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Discussion
The research described in this thesis aimed to evaluate various aspects of neonatal infections, 

including reducing antibiotic treatment duration, improving diagnostics, and the impact of 

ward design on colonization with and transmission of multidrug-resistant organisms. 

Reducing antibiotic treatment duration
Antibiotic treatment is a critical component of neonatal care, it is used annually in at least 4000 

infants in the Netherlands for treatment of suspicion of early and late onset neonatal sepsis. 

National and international guidelines are used, in combination with sepsis calculators to identify 

infants at risk based on clinical symptoms and risk factors.1-3 However, these tools do not have 

optimal nor identical sensitivity and specificity and tend to err on the side of caution, given 

that failure to treat an infection promptly and adequately can lead to severe consequences.4,5 

This inevitably leads to overtreatment, given that only 1 out of 50 to 100 neonates treated with 

antibiotics eventually has a culture-proven early-onset sepsis, see Figure 1.6,7

Figure 1. Overtreatment in infants with early onset sepsis. Adapted from Stocker et al.6 
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Given this scenario, once antibiotics are initiated, ongoing assessment is crucial to determine the 

necessity of continued treatment. The first chapters (Chapters 2 and 3) of this thesis presented 

findings regarding the evaluation timepoint of stopping antibiotics. At 24 hours after onset of a 

suspected infection, a combination of blood culture results, CRP and clinical signs of infection 

could safely rule out culture proven early onset neonatal sepsis, whereas a combination of blood 

culture results and CRP could rule out culture proven late onset neonatal sepsis. 

Various studies employed different optimal timepoints at which the decision to discontinue 

antibiotic treatment can be made.8,9 Whether this timepoint is at 24 or 36 hours after the 

suspicion of an infection, the crucial aspect is that this evaluation moment is consistently 

present at an early stage in every case where an infant is suspected of having an infection. 

Successful implementation of evaluation timepoints, ensuring ongoing assessment throughout 

the duration of antibiotic treatment, holds the potential not only to streamline antibiotic 

usage, but also to reduce hospitalization duration in a subset of infants. Additionally, there are 

new developments that enable children with neonatal infection to complete their antibiotic 

treatment at home, either intravenously or orally.10

Moreover, the impact of a shorter antibiotic duration extends beyond the immediate clinical 

realm. Evidence suggests that a briefer course of antibiotics results in less disruption to the newly 

developing microbiome in neonatal patients.11,12 This reduction in microbial disturbance is vital 

for maintaining the delicate balance of the microbiota and may have long-term implications 

for the child’s health. In addition, less antibiotic exposure for patients in the neonatal intensive 

care unit (NICU), might reduce the development of antibiotic resistance and outbreaks with 

drug resistant microbes. As we strive for a more judicious use of antibiotics, another crucial 

consideration is identifying the least harmful antibiotic options. Evaluating the safety profiles of 

different antibiotics in neonatal populations is essential to minimize adverse effects and long-

term consequences. Future research should delve deeper into determining which antibiotics 

pose the least harm while maintaining efficacy.13

Improving diagnostics 
The landscape of diagnostic techniques has seen significant advancements with the integration 

of metagenomic next-generation sequencing (mNGS) in the modern micro-biological 

laboratory. In Chapter 4 the advantage of a culture-free, broad-range 16S rRNA gene next-

generation sequencing platform is shown in infants with suspicion of bacterial meningitis. The 

platform detected and identified bacteria present within cerebrospinal fluid (CSF) samples 

that were not always identified using conventional bacterial culture methods, supporting the 

clinical diagnosis of meningitis. Alternatively, the platform confirmed the absence of 16S rRNA 

gene copies in culture-negative samples, making the diagnosis of meningitis even less likely. 

This would facilitate the decision to discontinue antibiotics for a presumed case of meningitis. 
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Currently applied to CSF samples, this technology presents opportunities for expansion, 

including the potential analysis of blood samples and the exploration of viral pathogens in 

neonatal infections.14

mNGS has the potential advantage of enabling broad detection of all pathogens; identifying 

not only bacteria, but also viruses, fungi, and difficult-to-culture bacteria. Furthermore, it is 

not only possible to demonstrate the presence of bacteria, but it also provides insights into 

relevant properties, including the susceptibility of the identified bacteria to antibiotics, for 

instance, through the detection of resistance genes. However, one of the primary challenges for 

wider adoption of mNGS is the optimization of the turn-around time. Enhancing the efficiency 

of sample processing, sequencing, and data analysis is essential to make mNGS a more practical 

and more timely diagnostic tool, especially in acute clinical settings. The economic feasibility of 

implementing mNGS is a critical factor for its integration into routine diagnostics. Identifying 

ways to reduce costs associated with reagents, equipment, and data analysis will contribute to 

making mNGS more accessible and widely applicable. 

Prevention of transmission
A detailed epidemiological overview of hospital acquired neonatal infections in our facility 

is provided in Chapter 5, revealing that nearly 1 out of 5 prematurely born infants acquires 

one or more episodes of nosocomial bloodstream infections during admission to the NICU. 

Benchmarking this data could facilitate the evaluation of potential interventions aimed at 

reducing the incidence of hospital-acquired infections, particularly line-associated infections. 

Among the infants in our NICU, a colonization rate of 3.2% with multidrug-resistant organisms 

(MDRO) has been observed. The transition from an open bay unit to single room units (SRU) 

did not yield a reduction in the prevalence of this colonization (Chapter 6). In addition, the 

transition to single room units did not reduce the number of cgMLST proven clusters of MDRO 

with an epidemiological link, suggesting that nursing infants in SRU is not protective against 

MDRO-acquisition (Chapter 7). 

As ward design was not helping in minimizing the spread of MDRO in our study, other 

options are to be considered. While the prevalence of MDRO carriage in our NICU is relatively 

low, understanding the specific risks of acquiring MDRO are essential. Identifying these risk 

factors early on presents an opportunity to proactively manage potential challenges. Both 

the hospital environment (NICU) and healthcare workers contribute to the acquisition and 

subsequent transmission of MDROs. Furthermore, caregivers also constitute a source of MDRO 

carriage. Screening of mothers, fathers, and other caregivers with risk factors, such as a history 

of international travelling during or just before pregnancy, could provide valuable insights. 

This becomes especially pertinent in pregnancies where there is an increased likelihood of 

premature birth and thus admission to the NICU, as seen in multiples or infants with intrauterine 
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abnormalities. Awareness of parental MDRO carriage allows healthcare providers to tailor 

infection prevention strategies and provide timely and targeted interventions. This anticipatory 

approach ensures that, from the onset, infants born to parents with MDRO carriership receive 

optimal and tailored treatment in the event of an infection. While early identification of MDRO 

carriage in parents offers clinical advantages, it is imperative to acknowledge and address 

the potential psychosocial impact. Communicating such information to parents requires 

sensitivity, taking into account the psychological effects of knowing their carrier status and 

the subsequent management of their child. Balancing the clinical benefits with the emotional 

well-being of the parents is crucial in implementing effective and ethical screening strategies. 

In the pursuit of innovative infection prevention strategies in the NICU, it is essential to consider 

alternative options. One promising option is the reinforcement of the neonatal microbiome 

as a preventive measure against MDRO. Administering probiotics, for instance, offers a means 

to bolster the microbiome, potentially creating an environment less conducive to MDRO 

colonization in the gastrointestinal tract.15 This approach seeks to manipulate the microbial 

balance to limit opportunities for MDROs to establish residence in the neonatal gut. Probiotics 

contribute to a reduction in the incidence of necrotizing enterocolitis in neonates and may 

potentially decrease the occurrence of sepsis; however, they do not lead to a decrease in the 

number of line infections.16-18 Further research is necessary to assess whether administration of 

probiotics may result in a reduction of sepsis caused by antibiotic-resistant bacteria.

Conclusions
At present, too many infants are receiving prolonged courses of antibiotics. In the future, 

improvement is both possible and necessary. This can be accomplished by implementing 

evaluation timepoints at an early stage and discontinuing antibiotics where feasible. The 

discontinuation of antibiotics can be facilitated by the development and implementation of 

testing methods such as mNGS, which can provide increased certainty in detecting or ruling 

out an infection. Furthermore, the number of children with an MDRO infection must be 

further limited by continuous optimization of infection prevention measures. This thesis has 

contributed to the reduction of antibiotic treatment duration in infants suspected of neonatal 

sepsis in the NICU and has provided insight that physical barriers around a patient do not shield 

the patient from acquiring MDRO carriage.
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Recommendations for future research:

1.	 Reducing antibiotic treatment duration: 

•	 Further investigation is needed to optimize and standardize the evaluation timepoints 

for discontinuing antibiotics in neonatal cases. This includes exploring alternative 

biomarkers and assessing the safety profiles of different antibiotics, aiming for a more 

judicious and effective use of antibiotics in neonatal populations.

2.	 Improving diagnostics:

•	 Future research should focus on optimizing turn-around time for mNGS to make it 

a more practical and timely diagnostic tool in acute clinical settings. Additionally, 

economic feasibility should be addressed by identifying ways to reduce costs 

associated with reagents, equipment, and data analysis, making mNGS more 

accessible and applicable in routine diagnostics.

3.	 Prevention of transmission:

•	 Given the limited impact of ward design on MDRO transmission, alternative strategies 

are needed. Screening parents and caregivers, particularly those with risk factors, 

should be considered to identify potential carriers and implement tailored infection 

prevention strategies.
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