of findings from the physical ex-
amination of the newborn does not exclude the infec-
tion. In addition, there are no laboratory tests to con-
firm or exclude with certainty a potential bacteraemia 
in its early stages. Therefore, the empirical antimicro-
bial use is a common and widely accepted practice in 
the neonatologist `s daily routine. 

2. Culture Negative Neonatal Sepsis: Initial empirical an-
timicrobial therapy is often continued in neonates de-
spite negative blood cultures due to the clinical picture 
of the newborn or suggestive laboratory findings. One 
of the main reasons leading to this is prematurity, 
which is often characterized by frequent episodes of 
apnoeas and hypotension, which are findings that 
could also indicate neonatal septicaemia. Another rea-
son is the perception that the administration of antimi-
crobials to mothers during labour can mask an episode 
of neonatal septicaemia by leading to negative blood 
cultures of the newborn. However, administering this 
treatment only to high-risk mothers aims at preventing 
neonatal infection and sterilizing neonatal cultures. 
Therefore, this approach greatly reduces the risk of 
neonatal septicaemia. 

3. Chorioamnionitis: If the mother of the newborn had 
chorioamnionitis, there is no consensus in the litera-
ture with regard to which, antibiotics are to be admin-
istered to neonates that have a good clinical picture 
(described as asymptomatic). A common practice is 
the prolonged administration of antimicrobials even 
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when the blood cultures are negative. Based on the 
Centres for Disease Control (CDC) guidance in 2010, 
newborns of mothers diagnosed with chorioamnionitis 
are the only asymptomatic infants in whom antimicro-
bial treatment is warranted without however indicating 
the duration of this treatment [14, 15]. If there are 
other risk factors (such as inadequate antibiotic cover 
for  mothers colonised with B-haemolytic streptococci, 
rupture of membranes≥ 18 hours before delivery) for 
asymptomatic terms, follow-up for at least 48 hours 
without treatment is advised, whereas for  premature 
infants  in addition to monitoring, limited laboratory 
work-up (full blood count, blood culture and CRP), is 
advised. For the asymptomatic infants of mothers who 
have been diagnosed with chorioamnionitis, the 
American Committee of Fetus and Newborn in 2014 
has proposed the following [15, 16]: 

- Discontinuation of the antimicrobials in newborns 
of mothers with chorioamnionitis that appear clini-
cally well and have normal laboratory investigations 
48 hours after their onset (if the blood cultures are 
negative). 

- In preterms or in terms with abnormal laboratory re-
sults, the possibility of antimicrobial treatment 
should be considered for up to 72 hours after their 
initiation (if the blood cultures are negative). 

The philosophy of guidelines in the United Kingdom 
published in 2012 by the National Institute of Clinical 
Excellence (NICE) for the treatment of early onset 
neonatal sepsis (https://www.nice.org.uk/guidance/ 
cg149) is in line with the above mentioned American 
guidelines. In particular, in neonates with risk factors, 
antimicrobial therapy should be discontinued 36 hours 
after its initiation if the following conditions are met: 
blood cultures are negative, the initial clinical suspi-
cion of infection is not strong, the clinical picture and 
the levels of CRP are not suggestive of infection. We 
note here that in these guidelines, the parenteral ad-
ministration of antimicrobials to mothers with sus-
pected or confirmed septicaemia during labour, 24 
hours before or postpartum, is considered as a red flag 
for early neonatal sepsis. 
Duration and Type of Antimicrobial Treatment: There 
is no consensus on the duration and the type of antimi-
crobial that should be administered. As a result, there is 
a wide variation in the treatment of both neonatal sep-
ticaemias with negative cultures as well as microbio-
logically confirmed septicaemia [17, 18]. For the dura-
tion of treatment, we mention as an example neonatal 
pneumonia, a disease entity presenting diagnostic diffi-
culties due to overlapping with surfactant deficiency 
and transient newborn tachypnoea. The duration of 
treatment varies even when the diagnosis is confirmed, 
and it has been suggested that neonates that look well 
48 hours after initiation of treatment should be given a 
total of 4 days of treatment course [19]. 

4. With regard to the types of antimicrobials used, guide-
lines for the empirical use of antimicrobial guidelines 
vary particularly for Late-Onset neonatal Sepsis (LOS) 

at both national and international level. For instance, in 
a study from Greece involving eleven NICUs, seven 
different combinations of antimicrobials for empirical 
treatment of LOS were recorded [20]. In a similar 
study from Australia, the guidelines for the LOS vary 
widely, as opposed to Early Onset neonatal Sepsis 
(EOS) where fewer combinations of antimicrobials are 
used [21]. Lutsar and colleagues, in a prospective 
study involving five European countries, also demon-
strated that LOS management varies considerably [22]. 
Similarly, at a wider European level (19 countries), 20 
different combinations of antimicrobials were recorded 
with a more prominent variation in empirical antimi-
crobial treatment for LOS [16]. All of these observed 
differences could be partly explained by the different 
epidemiology of pathogens per country and suscepti-
bility to antimicrobials. 

5. Dosage and Levels of Antimicrobials: The ideal dos-
age and monitoring of the levels of antimicrobial drugs 
can be challenging in the newborns. The Glomerular 
Filtration Rate (GFR) and tubular excretion rates are 
lower, resulting in differences in the pharmacokinetics 
and pharmacodynamics of drugs and especially ami-
noglycosides in both term and in preterm infants. In 
addition, central nervous system infections are com-
mon in preterm infants and require higher doses of cer-
tain antibiotics for adequate management. 

6. Perioperative Chemoprophylaxis: Perioperative che-
moprophylaxis should not be administered more than 
24 hours in most cases, as adults studies have shown. 
There are not many studies and guidelines for infants. 
Therefore, neonates that have undergone surgery con-
tinue to receive prolonged treatments with combina-
tions of antimicrobials. A European point prevalence 
survey in 2008 showed that 67% of children and neo-
nates in the study received surgical prophylaxis for 
more than a 24-hour period [23]. The above is worry-
ing if we consider that not only does prolong surgical 
prophylaxis prevent surgical site infections, but, con-
trary to that, it can increase the risk of infections by 
multidrug-resistant pathogens [24, 25]. 

3. ANTIMICROBIAL STEWARDSHIP: DEFINITIONS 
AND PRINCIPLES 

 According to the WHO, the judicious use of antimicrobi-
als is recognized as vital for patient safety and quality in 
medical care, as it prevent the development of multi-drug 
resistant pathogens and preserves the existing antimicrobials 
from misuse. Antimicrobial Stewardship (AMS) includes all 
the coordinated interventions designed to improve and 
measure the appropriate use of antimicrobials by promoting 
the selection of the optimal antimicrobial drug regimen, 
dose, duration of therapy, and route of administration [26].  
AMS aims to achieve optimal clinical outcomes related to 
antimicrobial use, minimize toxicity and other adverse 
events, reduce the costs of health care for infections, and 
limit the selection for antimicrobial resistant strains [26]. 
Acknowledging the importance of AMS, the CDC sets up 
the basic principles that should guide the rational use of an-
timicrobials in the hospitalized patient (www.cdc.gov/ 
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getsmart/). In 2013, Hyun and colleagues summarize  the 
basic principles of AMS in paediatrics [27] which are listed 
below: 

1. When and to whom antimicrobial treatment should be 
given (timely and appropriate treatment). 
2. Which Antimicrobial (Suitability). 
3. How (dose, duration, route). 
4. Continuous monitoring of antimicrobial use. 
5. Use of resources, human resources and education. 

 The various strategies for the AMS that have been pub-
lished and successfully used in NICUs are mainly restriction 
of the use of antimicrobial (restrictive) limiting use of cepha-
losporins [28-30]. Several studies [31-35] have shown that 
for the rational use of antimicrobials biomarker measurement 
in neonates such as CRP, interleukin 8 or procalcitonin may 
shorten the duration of treatment. In addition, access to 
guidelines for neonatal septicaemia at national level [36, 37] 
is another successful AMS strategy. Fewer strategies have 
been used to change the behavior of prescribers such as pro-
spective recording and control of prescription with educa-
tional intervention and constructive feedback [38]. We men-
tion here that education is the most widely used AMS strat-
egy, but it is often not sufficient to produce results, and is 
therefore an additional component of other interventions that 
have been occasionally used. In conclusion, it appears that 
all of the above interventions as a whole can lead to a reduc-
tion in the prescription of antimicrobials and to the admini-
stration of shorter treatment courses. 

4. ANTIMICROBIAL STEWARDSHIP IMPLEMEN-
TATION IN THE NICU SETTING  

 Specific interventions may lead to more rational use of 
antimicrobials in NICUs such as the following: 

1. Diagnosis of Neonatal Septicaemia: Due to the diag-
nostic difficulties, it is important to accurately diag-
nose neonatal infection and consequently use antibiot-
ics more judiciously. Biomarkers could be useful here. 
As mentioned above, CRP, procalcitonin and interleu-
kins 6 and 8 have been used with great success to in-
crease the negative prognostic value of a sterile blood 
culture [31-35]. However, it is crucial to obtain a suf-
ficient amount of blood from the newborn so that po-
tential pathogens can grow in the blood culture. Ide-
ally, two blood cultures (especially when the neonate 
has a central line in situ) should be obtained to clarify 
the possibility of contamination when coagulase-
negative staphylococci are isolated. The probability of 
isolation of a pathogen increases as the blood volume 
increases (1-2 ml) [39]. The American Academy of 
Pediatrics suggests that at least 1 ml of blood should 
be collected from neonates [40]. This practice does not 
always appear to be followed in NICUs and in general 
in pediatrics but can be improved by appropriate train-
ing [41]. 

2. Choice of Empirical Antimicrobial Treatment: The 
choice of appropriate antimicrobial treatment is impor-
tant and should be based on the epidemiological and 

microbiological data of each NICU. At both local and 
national level continuous epidemiological surveillance 
of responsible pathogens and their antimicrobial resis-
tant patterns are of paramount importance.  
The proposed empirical antimicrobial treatments are 
based on the distinction between EOS and LOS.  For 
the EOS, different definitions exist. Epidemiologists 
define the EOS as an infection with a positive culture 
of blood or cerebrospinal fluid (CSF) during the first 3 
days of life [42]. The CDC defines EOS from beta 
hemolytic streptococci group B (GBS) when there is 
positive blood culture or CSF during the first 7 days of 
life [14]. GBS and Enterobacteriaceae are the most 
common causes of EOS worldwide. Therefore, the 
most widely used regimes for EOS include a combina-
tion of ampicillin and gentamicin. The use of cepha-
losporins should be avoided when there is no meningi-
tis because it is associated with an increased risk of 
candidiasis especially in very low birth weight infants 
[5, 9] and promotes colonization by multidrug-resistant 
pathogens. For LOS, the use of a semisynthetic peni-
cillin in combination with an aminoglycoside is most 
widely recommended. Alternatively, piperacillin and 
tazobactam can be used in the combination of empiri-
cal treatment for suspected infections from Gram-
negative pathogens, especially in neonates that are al-
ready colonized with those. Third-generation cepha-
losporins should only be administered if there is a sus-
picion of meningitis. 
The main problem with this proposed coverage is that 
coagulase-negative staphylococci are generally resis-
tant to antistaphylococcal penicillins. For this reason, 
empirical treatment with vancomycin is administered 
to many NICUs. In order to limit the use of this glyco-
peptide, some NICUs permit the use of vancomycin 
only after the isolation of coagulase-negative staphylo-
cocci in the blood culture and not as empirical treat-
ment and this restriction had no adverse effect in the 
neonatal morbidity and mortality [38]. 
LOS often involves empirical coverage for fungi and 
especially for Candida. We will make a brief reference 
to the proper use of antifungal agents based on the re-
cent guidelines of the Infectious Diseases Society of 
America (IDSA) for the treatment of Candida infec-
tions [43]. Based on these guidelines for the empirical 
treatment of neonatal candidiasis and meningitis first-
line treatment is amphotericin B deoxycholate. Alter-
natively, fluconazole may be administered provided 
that the newborn does not already receive fluconazole 
prophylaxis. Instead of the above, liposomal ampho-
tericin B can also be administered with particular cau-
tion when the urinary tract is involved. In general, de-
oxycholate and not liposomal amphotericin B should 
be used in neonates whose kidney function is not im-
paired. In addition, antifungal treatment should be dis-
continued if the blood cultures do not develop fungi 
and there are no other risk factors such as fungal colo-
nization. With regard to echinocandins, these should be 
used with caution and only as a rescue therapy or in 
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cases where resistance or toxicity excludes the use of 
first-line antifungal agents. 
With regard to antifungal prophylaxis, in NICUs with 
high incidence of invasive candidiasis (> 10%), flu-
conazole (intravenous or oral) is recommended twice 
weekly and for 6 weeks in newborns with birth weight 
<1000 grams [43]. As an alternative to fluconazole 
(unavailable or resistance) oral nystamycin can be used 
for 6 weeks in neonates weighing <1500 grams. 

3. Reassessment of the Initial Antimicrobial Treatment 
When Culture Results are Available: If the pathogen is 
isolated from areas that are not sterile such as bron-
chial secretions, it is most likely that we deal with 
colonization and not true infection especially if the 
clinical picture of the newborn is good. In addition, the 
incubation time of blood cultures is important as the 
results that are positive after 48 hours are most likely 
to represent contamination with a small number of mi-
crobial colonies and not true pathogen growth [44]. In 
this case and if the newborn remains in good condition 
it is recommended that the treatment should be stopped 
immediately. In contrast, when the culture results are 
available within 48 hours and the pathogen and its sen-
sitivities are reported, immediate adaptation of the an-
timicrobials should be made. This strategy is some-
times not followed, and this is one of the most impor-
tant causes of inappropriate use of antibiotics in NICU 
[4]. For bacteraemias from methicillin-sensitive 
staphylococcus aureus (MSSA), antistaphylococcal 
penicillins are better than glycopeptides and constitute 
the treatment of choice and [45]. Moreover, it is worth 
reminding at this point that vancomycin should be im-
mediately discontinued when there is growth of a 
Gram-negative pathogen. 

4. Dosage and Monitoring of Antimicrobial Levels: Due 
to the particularities of pharmacokinetics and toxicity 
of certain antibiotics such as gentamicin in neonates, 
including reduced renal function and longer half-lives, 
it is necessary to administer higher doses at longer in-
tervals in preterm infants to achieve similar levels with 
term infants and older children. Therefore, the clinician 
should take into account the postmenstrual and chrono-
logical age of the infant when prescribing this antibi-
otic as both the actual dose as well as the recom-
mended dose intervals vary.  Monitoring of antimicro-
bial levels is also of paramount importance, for antibi-
otics such as gentamicin and vancomycin, in order to 
detect toxicity (trough levels) and assess the potency 
(peak levels) of the administered drug. Specifically for 
vancomycin, in 2009, the Infectious Diseases Society 
of America (IDSA) published desirable levels of van-
comycin 15-20 mg/ l for the treatment of severe 
staphylococcal infections such as bacteraemia, menin-
gitis, endocarditis, in adults and children [46]. There is 
not much data on neonatal infections but in practice it 
seems that trough levels of 10-20 mg/l can be used 
with concurrent monitoring of renal function [47]. 
With regards to novel approaches to antimicrobial use, 
recent data suggest continuous infusion of vancomy-
cin, which is well tolerated by infants and achieves 

better therapeutic levels [48-49], but more studies are 
needed before this use is widespread. The antimicro-
bial activity of vancomycin is dependent on the time 
that the serum concentration of the drug exceeds the  
minimum inhibitory concentration (MIC) i.e. the low-
est concentration of an antimicrobial that will inhibit 
the visible growth of a microorganism. The goal of 
dosing for vancomycin from a phramakodynamic point 
of view is not only to maximize the duration of expo-
sure but the concentration of the drug as well (which 
reflects the actual total exposure of the antibiotic to an 
organism).  Continuous infusion offers the advantages 
of faster time to achieve target drug concentrations, 
lower daily dose and reduced therapy costs than inter-
mittent dose regimens [48-49]. As far as the use of 
meropenem is concerned when dealing with neonatal 
infections from multidrug-resistant pathogens, it ap-
pears that, similarly to adults, extended infusion of 
meropenem exhibits the potential for improved effi-
cacy and safety of eradicating infections and improv-
ing clinical outcomes in neonates [50]. The rationale 
behind the extended infusion is that meropenem, as a 
b-lactam antibiotic, has a time-dependent killing pat-
tern and maximizing the duration of exposure is crucial 
to overcome the high MICs of specific pathogens.  

5. Measurement of Antimicrobial Use and Continuous 
Assessment of its Necessity: In order to evaluate the 
use of antimicrobials in NICUs and to design relevant 
interventions, a potential strategy is to record the 
treatment days with antimicrobials referred to as DOTs 
(days of therapy). This is a measure that is often used 
in pediatrics because, unlike the exact dose of the drug, 
it does not depend on patient weight and renal function 
[51]. If in DOTs, we use 1000 days of hospitalization 
as a denominator, the ratio that comes up helps 
comparing the use of antibiotics among different insti-
tutions. For example, the use of third-generation 
cephalosporins per month can be recorded on a NICU 
level and compared with previous months or other NI-
CUs. However, in infants and especially early on, there 
are restrictions on the use of DOTs such as the admini-
stration of gentamicin every 36 hours which makes dif-
ficult the accurate recording. In addition, many new-
borns have prolonged hospitalization in NICUs for es-
tablishing feeds without taking antibiotics. Therefore, 
if the ratio of  DOTs to 1000 days of hospitalization is 
used, the actual use of antimicrobials is underesti-
mated. 

6. Development of AMS teams consisting of infectious 
diseases specialists, microbiologists, pharmacists, in-
fection control nurses and representatives of the Inten-
sive Care Units. These teams could perform weekly 
visits in NICUs where all the antimicrobials adminis-
tered to the newborns (administration indication, dose, 
duration of treatment, etc.) are checked and sugges-
tions are made for optimal use of these. Also, this 
group could be responsible for the preauthorization of 
drugs (such as vancomycin and meropenem), a strat-
egy that has been previously successfully applied to 
NICUs [36, 38]. 
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CONCLUSION 

 In conclusion, newborns are often administered pro-
longed antimicrobial treatments for suspected neonatal sepsis 
with severe short-term and long-term effects. The judicious 
use of antimicrobials in NICUs is vital for the protection of 
this vulnerable population and can be achieved by simple 
interventions. A necessary component in order to achieve 
that is the collaboration of neonatologists with healthcare 
professionals of related specialties. Finally, it is necessary to 
continuously evaluate these antimicrobial stewardship inter-
ventions in order to ensure their uneventful and sustained 
application. 

CONSENT FOR PUBLICATION 

 Not applicable. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise.  

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES 
[1] Antimicrobial resistance: Global report on surveillance 2014. 

WHO2014; Available from: http://www.who.int/drugresistance/ 
documents/surveillancereport/en/. 

[2] Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle M. A 
systematic review and meta-analysis of the effects of antibiotic 
consumption on antibiotic resistance. BMC Infect Dis  2014; 14: 
13. 

[3] Tzialla C,  Borghesi A, Serra G, Stronati M, Corsello G. Antimi-
crobial therapy in neonatal intensive care unit. Ital J Pediatr 2015; 
41: 27.  

[4] Cantey JB, Wozniak PS, Sanchez PJ. Prospective surveillance of 
antibiotic use in the neonatal intensive care unit: results from the 
SCOUT study.  Pediatr Infect Dis J 2015; 34(3):  267-72.  

[5] Cotten CM, McDonald S, Stoll B, et al. The association of third-
generation cephalosporin use and invasive candidiasis in extremely 
low birth-weight infants. Pediatrics 2006; 118(2): 717-22. 

[6] Kuppala VS, Meinzen-Derr J, Morrow AL, Schibler KR. Prolonged 
initial empirical antibiotic treatment is associated with adverse 
outcomes in premature infants. J  pediatr 2011; 159(5): 720-5.  

[7] Saiman L, Ludington E, Dawson JD, et al. Risk factors for Candida 
species colonization of neonatal intensive care unit patients.  
Pediatr Infect Dis J 2001; 20(12): 1119-24.  

[8] Cotten CM, Taylor S, Stoll B, et al. Prolonged duration of initial 
empirical antibiotic treatment is associated with increased rates of 
necrotizing enterocolitis and death for extremely low birth weight 
infants. Pediatr 2009; 123(1): 58-66.  

[9] Lee JH, Hornik CP, Benjamin DK, et al. Risk factors for invasive 
candidiasis in infants >1500 g birth weight. Pediatr Infect Dis J 
2013; 32(3): 222-6. 

[10] Tripathi N, Cotten CM, Smith PB. Antibiotic use and misuse in the 
neonatal intensive care unit. Clin perinatol 2012; 39(1): 61-8.  

[11] Penders J, Kummeling I, Thijs C. Infant antibiotic use and wheeze 
and asthma risk: A systematic review and meta-analysis. Eur 
Respir J 2011; 38(2): 295-302. 

[12] Stone PW, Gupta A, Loughrey M, et al. Attributable costs and 
length of stay of an extended-spectrum beta-lactamase-producing 
Klebsiella pneumoniae outbreak in a neonatal intensive care unit. 
Infect Control Hosp Epidemiol 2003; 24(8): 601-6.  

[13] Gupta A, Della-Latta P, Todd B, et al. Outbreak of extended-
spectrum beta-lactamase-producing Klebsiella pneumoniae in a 
neonatal intensive care unit linked to artificial nails. Infect Control  
Hosp Epidemiol 2004; 25(3): 210-5.  

[14] Verani JR, McGee L, Schrag SJ, et al. Prevention of perinatal 
group B streptococcal disease--revised guidelines from CDC, 2010. 
MMWR Recomm Rep  2010; 59(RR-10): 1-36.  

[15] Cotten CM. Antibiotic stewardship: reassessment of guidelines for 
management of neonatal sepsis. Clin Perinatol 2015; 42(1): 195-
206. 

[16] Polin RA, Watterberg K, Benitz W, Eichenwald E. The conundrum 
of early-onset sepsis. Pediatrics 2014; 133(6): 1122-3.  

[17] Liem TB, Krediet TG, Fleer A, Egberts TC, Rademaker CM. 
Variation in antibiotic use in neonatal intensive care units in the 
Netherlands. J  Antimicrob Chemother 2010; 65(6): 1270-5.  

[18] Spyridis N, Syridou G, Goossens H,  et  al. Variation in paediatric 
hospital antibiotic guidelines in Europe. Arch  Dis  Childhood 
2016; 101(1): 72-6. 

[19] Engle WD, Jackson GL, Sendelbach D, et  al. Neonatal pneumonia: 
comparison of 4 vs 7 days of antibiotic therapy in term and near-
term infants. J Perinatol: Official J California Perinatal Association 
2000; 20(7): 421-6.. 

[20] Gkentzi D, Kortsalioudaki C, Cailes BC, et al Epidemiology of 
infections and antimicrobial use in Greek Neonatal Units. Arch Dis 
Child Fetal Neonatal Ed. 2018 Jun 28. pii: fetalneonatal-2018-
315024.  

[21] Osowicki J, Gwee A, Noronha J,  et al. Australia-wide point 
prevalence survey of antimicrobial prescribing in neonatal units: 
How much and how good?  Pediatr Infect Dis J 2015; 34(8): e185-
90.  

[22] Lutsar I, Chazallon C, Carducci FI, et al. Current management of 
late onset neonatal bacterial sepsis in five European countries. Eur 
J Pediatr 2014; 173(8): 997-1004.  

[23] Amadeo B, Zarb P, Muller A, et al. European Surveillance of 
Antibiotic Consumption (ESAC) point prevalence survey 2008: 
paediatric antimicrobial prescribing in 32 hospitals of 21 European 
countries.  J Antimicrob Chemother 2010; 65(10): 2247-52.  

[24] Alvarez P, Fuentes C, Garcia N, Modesto V. Evaluation of the 
duration of the antibiotic prophylaxis in paediatric postoperative 
heart surgery patients. Pediatr cardiol 2012; 33(5): 735-8. 

[25] Knoderer CA, Cox EG, Berg MD, Webster AH, Turrentine MW. 
Efficacy of limited cefuroxime prophylaxis in pediatric patients 
after cardiovascular surgery. Am J Health Syst Pharm 2011; 
68(10): 909-14. 

[26] Dellit TH, Owens RC, McGowan JE, et al. Infectious diseases 
society of america and the society for healthcare epidemiology of 
america guidelines for developing an institutional program to 
enhance antimicrobial stewardship. Clin Infect Dis 2007; 44(2): 
159-77.  

[27] Hyun DY, Hersh AL, Namtu K, et  al. Antimicrobial stewardship 
in pediatrics: how every pediatrician can be a steward. JAMA 
pediatr 2013; 167(9): 859-66.  

[28] Murki S, Jonnala S, Mohammed F, Reddy A. Restriction of 
cephalosporins and control of extended spectrum beta-lactamase 
producing gram negative bacteria in a neonatal intensive care unit. 
Indian pediatr 2010; 47(9): 785-8.  

[29] de Araujo OR, da Silva DC, Diegues AR, et al. Cefepime 
restriction improves gram-negative overall resistance patterns in 
neonatal intensive care unit. BJID 2007; 11(2): 277-80.  

[30] Calil R, Marba ST, von Nowakonski A, Tresoldi AT. Reduction in 
colonization and nosocomial infection by multiresistant bacteria in 
a neonatal unit after institution of educational measures and 
restriction in the use of cephalosporins. Am J  Infect Cont 2001; 
29(3): 133-8.  

[31] Franz AR, Bauer K, Schalk A, et al. Measurement of interleukin 8 
in combination with C-reactive protein reduced unnecessary 
antibiotic therapy in newborn infants: A multicenter, randomized, 
controlled trial. Pediatrics. 2004; 114(1): 1-8.  

[32] Couto RC, Barbosa JA, Pedrosa TM, Biscione FM. C-reactive 
protein-guided approach may shorten length of antimicrobial 
treatment of culture-proven late-onset sepsis: an intervention study.  
J Br Soc Infect Dis 2007; 11(2): 240-5. 

[33] Stocker M, Fontana M, El Helou S, Wegscheider K, Berger TM. 
Use of procalcitonin-guided decision-making to shorten antibiotic 
therapy in suspected neonatal early-onset sepsis: prospective 
randomized intervention trial. Neonatology 2010; 97(2): 165-74.  

[34] Stocker M, van Herk W, El Helou S, Dutta S, Fontana MS, 
Schuerman FABA et al Procalcitonin-guided decision making for 
duration of antibiotic therapy in neonates with suspected early-



52    Current Pediatric Reviews, 2019, Vol. 15, No. 1 Gkentzi and Dimitriou 

onset sepsis: A multicentre, randomised controlled trial (NeoPIns). 
Lancet 2017; 390(10097): 871-81.  

[35] Gkentzi D, Dimitriou G Procalcitonin use for shorter courses of 
antibiotic therapy in suspected early-onset neonatal sepsis: Are we 
getting there? J Thorac Dis 2017; 9(12): 4899-902.  

[36] Labenne M, Michaut F, Gouyon B, Ferdynus C, Gouyon JB. A 
population-based observational study of restrictive guidelines for 
antibiotic therapy in early-onset neonatal infections. Pediatr Infect 
Dis J 2007; 26(7): 593-9. 

[37] Zingg W, Pfister R, Posfay-Barbe KM, Huttner B, Touveneau S, 
Pittet D. Secular trends in antibiotic use among neonates: 2001-
2008. Pediatr Infect Dis J 2011; 30(5): 365-70. 

[38] Chiu CH, Michelow IC, Cronin J, Ringer SA, Ferris TG, Puopolo 
KM. Effectiveness of a guideline to reduce vancomycin use in the 
neonatal intensive care unit. Pediatr Infect Dis J 2011; 30(4): 273-
8.  

[39] Schelonka RL, Chai MK, Yoder BA, Hensley D, Brockett RM, 
Ascher DP. Volume of blood required to detect common neonatal 
pathogens.  J  pediatr 1996; 129(2): 275-8. 

[40] Polin RA, Committee on F, Newborn. Management of neonates 
with suspected or proven early-onset bacterial sepsis. Pediatrics 
2012; 129(5): 1006-15.  

[41] Connell TG, Rele M, Cowley D, Buttery JP, Curtis N. How reliable 
is a negative blood culture result? Volume of blood submitted for 
culture in routine practice in a children's hospital. Pediatrics 2007; 
119(5): 891-6.  

[42] Stoll BJ, Hansen NI, Sanchez PJ, et al. Early onset neonatal sepsis: 
the burden of group B Streptococcal and E. coli disease continues. 
Pediatrics 2011; 127(5): 817-26.  

[43] Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, 
Ostrosky-Zeichner L, et al. Clinical Practice Guideline for the 
Management of Candidiasis: 2016 Update by the Infectious 
Diseases Society of America. Clin Infect Dis 2016; 62(4): e1-50.  

[44] Kumar Y, Qunibi M, Neal TJ, Yoxall CW. Time to positivity of 
neonatal blood cultures. Arch Dis Childhood Fetal  Neonatal Ed  
2001; 85(3): F182-6.  

[45] McDanel JS, Perencevich EN, Diekema DJ, et al. Comparative 
effectiveness of beta-lactams versus vancomycin for treatment of 
methicillin-susceptible Staphylococcus aureus bloodstream 
infections among 122 hospitals. Clin Infect Dis 2015; 61(3): 361-7.  

[46] Rybak MJ, Lomaestro BM, Rotschafer JC, et al. Vancomycin 
therapeutic guidelines: a summary of consensus recommendations 
from the infectious diseases Society of America, the American 
Society of Health-System Pharmacists, and the Society of 
Infectious Diseases Pharmacists. Clin Infect Dis 2009; 49(3): 325-
7. 

[47] Kim J, Walker SA, Iaboni DC, et  al. Determination of vancomycin 
pharmacokinetics in neonates to develop practical initial dosing 
recommendations. Antimicrob Chemother 2014; 58(5): 2830-40. 

[48] Gwee A, Cranswick N, Metz D, et al. Neonatal vancomycin 
continuous infusion: still a confusion?  Pediatr Infect Dis J. 2014; 
33(6): 600-5.  

[49] Zhao W, Lopez E, Biran V, Durrmeyer X, Fakhoury M, Jacqz-
Aigrain E. Vancomycin continuous infusion in neonates: Dosing 
optimisation and therapeutic drug monitoring. Arch Dis Child 
2013; 98(6): 449-53.   

[50] Shabaan AE, Nour I, Elsayed Eldegla H, Nasef N, Shouman B, 
Abdel-Hady H. Conventional Versus Prolonged Infusion of Mero-
penem in Neonates With Gram-negativeLate-onset Sepsis: A Ran-
domized Controlled Trial. Pediatr Infect Dis J 2017; 36(4):  358-
363 

[51] Valcourt K, Norozian F, Lee H, Raszynski A, Torbati D, Totapally 
BR. Drug use density in critically ill children and newborns: 
analysis of various methodologies. Pediatr Crit Care Med  2009; 
10(4): 495-9.  

 
 
 


	Antimicrobial Stewardship in the Neonatal Intensive Care Unit: AnUpdate
	Abstract:
	Keywords:
	INTRODUCTION
	CHARACTERISTICS AND PARTICULARITIES OFANTIMICROBIAL PRESCRIBING IN THE NICUSETTING
	ANTIMICROBIAL STEWARDSHIP: DEFINITIONSAND PRINCIPLES
	ANTIMICROBIAL STEWARDSHIP IMPLEMENTATIONIN THE NICU SETTING
	CONCLUSION
	REFERENCES



