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1. Disease burden and Definitions 

          Neonatal sepsis is an important cause of morbidity and mortality, especially in 

those infants born prematurely or are of very low birth weight (VLBW) [1]. 

Worldwide, it is estimated that invasive neonatal infections account for more than one 

third of neonatal deaths annually [2]. Premature neonates are more vulnerable to 

infections than term infants because the development of the immune system starts 

around the 24
th

 week of gestation and continues until birth [3, 4]. In addition to that, 

prolonged hospitalisation, mechanical ventilation, invasive procedures, parenteral 

nutrition, and the use of broad spectrum antibiotics in the Neonatal Units (NNUs) 

increase the susceptibility of this population to a variety of pathogens. 

Neonatal sepsis has been classified into two groups based on the timing of 

symptom onset. Early-onset sepsis (EOS) is defined as infection occurring within 48 

hours or 72 hours after birth and is caused by maternal pathogens transmitted to the 

infant during delivery[5]. Late-onset sepsis (LOS) is defined as infection occurring 

thereafter (from 48-72 hours). The pathogenesis of LOS is due to the horizontal 

transmission of environmental pathogens and it is usually a hospital-acquired 

infection. However, variations exist over the most appropriate cut-off point for the 

definition of EOS and LOS. For Group B Streptococci (GBS), EOS has been defined 

as infection occurring within the first week of life [6].  In particular, the Centers for 

Disease Control and Prevention (CDC) defines EOS due to GBS as blood or cerebral 

spinal fluid culture-proven infection occurring in the first 7 postnatal days[6]. The 

National Institute of Child Health and Human Development’s (NICHD) definition of 

EOS also requires that the infection is treated with antibiotics for at least 5 days[5]. 

As there is generally no consensus in the field the most widely accepted definition is 



14 
 

the one using as cut off 48-72 hours, as it better reflects the transition between 

infections caused by pathogens acquired by vertical transmission and those acquired 

horizontally. 

1.1 EOS Pathogens 

            The pathogens accounting for more than half of EOS episodes in both term 

and preterm neonates are GBS and Escherichia coli [7-9]. In preterm and VLBW 

infants however E.Coli and other Gram-negative rods are the most common 

pathogens of EOS[10, 11]. Other pathogens less frequently seen are other streptococci 

(Streptococcus viridans, Streptococcus pneumoniae), Staphylococcus aureus, 

Enterococcus spp, other Gram-negative rods (Enterobacter spp, non typeable 

Haemophilus influenzae) and Listeria monocytogenes[7-9]. Fungi are seen very rarely 

in EOS and occur predominantly in VLBW infants[11]. Candida spp are the most 

frequently seen fungi. We also need to mention that viruses, and in particular 

enteroviruses, parechoviruses, herpes simplex virus [12, 13]. Finally, culture-negative 

sepsis is very common in neonates and as a result there are many episodes treated as 

EOS with no pathogens identified.  

1.2 LOS Pathogens 

The most common pathogens accounting for LOS are Coagulase-Negative 

Staphylococci (CoNS) followed by Gram-negative bacilli. All neonates become 

colonized with CoNS within the first few days in life. CoNS have been traditionally 

considered as having low virulence and CoNS bacteremia might indicate a true 

infection or contamination [14]. Gram-negative (GN) bacilli include E.Coli, 

Klebsiella spp, Enterobacter spp, Pseudomonas spp, Serratia spp etc. In developing 

countries the incidence of LOS due to GN is higher compared to resource-rich 
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countries where CoNS predominate [15]. Of note, the emergence of extended 

spectrum beta-lactamase (ESBL) producing Enterobacteriaceae presents major 

challenges in managing LOS and is associated with higher morbidity and mortality 

compared to non-ESBL pathogens[16]. Candida spp represent the third most common 

cause of late onset neonatal sepsis and are a major aetiological agent for nosocomial 

infections. Apart from significant morbidity, healthcare costs and death, invasive 

Candida infections have been associated with poor neurodevelopmental outcome in 

the survivors. In particular, invasive candidemias are responsible for mortality ranging 

from 25-55%, and neurodevelopmental impairment reported in up to 57% of survivors 

[17]. In the last decades non C. albicans species such as Candida parapsilosis have 

emerged as an important pathogens that can lead to invasive neonatal infection and 

death. 

 

2. Epidemiology of Neonatal Infections  

            The disease burden, pathogen distribution and antimicrobial susceptibilities of 

pathogens accounting for neonatal infections differ across countries. With regards to 

EOS pathogens for instance, UK data show a lower proportion of GN pathogens when 

compared to similar data from USA, Canada or Australia [7, 18-20]. Similarly for 

LOS, differences exist in the pathogens between European countries where GN are 

more prominent in the South compared to the North[21]. It is therefore important to 

have a thorough understanding of the local and current epidemiology aiming to 

choose the best antimicrobial combination for empiric treatment. 

          Neonatal infection surveillance networks have been established in several 

countries worldwide and collect prospective data on neonatal infections [22]. These 
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networks are useful primarily in describing the burden of the disease with regards to 

pathogens and antibiotic resistant patterns. When involving more than one country, 

they are also useful in benchmarking, informing policy and improving quality of care. 

Understanding and explaining the differences between countries can guide the 

development of further policies and preventative measures. These networks though 

have several challenges including their high cost, ensuring the quality of data entry, 

the accuracy of denominator data and accounting for the differences between the 

populations that each NNU serves [22]. Further work is needed to address these 

challenges. However, these networks provide a unique opportunity to inform policies, 

identify risk factors and improve the quality of neonatal care. 

3. Antimicrobial use for Neonatal Infections 

Antibiotic overuse and subsequently infections caused by antibiotic resistant 

pathogens are a worldwide problem that according to the 2014 WHO report 

“threatens the achievements of modern medicine” [23]. In NNUs, antimicrobial use 

does undoubtedly influence the types of pathogens involved in neonatal sepsis as well 

as their resistance patterns[21]. The CDC has initiated in 2011 a campaign to prevent 

antimicrobial resistance in healthcare settings[24] with emphasis on antimicrobial 

stewardship (AMS) interventions. Antimicrobial stewardship is recognized as a 

critical patient safety and quality imperative which aims at optimizing clinical 

outcomes while minimising the emergence of antimicrobial resistance and preserving 

the activity of the existing agents[25]. Several AMS strategies in NNUs have been 

proposed [26, 27] and include one or more of the following aspects: 

1. Improvement in the diagnosis of neonatal sepsis. The signs and symptoms of sepsis 

in infants are non-specific and may mimic the presentations of a non-infectious 

process but it is difficult not to treat with antibiotics for suspected sepsis when these 
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symptoms appear. In addition, culture-negative sepsis is a common reason for 

antibiotic prescribing in NNUs. The use of biomarkers[28-30] such as CRP, 

procalcitonin, interleukins 6 and 8, and of sampling with adequate blood volume for 

culture (at least one ml recommended from the American Academy of Pediatrics[31]) 

could aid the earlier and accurate diagnosis of neonatal sepsis as well as the judicious 

use of antimicrobials. 

2. Appropriate antimicrobial empiric cover for suspected sepsis based on local 

epidemiology. The latter requires continuous surveillance at a local and national level 

as both pathogens and their antimicrobial resistance patterns change over time. In 

NNUs, the use of cephalosporins should be avoided as their use increases the risk of 

invasive neonatal candidiasis [32] and death[33]. As for vancomycin, the introduction 

of an AMS strategy to use this antimicrobial only after isolation of a pathogen (CoNS 

most of the times), rather than empirically, did not lead to an increase in the morbidity 

or mortality of neonates [34]. 

3. Re-evaluation of empiric antimicrobials when specific pathogen isolated and 

antibiogram available. De-escalation to narrow spectrum and less toxic antimicrobials 

is strongly recommended. 

4. Adequate dose and monitoring of therapeutic levels of certain antimicrobials such 

as gentamicin and vancomycin due to differences in pharmacokinetics and 

pharmacodynamics in neonates. 

5. Rational use of antimicrobials for surgical prophylaxis and shorter duration for that 

purpose. 
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6. Monitoring the use of antimicrobials. Recording DOTs (Days of Therapy) has 

proven to be a very useful AMS in children and can enable comparison between 

NNUs as well as measurement of outcomes of other AMS interventions [35]. 

7. Development of AMS team (consisting of neonatologists, paediatric infectious 

diseases specialists, pharmacists and infection control nurses) with primary 

responsibility for the continuous monitoring of appropriateness of prescribing aims to  

reduce antimicrobial abuse and misuse. 

In conclusion, it is of paramount importance to use antimicrobials wisely in NNUs 

and efforts should be made in this direction. Knowing how and why antimicrobials 

are utilised in the NNU setting is an essential element of AMS and offers the 

opportunity for quality improvement. 
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1. Addressing the problem 

Data on the pathogens causing infections in the Neonatal Units (NNUs) in Greece are 

limited. Information in the field so far is derived from small studies conducted mainly 

in single centre institutions [36-42]. In addition to the limited knowledge on the 

epidemiology, the recognised emergence of multi drug resistant organisms (MDROs) 

in Greece [42, 43] makes the establishment of national reporting and surveillance 

systems a high priority in the country. During the last decades neonatal infection 

surveillance networks have been established in several countries including Germany, 

Australia, USA, Israel and the United Kingdom and are useful for documenting 

infection rates, pathogens and antibiotic resistant patterns[22]. NeonIN is an 

international neonatal infection surveillance network, established in the UK in 2004, 

which captures data on neonatal infections and antibiotic resistance patterns 

(http://www.neonin.org.uk/)[7]. From January 2012 NNUs from Greece have joined 

this network with the overall objective of describing the epidemiology of neonatal 

sepsis and subsequently to implement changes in clinical practice, inform policy and 

improve quality of care. 

 In addition to monitoring the epidemiology and because Greece is among the 

highest antibiotic consumers in Europe [44] which further contributes to the 

emergence of MDROs [21] , we need to know why and how antibiotics are used at a 

national level in order to design relevant and effective AMS interventions [25]. 

According to the Antibiotic Resistance and Prescribing in European Children 

(ARPEC) project, high rates and broad spectrum antibiotics are used in hospitalised 

children in Greece, rates that are among the highest in Europe [45]. In general, little is 

known specifically about antibiotic prescribing in the NNUs, a setting in which 

http://www.neonin.org.uk/
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unnecessary or inappropriate antibiotic utilization is widely regarded as being 

common practice [45] [46]. Moreover, overprescribing in the neonatal population can 

increase the risk of necrotising enterocolitis, candida colonisation, invasive 

candidiasis, late onset sepsis and death [32, 47-50] as well as long term complications 

via alteration of the gastrointestinal microbiome [51].  

 

2. Aims and objectives of the project 

In the present study, we report the first national data on the epidemiology of neonatal 

sepsis in Greek NNUs as captured by the neonIN surveillance network over a three 

year period. We have also assessed the antimicrobial use and policies in the NNU 

setting in Greece. Finally, we propose the first national  evidence-based guidelines for 

empiric antimicrobial use in neonatal sepsis. 

 

3. Methods  

3.1. Epidemiology of Neonatal Infections in Greece 

Data were prospectively collected from the Greek NNUs who agreed to 

participate in the neonIN. There are 29 NNUs in total in Greece (22 public, 7 private). 

There were no exclusion criteria for NNUs in terms of population coverage, hospital 

size and academic characteristics. Data from participating Greek NNUs between 

January 2012 and August 2015 were extracted. An episode of neonatal infection was 

defined as a positive culture collected from a normally sterile site (blood, 

cerebrospinal fluid (CSF) and urine) for which clinicians prescribed at least 5 days of 

antimicrobial treatment. Repeatedly positive samples with the same organism were 

considered as part of the same episode if the period between samples was less than 7 
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days for all pathogens, except for Coagulase negative Staphylococci (CoNS) and 

fungal infections, for which the period between samples was 10 days. For CoNS 

bacteremias, if the episode was treated with at least 5 days of appropriate antibiotics 

(vancomycin) it was classified as true infection. Early-onset sepsis (EOS) was defined 

as occurring within 48 hours of birth and late onset sepsis (LOS) as infection 

occurring thereafter. Small for gestational age (SGA) was defined as birth weight < 

10
th

  centile for gestational age. Each unit provided data on the number of live births 

and the number of NNU admissions by birth weight and gestational age. A 

standardized proforma was completed by the clinician for each positive culture, and 

included the infant’s demographic details (birth weight, gestational age, gender) 

clinical information and microbiological data, as well as the antibiotic resistance 

profile of the isolate which was validated with input from laboratory microbiology 

data. Anonymised data were then transferred onto the web-based neonIN  database.  

In defining antimicrobial susceptibilities, organisms were deemed ‘susceptible’ if 

susceptible to at least one of the antibiotics in a possible combination and ‘resistant’ if 

resistant to all the constituent antibiotics individually.  The exception to this occurred 

in cases where monotherapy with one of the constituent agents was deemed to be 

inappropriate (e.g. gentamicin monotherapy for an enterococcal infection). If 

susceptibility data was only available for one of the antimicrobial agents in the 

combination then the pathogen was labelled as per the susceptibility of the antibiotic 

tested. 

3.2. Antimicrobial Use & Policies in Greek NNUs 

Data collection on antimicrobial use were prospectively collected from the NNUs 

who agreed to participate in the study. Clinicians representing each  NNU  were 

invited via email to participate in the Point Prevalence Surveys (conducted 
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simultaneously on specific dates in three consecutive months: July, August and 

September 2015) and to provide data on each NNU’s guidelines for empiric 

antimicrobial cover. The relevant two questionnaires were attached to the electronic 

correspondence. The study participants were also offered telephonic support by the 

researchers. Both questionnaires were designed by neonIN and were previously used 

in a similar study conducted in South London.  

Questionnaire 1 (Appendix 1- neonIN Antibiotic Prescribing Point Prevalence Survey 

Form) was used for the PPS. The PPS included all neonates present on the ward at 

8:00 am at least since midnight on the day of the survey.  Data were collected on all 

neonates receiving at least one antibiotic on the PPS day and included postnatal age, 

gender, current weight, birth weight and gestational age, underlying diagnosis, 

antibiotic name, dose, frequency of administration, reason for treatment, type of 

indication and type of treatment (empirical versus targeted based on antibiogram).  

Questionnaire 2 (Appendix 2 – neonIN Neonatal Unit Questionnaire) was used for 

data collection on antibiotic policies/guidelines. This questionnaire includes 

information on NNU characteristics, antibiotic policies and infection control policies 

and practices. For the purpose of this study we analysed data on antibiotic policies 

only. Early onset neonatal sepsis (EOS) was defined as occurring within the first 48 

hours of life and late onset sepsis (LOS) as infection occurring thereafter. 

Setting: This project was conducted and coordinated in the UK by the neonIN 

Research Team at St George`s University of London, and in Greece by the 

Department of Paediatrics, Medical School, University of Patras. 
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Statistical Analysis: Data on the epidemiology were analysed on STATA 14 by the 

neonIN team at St George`s University of London. Data on antimicrobial use were 

analysed using SPSS 20 for Microsoft Windows. 

Ethical approval:  The neonIN database received ethics approval from the London-

Surrey Borders Research Ethics Committee in April 2005 (05/Q0806/34) and this was 

extended in December 2013 (05/Q0806/34+5) for a period of five years. Each 

participating NNU in Greece received separate approval from the local ethics 

committee in order to participate in the network.  

 

4. Results 

4.1. Epidemiology of neonatal infections in Greece 

4.1.1 Infection Incidence and Patient Characteristics  

 Data were collected from the 16 neonatal units (NNUs) who joined neonIN. 

Fourteen NNUs were in the public sector and two were private. Thirteen NNUs were 

Level 3 (Neonatal Intensive Care Units) whereas three were Level 2 (Local Neonatal 

Units)[52, 53].  The number of participating NNUs increased over the years of the 

study with the majority of NNUs joining the surveillance network in 2014. These 

NNUs are representative of all Greek NNUs as they include the four largest tertiary 

NNUs in Athens (capital city of Greece with inhabitants approximately half of the 

total Greek population), the 2 largest tertiary NNUs in Thessaloniki (second largest 

city in Greece) and the 4 out of 5 largest University affiliated NNUs in the rest of the 

country.  
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Overall, 459 pathogens were isolated from 418 neonates with a median (IQR) 

gestational age at birth of 33.5 weeks (29-38) and a median (IQR) birth weight of 

1910 grams (1176-3030).  The incidence rate of neonatal infection was 50 episodes 

per 1000 NNU admissions which was similar across the three years of surveillance. 

The incidence of EOS was 4.6 episodes per 1000 NNU admissions whereas for LOS 

it was 45.4 episodes / 1000 NNU admissions. The majority of episodes were LOS 

(413, 90%) and occurred most frequently at the end of the second week of life 

(median (IQR) postnatal age (days) of 13 (7-27)). Infection occurred more frequently 

in males (63.4%).  The causative pathogen was isolated from a positive blood culture 

in 363 episodes (79.1%). Seventy two neonates were treated for meningitis (16.9%). 

Table 1 shows the incidence of neonatal infection, baseline demographics and clinical 

characteristics of the study population. 
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Table 1: Incidence and Characteristics of Infection Episodes 

Incidence and Baseline Demographics Overall < 1500gr 

Incidence (/1000 NNU admissions)                50  

EOS incidence (/1000 NNU admissions)               4.6  

LOS incidence (/1000 NNU admissions)              45.4  

Number of infection episodes  459  166 (36.2%) 

Sex (male)  281 (63.4%)  97 (58.8%) 

Median (IQR) gestational age at birth (weeks)  33.5 (29-38)  28 (26-30) 

Median (IQR) birth weight (grams)  1910 

 (1176-3030)  

1020  

(820-1220) 

 Clinical Characteristics of infection episodes          

 Median (IQR) Postnatal age (days)  13 (7-27)  13 (7-27) 

 Central line in-situ  107 (24.5%)  59 (36.2%) 

 Treated for meningitis  72 (16.9%)  31 (20%) 

 Median (IQR) C-reactive protein (mg/dL) 

(maximum CRP at or within 48h of obtaining culture) 
27.5 (7.3-87.8)  20.2(5-79) 

 Pathogen isolated from blood  363 (79.1%)  146 (88%) 

 EOS episodes (<48h)  46 (10.0%)  17 (10.2%) 

 EOS episodes (<72h)  58 (12.6%)  20 (12.1%) 

 

4.1.2 Pathogens and resistance 

 Overall during the study period, Gram-positive (GP) bacteria represented 41% 

of the total pathogens, Gram-negative (GN) bacteria 49% and fungi 10%. Of the 413 
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episodes of LOS, 207 (50.1%) were due to GN organisms, 162 (39.2%) due to GP and 

44 (10.7%) were due to fungi. The most common pathogens causing EOS and LOS 

are listed in Table 2. Graphs 1 and 2 demonstrate the percentages of all the different 

pathogens for EOS and LOS respectively. 

Table 2: Pathogen distribution 

 EOS  

n (%) 

LOS  

n (%) 

Pathogens 46 (10%) 413 (90%) 

Gram positive (GP) 28 (60.9%) 162 (39.2%) 

Most common GP pathogen  CoNS (28.6%) CoNS (80.3%) 

Most common GP pathogen                      

(CoNS excluded) 

GBS (30.0%) E. faecium (37.5%) 

Gram negative (GN) 17 (37.0%) 207 (50.1%) 

Most common GN pathogen  E.coli (47.1%) Klebsiella sp. (38.7%) 

Fungi 1 (2.1%) 44 (10.7%) 

Most common fungi  - Candida parapsilosis 

(52.3%) 
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Graph 1: Pathogens in Early Onset Sepsis 

 

Graph 2: Pathogens in Late Onset Sepsis 
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For EOS pathogens the susceptibility to the combinations of benzylpenicillin 

plus gentamicin, ampicillin plus gentamicin and ampicillin plus cefotaxime were 

80%, 80% and 74.2%, respectively ( Table 3). For LOS sepsis the susceptibility to the 

combinations of flucloxacillin plus gentamicin, ampicillin plus cefotaxime, 

piperacillin/tazobactam plus gentamicin were 62.4%, 67.5% and 75.7%, respectively. 

The susceptibility of LOS pathogens to meropenem was 89% (Table 3 ).  

 

Table 3: Pathogen Susceptibilities to commonly used antimicrobial combinations   

Early Onset Sepsis Susceptibility 

  Benzylpenicillin & Gentamicin 80.0% 

Amoxicillin & Cefotaxime 74.2% 

Amoxicillin & Gentamicin 80.0% 

       Cefotaxime 77.3% 

                                  Late Onset Sepsis  

Flucloxacillin & Gentamicin 62.4% 

Amoxicillin & Cefotaxime 67.5% 

Amoxicillin & Gentamicin 65.5% 

Piperacillin/ Tazobactam & Gentamicin 75.7% 

Vancomycin & Cefotaxime 71.8% 

Cefotaxime 68.2% 

Meropenem 89% 
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For the commonest GN bacteria analysis was performed on antimicrobial 

resistance patterns (Table 4). High rates of resistance to aminoglycosides and third 

generation cephalosporins were generally recorded. Nearly half of the isolated 

Klebsiella spp were resistant to aminoglycosides, one third to third generation 

cephalosporins and 3% to carbapenems. For Enterobacter spp, 65% of the isolates 

were resistant to third generation cephalosporins and one third to carbapenems. 

Table 4: Antimicrobial Resistance for the commonest Gram-negative bacteria 

Pathogen Antibiotic                Resistance 

Klebsiella spp               

  Aminoglycosides  37/82 (45%)  

  3rd generation cephalosporins  23/68 (34%)  

  Carbapenems  2/74 (3%)  

E.Coli    

  Aminoglycosides  5/61 (8%)  

  3rd generation cephalosporins  8/49 (16%)  

  Carbapenems  0/45 (0%)  

Enterobacter spp    

  Aminoglycosides  4/29 (14%)  

  3rd generation cephalosporins  17/26 (65%)  

  Carbapenems  8/28 (29%)  

 

 

 



32 
 

4.2 Antimicrobial Use in Greek NNUs 

4.2.1 Antimicrobial Point Prevalence Survey (PPS)  

The degree of NNU participation varied by month of the PPS from four NNUs 

in July, 10 NNUs in August and 11 NNUs in September 2015. Nine NNUs were on 

the public sector and two were private. The majority of NNUs were Level 3 (Neonatal 

Intensive Care Units) whereas two were Level 2 (Local Neonatal Units)[52, 53]. 

Detailed data of the study participants are shown in Table 5. Overall, there were 196 

neonates on antimicrobials out of 484 inpatients (40.4%). The majority of patients 

were males (60.7%). The median (IQR) gestational age of our study population was 

35 weeks (32-38) with a median (IQR) birth weight 2240 grams (1557-2990).  As for 

the indications for antimicrobial use, the majority of neonates (84.1%) were given 

antimicrobials empirically rather than based on the susceptibility testing of the 

isolated pathogens. The top five reasons for treatment were: sepsis (half of the cases), 

prophylaxis for newborn risk factors, lower respiratory tract infection and prophylaxis 

for maternal risk factors.  
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Table 5: Point Prevalence Survey on antimicrobial use  

Number of participating NNUs                             11 

Patients on antibiotics n (%)                     196/484 (40.5%)  

Sex (male) n (%) 119/196 (60.7%)  

Median Gestational Age (weeks) (IQR)  35 (32-38)  

Median Birth Weight  (grams)  (IQR)  2240 (1557-2990)  

Median Postnatal age (days) (IQR)  8 (4-18)  

Respiratory support n (%) 79/196 (40.3%)  

Patients on empiric antibiotics n (%) 165/196 (84.1%)  

Most frequent indication for antimicrobial 

prescribing, n (%) 

Suspected sepsis  

103/196 (52.6%)  

 

 

4.2.2 Main combinations and subclasses of antimicrobials used 

Most neonates (85%) were treated for EOS with a combination of ampicillin 

and an aminoglycoside (gentamicin or amikacin). For LOS sepsis the two most 

frequent antibiotic combinations were: meropenem and a glycopeptide (vancomycin 

or teicoplanin) followed by piperacillin/tazobactam and a glycopeptide. We did not 

find any statistically significant differences in the classes of antibiotics used according 

to the Levels of care. Graphs 3 and 4 demonstrate the types and percentages of 

antibiotics used by Level of care. 
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Graph 3: Antimicrobials used in Greek neonIN NNUs Level 2 (LNU) 

 

Graph 4: Antimicrobials used (PPS) in Greek neonIN NNUs Level 3 (NICU)  
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4.2.3 Antimicrobial Guidelines 

 We collected data on the empiric antimicrobial policies for EOS, LOS and 

antifungal prophylaxis in the Greek NNUs. Eleven NNUs participated in the cross-

sectional survey which was conducted simultaneously with the antimicrobial 

prescribing PPS to encourage participation. The survey revealed wide variation in 

guidelines, especially in  LOS, among the Greek NNUs (Table 6). 

 

 

Table 6: Antimicrobial Guidelines in Greek NNUs  

 

  

Empiric Antimicrobial Policies 

 

 

 

%  

Early Onset Sepsis  Ampicillin + Gentamicin                     

Benzylpenicillin  + Gentamicin            

Ampicillin + Amikacin                          

73 

18 

9  

 

 

Late Onset Sepsis  Piperacillin/tazobactam + Teicoplanin   

Cefotaxime + Vancomycin                                     

Meropenem + Vancomycin                                          

Piperacillin/tazobactam +  Amikacin      

Cefipime + Vancomycin                                              

Flucloxacillin + Gentamicin                                       

Cefotaxime + Teicoplanin                      

(weekly surveillance)  

 

 

27 

18 

18 

9 

9 

9 

9  

Antifungal Prophylaxis Fluconazole IV                                                                  

Nystatin PO                                    

No prophylaxis                               

No policy                                          

54 

18 

18 

9  

 

 



36 
 

5. Discussion 
 

5.1. Epidemiology of neonatal infections in Greece 

NeonIN presents the first national data on the epidemiology of neonatal sepsis 

in Greek NNUs capturing data from the majority of NNUs over a three year period. 

Our neonatal population has higher birth weight and gestational age at birth as 

compared to the same study period in the UK neonIN NNUs [54] as well as compared 

to previous neonIN reports and reports from other countries [7, 55]. The incidence of 

neonatal sepsis expressed as episodes of infection per 1000 neonatal admissions was 

also higher than the previously reported by neonIN in the UK [7] but not significantly 

different from the UK neonIN NNUs over the same time period [54]. It is of interest 

to note that the incidence of EOS was higher in the UK whereas the incidence of LOS 

was higher in Greece. 

For EOS, with the exclusion of CoNS, Group B streptococci (GBS) were the 

predominant pathogens. The incidence of GBS infection is significantly lower 

compared to the neonIN UK NNUs [54]. In one study conducted in Greece, the GBS 

colonisation rate in 1014 pregnant women and neonates was found to be 6.2% and 

2.4% respectively, significantly lower compared to figures from other developed 

countries and this could partially explain the lower disease incidence [56]. However, 

the detection of GBS colonisation is very sensitive to the methods used and moreover 

may change with time. It would therefore be important to define the current 

prevalence of colonisation in Greek women. In addition to that, although no official 

national guidance exists on GBS screening of pregnant women, the majority of 

obstetric units in Greece are following the US CDC recommendations for universal 

rectovaginal swabbing at 35-37 weeks of gestation and intrapartum antibiotic 



37 
 

prophylaxis (IAP) in those women colonised with GBS or those women with 

unknown colonization status at onset but risk factors including preterm delivery <37 

weeks, rupture of membranes >18 hours, intrapartum temperature >38
o
C[57]. In 

contrast, the UK National Screening Committee suggests a risk based and not a 

universal screening strategy, recommending  IAP for those women with a history of 

an infant with invasive GBS, GBS bacteriuria in current pregnancy, pyrexia in labor 

and chorioamnionitis[58]. Given the lower disease incidence in Greece, as captured 

by neonIN, further evaluation is needed in this area, including evaluation of the most 

cost-effective screening method and strategy for GBS colonisation and IAP, aiming to 

reduce unnecessary antimicrobial use and to provide optimal neonatal protection. 

With regards to LOS pathogens, we found a wide variation of pathogens with 

surprisingly high rates of GN pathogens. Such a high rate of GNs is not an expected 

finding in NNUs from resource-rich countries [59]. However, countries from South 

Europe tend to have more GNs accounting for LOS when compared to North 

Europe[21]. Apart from the higher numbers of GN, the pathogen distribution is 

different with Klebsiella spp being the commonest Enterobacteriaceae whereas 

E.Coli were the predominant pathogens in the UK [7, 54]. The most worrying feature 

for GN pathogens though is the high rates of antimicrobial resistance to 

aminoglycosides and third generation cephalosporins. The explanation for these 

findings  is  likely to be multifactorial, and  may include the higher empiric use of 

broad spectrum antibiotics[60], the lack of NNU specific infection control policies 

and the low nurse to patient ratio generally  observed in Greek NNUs[61-63]. 

As for fungal infections, we found overall rates similar to those previously 

reported in the UK and the US [7, 64, 65]. However, babies admitted and cared for in 
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Greek NNUs are less premature and one would therefore expect a lower disease 

incidence in this country. In addition, we report here on C. parapsilosis as the 

predominant fungal pathogen. Although the non-albicans candida infections are on 

the rise [66], the predominance of these fungi in our cohort is mainly explained by a 

C.parapsilosis outbreak that occurred in one of the participating centres during the 

study period. The latter could also account for the overall high invasive candidemia 

incidence in our cohort. In addition, factors that vary between NNUs including 

empiric antibiotic policies, use of cephalosporins, practices around mechanical 

ventilation, central lines and parenteral nutrition and staffing levels may all have an 

impact on the higher observed diseases incidence. 

5.2. Antimicrobial Point Prevalence Survey  

 We report on the first national PPS on antimicrobial use performed in Greek 

NNUs and we provide a snapshot of information about the frequency and 

characteristics of antimicrobial prescribing for the inpatient neonatal population. 

Knowing how and when antimicrobials are used is one of the key elements in 

designing effective stewardship strategies. In the Greek PPS, 40.4 % of inpatients 

were on antibiotics. This is in keeping with the previously reported figure of 44.8% 

for Greece from the ARPEC project in the 2011 international PPS [45] which 

captured data from four NNUs in Greece (96 inpatients). Compared to data collected 

with the same methodology from the neonIN NNUs in the United Kingdom we found 

that there were some differences including a higher proportion of neonates on 

antibiotics (40.4% in Greece versus 22.4% in the UK, p < 0.001) and a higher use of 

glycopeptides and carbapenems in Greece[67]. In the 2012 neonatal PPS data from 

ARPEC project [68] overall 30.3% of inpatients were on antibiotics on the PPS. The 

commonest antibiotic combination used was aminoglycoside with ampicillin (ie broad 
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spectrum penicillin) in West and South Europe, Latin and North America and Asia 

versus aminoglycoside and benzylpenicillin in North Europe, Australia and Africa. 

Our results are, as one might expect, similar to these reported from South Europe. 

With respect though to the use of carbapenems, our percentages resemble more those 

of Asian NICUs participating in the ARPEC PPS. As for the indications for antibiotic 

use, our results were in accordance with the ARPEC PPS with sepsis and empirical 

versus targeted treatment being the more common reasons. Of note, the ARPEC PPS 

questionnaire is very similar to the neonIN PPS questionnaire which makes such 

comparisons more informative. 

The comparison with other neonatal PPS data is somewhat more difficult due 

to different methodologies used and inconsistent reporting. The percentage of 

antibiotic use in our PPS compare to the 35% in a study from Israel [69] (3 month 

prospective survey) and to the 34% in a single hospital Russian PPS [70]. However, a 

small study from Turkey including 45 neonates showed the striking figure of 73% 

[71]. On the other hand, in a nationwide PPS in Australia [72] only 28% of inpatient 

were on antibiotics. In a national PPS of 29 NNUs in the United States, 43% of NICU 

patients were on antimicrobials on the date of the survey [73]. As for the type of 

antibiotics, the most common ones used in our PPS were ampicillin and gentamicin 

which is in accordance not only with the ARPEC PPS but with also with two 

nationwide neonatal drug utilization surveys from North America collecting data 

prospectively from 1996 to 2010 [74].[75]. 

5.3. Antimicrobial Guidelines 

One of the key components  of antimicrobial stewardship interventions is the 

development and implementation of evidence-based antimicrobial prescribing 
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guidelines providing a standard approach to the optimal selection, dosage and 

duration of antimicrobial therapy[27, 76]. There are no national guidelines for 

neonatal sepsis in Greece. In the UK, published NICE guidance is predominantly 

based on the identification of neonates at risk rather but also recommends the use of 

penicillin and gentamicin for empiric therapy of early onset sepsis 

(https://www.nice.org.uk/guidance/cg149). The British National Formulary for 

children (BNFC) guidelines also recommend this combination but offer 

cefotaxime/ampicillin as an alternative for EOS and suggest flucloxacillin/gentamicin 

for empiric therapy of LOS. The NICE guidelines also emphasise the need for intense 

and continuous surveillance as well as close collaboration with the microbiology 

department with the view of choosing the best appropriate regimen and either 

stopping or de-escalating empiric antibiotic regimens in a timely way. The reported 

guidelines in the Greek NNUs compared to the suggested by the BNFC in the UK 

differ mainly upon the broad spectrum of antimicrobials which are recommended for 

LOS in Greece. As for EOS, in the UK benzylpenicillin is more preferable to 

ampicillin. Worryingly some NNUs in Greece recommend cephalosporins for EOS in 

their departmental policy despite the known risks of development of resistant 

pathogens, invasive fungal disease and even mortality [32, 33]. The use of 

cephalosporins is also suggested by other European NNUs for both treatment of EOS 

and LOS [77]. 

Antimicrobial guidelines across Greek NNUs vary significantly, especially for 

LOS, with a variety of antimicrobials in terms of combination and spectrum. This 

variation is not an unexpected finding as it has been previously reported at a national 

level.  In an Australasian nationwide study, LOS guidelines varied widely in contrast 

to EOS regimens [72].  Lutsar et al [78] have also demonstrated in a prospective 

https://www.nice.org.uk/guidance/cg149
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observational study in five European countries that the management of LOS varies 

significantly. More recently Spyridis et al[77] have shown at a wider European level 

(data from 19 countries) that multiple antimicrobials and combinations are used in the 

empiric management of neonatal sepsis. In particular, in this study 20 different 

antimicrobial combinations were used with the variation most evident for LOS. All 

these variations could be partially explained by local epidemiology and antimicrobial 

susceptibility patterns but might also reflect a gap in the presence of evidence-based? 

guidelines. Finally, for antifungal prophylaxis in the NNUs, the administration of 

fluconazole systemically or nystatin orally decreases the risk of invasive fungal 

infections, especially those whose weight is less than 1500 grams and whose 

gestational  age is less than 26 weeks [79-82]. In the Greek NNUs, we have shown a 

variety of indications and types of antifungal prophylaxis and interestingly some 

NNUs do not have any policies at all.  

 

5.4. Development of national guidelines 

This study provides the largest collection of data on the epidemiology of neonatal 

infections as well as the clinical practice regarding antibiotics in Greek NNUs. Such 

data are essential for the development of national Evidence Based National 

Guidelines for neonatal sepsis. For EOS the combination of ampicillin with an 

aminoglycoside or benzylpenicillin with an aminoglycoside appear to be reasonable 

first line choices for empiric antimicrobial cover. Given the low incidence of neonatal 

listeriosis (only one case isolated during the three year study period) and until further 

larger epidemiological data for Greece are available, using benzylpenicillin instead of 

ampicillin is also not unreasonable as there is no evidence that ampicillin is superior 

to ampicillin for Listeria, at least until infection is proven.  
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For LOS, however, the situation is more complicated when considering the 

existing variations of both pathogens and resistance patterns between NNUs. The 

most popular combinations among the Greek neonatologists were: 

piperacillin/tazobactam with a glycopeptide, meropenem with a glycopeptide and 

cephalosporin with a glycopeptide. A few issues here need further discussion. The 

first one is the resistance profile of GNs in Greece which demonstrates that the 

empiric coverage with carbapenems is not unreasonable despite the fact that it further 

exacerbates the pressure on Enterobacteriaceae resistance. Cephalosporins appear not 

to be a useful option given the high resistance rates observed amongst 

Enterobacteriaceae and most importantly due to the well described consequences of 

their use in the NNUs[32, 33]. A suitable alternative is the combination of 

piperaccilin/tazobactam and gentamicin  tazocin/gent combination which provides 

slightly lower coverage than meropenem but covers the most important pathogens 

well, and also ensures that meropenem use can be reserved for those that are resistant. 

The second issue is the empiric coverage with vancomycin for suspected CoNS LOS 

that is widely used in Greece. The BNFC does not recommend empiric cover for 

CoNS despite similar disease incidence in the UK. Equally, in the US some NNUs 

have introduced a guideline for vancomycin prescription only on culture proven 

CoNS infections rather than as an empiric choice and this intervention has 

significantly reduced exposure of newborns to vancomycin without adversely 

affecting short-term patient safety [34]. Finally, for the development of antifungal 

prophylaxis more country and NNU specific data are needed and the most appropriate 

agent (nystatin or fluconazole), target group, and the cost-effectiveness are yet to be 

further investigated. However, due to the high disease incidence observed in our study 

the administration of antifungal prophylaxis to those infants with weight less than 
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1500 grams and whose gestational age is less than 26 weeks should be an essential 

part of the national guidance.  

       

6. Limitations 

With regards to data collection, the main limitation of our study is the voluntary 

reporting of neonatal infection episodes to the neonIN surveillance network and 

therefore data provided may not be complete. In addition, NNUs that consistently 

provide data may be more likely to have structured infection control policies in place 

compared with those which do not. The latter might also reflect their overall 

perception of the importance of the problem and might cause bias in estimating the 

disease burden. Another limitation of our study is the calculation of disease incidence 

using as denominator the number of total admissions rather than more informative 

denominators such as patient-days and central-line days. With regards to the 

antimicrobial utilization in Greek NNUs we followed a standardized methodology 

used previously in the UK and this is one of the major strengths of the study. 

However, we acknowledge that we have not captured data on antimicrobial duration 

and on the appropriateness of the given treatment.  

 

7. Conclusions and future perspectives 

 
  In conclusion, this is the largest collection of data on the epidemiology of 

neonatal infections in Greece. We also report on the largest national PPS performed in 

Greek NNUs on antimicrobial use with simultaneous data collection on antimicrobial 

guidelines and we have identified areas for quality improvement. The interpretation of 

all the above data will assist in the development of evidence-based national guidelines 
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on the management of neonatal sepsis. Moreover, continuous surveillance at a 

national level will facilitate a better understanding of the disease and antibiotic 

resistance burden and monitor the impact of new approaches to prevent and treat these 

important infections. Introduction of antimicrobial stewardship interventions based on 

evidence-based guidelines and local epidemiology patterns are urgently required in 

Greece. 
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C. ABSTRACT 

Background & Aims: Data on the pathogens causing infections in the Neonatal Units 

(NNUs) in Greece are limited and the emergence of multi-drug resistant pathogens is 

an important public health concern. This study aims to describe the epidemiology of 

neonatal infections and the antimicrobial use in Greek NNUs in order to assist in the 

development of Evidence-Based national guidelines for treatment of neonatal sepsis. 

Methods: neonIN is an international web-based infection surveillance network for 

culture proven neonatal infections (www.neonin.org.uk). Data from participating 

Greek NNUs between January 2012 and August 2015 were extracted. Early-onset 

sepsis (EOS) was defined as occurring within 48 hours of birth. Repeated growth of 

the same organism within 7 days was considered to be the same episode. We also 

performed a Point Prevalence Survey (PPS) on antimicrobial use and collected data 

on empiric antimicrobial policies. 

Results: 459 episodes (involving 418 infants) were recorded in 16 NNUs in Greece 

with a median gestational-age of 33.5 (29-38) weeks, median birth-weight of 1910 

(1176-3030) grams and an overall incidence of 50/1000 NNU-admissions.  The 

majority of episodes were Late-Onset Sepsis (413, 90%). Coagulase-negative 

Staphylococci (CoNS) (80%) were the most common Gram-positive organisms 

causing Late-Onset Sepsis and Klebsiella spp (39%) the most common Gram-

negative. Resistance among Enterobacteriaceae to aminoglycoside was 27% 

(46/172), to 3
rd

 generation cephalosporins 34% (48/143) and to carbapenems 7% 

(10/147). The PPS revealed that 196 of 484 (40%) neonates were on antimicrobials. 

High rates and broad spectrum antimicrobial use were generally observed. The survey 

also revealed wide variation in guidelines, especially for LOS. 

http://www.neonin.org.uk/
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Conclusions: This is the largest collection of data on the epidemiology of neonatal 

infections in Greece. Continuous surveillance at a national level will facilitate better 

understanding of the disease and antibiotic resistance burden. The survey on 

antimicrobial use identifies areas for quality improvement. The critical approach of all 

these data will facilitate the introduction of evidence-based guidelines and other 

antimicrobial stewardship interventions which are urgently required. 
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