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Abstract: The threshold for a late-onset sepsis (LOS) evaluation varies considerably across NICUs.
This unexplained variability is probably related in part to physician bias regarding when sepsis
should be “ruled out”. The aim of this study is to determine if physician characteristics (race, gender,
immigration status, years of experience and academic rank) effect LOS evaluation in the NICU. This
study includes a retrospective chart review of all Level III NICU infants who had a LOS evaluation
over 54 months. Physician characteristics were compared between positive and negative blood
culture groups and whether CBC and CRP were obtained at LOS evaluations. There were 341 LOS
evaluations performed during the study period. Two patients were excluded due to a contaminant.
Patients in this study had a birth weight of [median (Q1, Q3)]+ 992 (720, 1820) grams and birth
gestation of [median (Q1, Q3)] 27¢/7 (25%/7, 33%/7) weeks. There are 10 neonatologists in the group,
5/10 being female and 6/10 being immigrant physicians. Experienced physicians were more likely to
obtain a CBC at the time of LOS evaluation. Physician characteristics of race, gender and immigration
status impacted whether to include a CRP as part of a LOS evaluation but otherwise did not influence
LOS evaluation, including the likelihood of bacteremia.

Keywords: late-onset sepsis; neonatal sepsis; late-onset sepsis screening; physician characteristics;
physician bias

1. Introduction

Despite advances in neonatal care, late-onset sepsis (LOS) remains a significant cause
of morbidity and mortality among neonates [1-5]. Surviving infants affected by LOS are at
an increased risk of adverse neurodevelopmental outcomes including hearing loss, cerebral
palsy, visual impairment, and cognitive delays [2,4,6-9]. Timely and accurate evaluations
of neonates with potential sepsis in the neonatal intensive care units (NICU) are crucial for
improving outcomes.

The incidence of LOS ranges from 2% to 5% of all NICU admissions and can be
as high as 10% to 30% in very low birth weight (VLBW) infants [3,10]. LOS is defined
as a positive blood culture in sepsis evaluation conducted more than 72 h after birth.
Early recognition and diagnosis of LOS remain challenging, as the signs and symptoms of
sepsis in neonates can vary and often can be subtle or nonspecific, despite their potentially
serious consequences [11,12]. Presentation of LOS in neonates includes, but is not limited to,
respiratory signs (apnea, desaturations, increase in work of breathing), lethargy, tachycardia,
feeding intolerance, and temperature instability. The severity of the illness can range from
mild signs to critical illness involving severe organ dysfunction and potential multiorgan
failure [11,13]. A LOS evaluation can be influenced by patient characteristics and physician
characteristics in addition to patients” symptoms. The effect of physician characteristics on
clinical decision making has not been studied in neonates.
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Approximately 67 to 83% of LOS evaluations are associated with a negative blood
culture [10,14]. It is not uncommon for an infant to undergo evaluation for suspected
sepsis and receive empiric antibiotics for 36 to 48 h while sepsis is being “ruled out”.
There is evidence that even brief exposure to antibiotics in the newborn period can alter
intestinal microbiota with potentially long-term health implications, with an increase in
risk of necrotizing enterocolitis and antibiotic resistance [15-17]. Implications of exposure
to antibiotics in neonatal period include wheezing and allergies in later childhood, obesity,
and inflammatory bowel diseases [18-21].

Late-onset sepsis usually involves diverse pathogens from various sites (blood, skin
and soft tissue, GI tract, urinary tract, and lung) compared to early-onset sepsis (EOS) from
most prevalent bacteria (Escherichia coli, Group B Streptococcus (GBS), or Listeria) [22]. The
guidelines for the management of EOS have consistently demonstrated efficacy in reducing
the severity of morbidity of EOS [23]. Conversely, similar evidence-based guidelines for
the management of LOS in neonatal intensive care units are lacking, likely due to larger
regional variability in pathogens causing LOS. A physician survey in 2002 showed that
CBC is ordered in 99% and CRP in 32% of all LOS evaluations, with similar trends seen
in an EOS evaluation survey in 2017 [24,25]. The role of laboratory tests like C-reactive
protein (CRP), complete blood count (CBC), interleukins (IL), and procalcitonin for the
diagnosis of LOS is questionable due to the poor positive predictive value of these tests.
This emphasizes the clinical judgment of clinicians in making a diagnosis of LOS [26-29].

Currently, there is no consensus on a standardized criterion for LOS evaluation, and
the role of inflammatory markers in LOS evaluation is questionable. Therefore, LOS
evaluations heavily rely on the physician’s discretion and can vary depending on the
interpretation of the symptoms, leading to subjective bias and potential variations in
diagnostic practice. Physician characteristics, such as experience, expertise, and clinical
judgment, may play a critical role in LOS diagnosis and management. However, the impact
of these physician-specific factors on LOS evaluation remains poorly understood. Previous
research has identified considerable practice variation among neonatologists in managing
suspected neonatal sepsis in the NICU [30]. Nevertheless, physician characteristics have
not been explored, specifically in the context of LOS evaluation in the NICUs. This study
was conducted to investigate the impact of physician characteristics on evaluations for
LOS in the NICU and to shed light on potential variations in diagnostic practices and
management decisions.

We believe that understanding the impact of physician characteristics on evaluations
for late-onset sepsis in the NICU is crucial for optimizing clinical decision making and
improving patient outcomes. Our study aims to bridge the existing knowledge gap by
exploring the association between physician characteristics and the diagnostic process for
LOS in the NICU setting.

2. Methods
2.1. Study Design

This retrospective chart review aimed to investigate the impact of physician char-
acteristics (race, gender, immigration status, years of experience and academic rank) on
evaluations for late-onset sepsis (LOS) in a Level III NICU. Given the potential variation in
the medical practices among physicians from different backgrounds and places of physi-
cian training, we included the immigration status to explore its impact on the diagnosis of
LOS. Each physician characteristic was compared between three groups: 1. Blood culture
positive and negative group; 2. CRP carried out/not carried out at LOS evaluation, and
3. CBC carried out/not carried out at LOS evaluation.

2.2. Study Population

The study included all NICU patients with suspected LOS who had a blood culture
obtained at more than 72 h of life in a 56-bed Level III NICU (with more than 800 annual
admissions and with an average daily census of 41). As policy in our unit, a blood culture
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is carried out in all suspected cases of LOS prior to initiation of antibiotics. Even though we
have midlevel trainees and providers in our unit, the final decision to do a LOS evaluation
is carried out by a neonatologist. We have 24/7 an in-house neonatologist in our NICU.
Data were collected from March 2018 to September 2022.

Infants who had received any antibiotics prior to LOS evaluation were excluded from
the study. LOS was defined as a positive blood culture at more than 72 h of age that was not
considered a contaminant. A blood culture was determined as a contaminant when it grew
skin commensal bacteria (coagulase-negative Staphylococcus being the most common) and
based on a physician’s clinical decision to stop antibiotics in less than 5 days. Contaminants
were excluded from the study, as we did not want them to affect our analysis of correlation
of physician characteristics and a true positive blood culture. For neonates with multiple
LOS evaluations, each sepsis evaluation was considered a separate event for the purpose of
this study.

The study protocol was approved by the local Institutional Review Board, with the
waiver of consent due to the retrospective nature of this study.

2.3. Data Collection

Physician characteristics were collected, including years of experience, gender, race,
immigration status, and academic rank. To ensure confidentiality, physician names and
identities were not disclosed. Study investigator HP (a resident), along with BT (a medical
student), collected the physicians’ information. Other physicians involved in the study were
blinded to physician identities. The determination of which physician did LOS evaluation
was based on physician note in regard to LOS evaluation, and in the absence of a physician
note, a nursing documentation of communications with the physician and on-call roster
was used to determine the physician who carried out the LOS evaluation.

For each case, the following variables were collected: patient characteristics (gender,
weight, and gestational age at birth), signs and symptoms of sepsis, blood culture results,
laboratory parameters CBC, CRP, and duration of antibiotic use.

2.4. Statistical Analysis

Statistical analysis was performed using the Stata software version 14 (Collage Station,
TX, USA). A comparison was made between the positive and negative blood culture groups
in LOS evaluations for each physician characteristic. We also examined whether physician
characteristics were associated with the decision to perform CBC and CRP tests during
LOS evaluations.

The Fisher exact test was used to compare the positive blood culture group with
the negative blood culture group for categorical variables, while the Mann-Whitney test
was used for continuous variables. Continuous variables were reported as medians, and
categorical variables were reported as percentages. Statistical significance was defined as a
p-value less than 0.05.

2.5. Patient Participation Statement

Patients or their legal guardians were not involved in the design, recruitment, or
conducting of the study, as this is a retrospective study.

3. Results

During the 56-month study from March 2018 to September 2022, there were 3460 ad-
missions to the NICU, of whom 341 (10%) underwent a LOS evaluation, of which 52 (15.2%
of LOS evaluations; 1.5% of all NICU admissions) had a positive blood culture. Two
patients with positive cultures were excluded, as they were determined to be contaminants.

The median (interquartile range) values for birth weight (BW) and gestational age
(GA) at birth for patients who underwent a LOS evaluation were 992 (720, 1820) grams and
276/7 (252/7, 330/7) weeks, respectively. The median (interquartile range) weight at LOS
evaluation was 1762.5 (1000, 2865) grams. The median (interquartile range) post-menstrual
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age (PMA) at LOS evaluation was 3347 (299/7383/7) weeks, and the median (interquartile
range) age was 22 (10, 45) days (Table 1).

Table 1. Patient characteristics at LOS evaluation.

Patient Characteristics Median (Q1, Q3)
Birth weight 992 (720, 1820)
Gestational age at birth 276/7 (25%/7, 33)
Weight at LOS evaluation 1762.5 (1000, 2865)
Post-menstrual age at LOS evaluation 3347 (290/7_383/7)
Day of life at LOS evaluation 22.0 (10.0, 45.0)

There were 10 neonatologists in the group, of whom half were female. Six physicians
were immigrants from four different countries. Four physicians were from the USA,
three were Indian, one Haitian, one Colombian, and one was Lebanese (5/10 female,
6/10 immigrants, and 3/10 were white physicians). The academic ranks for the eight
neonatologists at the beginning of the study were as follows: four assistant professors and
four associate professors. By the end of the study, the neonatologist group increased to ten,
and the distribution had changed to three assistant professors, four associate professors,
and three professors. The range of years of experience among the physicians was from 1 to
18 years.

The nine common indications for LOS evaluation were abdominal distention (9%),
increase in respiratory support (25%), significant respiratory distress/apnea needing intu-
bation (14%), tachycardia (3%), fever (3%), lethargy (6%), recurrent apnea/bradycardia/
desaturations (25%), bloody stools (5%), and soft-tissue infections (10%). Other indications
were less common, and some patients had multiple indications.

Among the 339 total cases included in the study, 324 (95.6%) had a CBC performed
during LOS evaluation (Table 2). There were no significant differences in obtaining CBC as
part of LOS evaluations based on physician race (p = 0.540), gender (p = 0.999), immigration
status (p = 0.078), and academic rank (p = 0.468). However, there was a statistically
significant association between years of experience and CBC ordering at LOS evaluation
(p = 0.045) (median experience when CBC was obtained was 10 years compared to 6 years
when CBC was not obtained).

Table 2. Physician characteristics and association with obtaining a CBC at time of LOS evaluation.

. . . Yes No Total
Physician Characteristics (n = 324) (1 = 15) (N = 339) p-Value
White 79 (94.0%) 5 (6.0%) 84
Race Non-white 245 (96.1%) 10 (3.9%) 255 0.540
Male 170 (95.5%) 8 (4.5%) 178
Gender Female 154 (95.7%) 7 (4.3%) 161 0.999
Years of experience Median (Q1, Q3) 10 (4, 13) 6(2,11) 10 (4, 13) 0.045 *
. . Non-immigrant 93 (92.1%) 8 (7.9%) 101
Immigration status Immigrant 231 (97.1%) 7 (2.9%) 238 0.078
Assistant Professor 123 (93.9%) 8 (6.1%) 131
Academic rank Associate Professor 188 (96.4%) 7 (3.6%) 195 0.468
Professor 13 (100%) 0 (0%) 13

* p < 0.05 was considered as statistically significant.

Out of the 339 cases, 174 (51.3%) had a CRP test performed during the LOS evaluation.
There was a significant association between physician race and CRP testing (p = 0.006),
with a higher proportion of non-white physicians ordering CRP tests. Gender also showed
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a significant association with CRP ordering (p < 0.001), as more male physicians ordered
CRP tests compared to their female counterparts. Immigration status was found to be
significantly associated with CRP testing (p < 0.001), with a higher proportion of immigrant
physicians ordering CRP tests. No significant association was found for years of experience
and academic rank in regard to ordering CRP at LOS evaluation (p > 0.05) (Table 3).

Table 3. Physician characteristics and association with obtaining a CRP at time of LOS evaluation.

. . . Yes No Total
Physician Characteristics (1 = 174) (1 = 165) (N = 339) p-Value
White 32 (38.0%) 52 (62.0%) 84 .
Race Non-white 142 (55.7%) 113 (44.3%) 255 0.006
Male 109 (61.2%) 69 (38.8%) 178
Gender Female 65 (40.3%) 96 (59.7%) 161 <0.001*
Years of experience Median (Q1, Q3) 10 (4, 13) 9 (5, 14) 10 (4, 13) 0.797
. . Non-immigrant 36 (35.6%) 65 (64.4%) 101
Immigration status Immigrant 138 (58.0%) 100 (42.0%) 238 <0.001%
Assistant Professor 61 (46.5%) 70 (53.5%) 131
Academic rank Associate Professor 106 (54.3%) 89 (45.7%) 195 0.405
Professor 7 (53.8%) 6 (46.2%) 13

* p < 0.05 was considered as statistically significant.

Out of the 339 cases, 52 (15.3%) had a positive blood culture. Two patients were
excluded, as the blood cultures were determined as contaminants (which grew coagulase-
negative Staphylococcus and antibiotics were given for less than 5 days by treating physi-
cian). The following organisms grew in the positive cultures: 22 coagulase-negative Staphy-
lococcus (44%), 7 Staphylococcus aureus (14%), 4 Escherichia coli (8%), 1 Pseudomonas
aeruginosa (2%), 6 Klebsiella pneumoniae (12%), 2 Enterococcus faecalis (4%), 6 Group B
Streptococcus (12%) and 2 methicillin-resistant Staphylococcus aureus (MRSA) (4%). There
were no significant differences seen in the likelihood of a positive blood culture based on
physician race (p = 0.728), gender (p = 0.547), years of experience (p = 0.914), immigration
status (p = 0.999), or academic rank (p = 0.764) (Table 4).

Table 4. Physician characteristics and association with a positive blood culture with LOS evaluation.

Positive Negative Total

Physician Characteristics (1 = 52) (1 = 287) (N = 339) p-Value
R White 14 (16.6%) 70 (83.4%) 84 0728
ace Non-white 38 (14.9%) 217 (85.1%) 255 :
Male 25 (14.0%) 153 (86%) 178
Gender Female 27 (16.8%) 134 (83.2%) 161 0.547
Years of experience Median (Q1, Q3) 9(5.5,12) 10 (4, 13) 10 (4, 13) 0.914
. . Non-immigrant 15 (14.8%) 86 (85.2%) 101
Immigration status Immigrant 37 (15.5%) 201 (84.5%) 238 0.999
Assistant Professor 19 (14.5%) 112 (85.5%) 131
Academic rank Associate Professor 32 (16.4%) 163 (83.6%) 195 0.764
Professor 1(7.7%) 12 (92.3%) 13

4. Discussion

Late-onset sepsis remains a significant concern in NICUs despite advancements in
neonatal care, with potential adverse neurodevelopmental outcomes [2,4,6-9]. The lack
of guidelines for LOS evaluation puts the onus on physicians to make the decision and
increase the potential variation in practice. There is evidence of racial and ethnic disparity
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in quality of care in the NICU [31] but there is no available literature looking at physician
characteristics at LOS evaluation.

A study in adult patients carried out by Reid et al. showed that few characteristics of
individual physicians were associated with higher performance on measures of quality, and
associations were small in magnitude [32]. Tussing and Worrowycz found in their study
in 1993 that physician characteristics like experience, US or foreign medical graduation,
gender, board certification and professional appointment affect Cesarean section rates
and rates of dystocia and fetal distress [33]. On the other hand, a physician survey on
implementation of practice guidelines has shown a positive impact on their practice in
recent graduates, women and minorities [34].

This study aimed to investigate the impact of physician characteristics on evaluations
for LOS and to shed light on diagnostic practice variations. This study found that physician
characteristics had a varying influence on the diagnostic process for LOS. One important
aspect examined in this study was the use of diagnostic tools, specifically the ordering of
CBC and CRP tests at LOS evaluations. It is reported in the literature that 99% and 95%
of physicians obtain CBC as part of EOS and LOS evaluations, respectively [24,25]. This
study showed that years of experience significantly influenced the ordering of CBC tests,
with more CBC ordered by physicians who had been in practice for a longer time. This
finding needs to be further substantiated in a larger study and with physician interviews
to evaluate factors that influence their decision making. One likely reason for this could
be the emerging evidence questioning the role of CBC in LOS evaluations. The analysis
also revealed a significant association between physician characteristics and the ordering of
CRP tests during LOS evaluation. Non-white physicians, male physicians, and immigrant
physicians were more likely to order CRP tests compared to their counterparts. These
findings highlight variations in diagnostic practices based on physician characteristics,
which may have implications for resource use and patient management. With recent
publications questioning the utility of CRP in LOS evaluation, there is scope for unifying
physician practice with national guidelines for screening LOS [29,35].

This study did not find significant differences in the association between any of the
physician characteristics and the likelihood of a positive blood culture in LOS evaluations.
This suggests that physician characteristics may influence the use of diagnostic tools, such
as CBC and CRP tests, at LOS evaluations but do not strongly affect the identification of
infants who are at risk for late-onset bacteremia, again questioning the utility of CBC and
CRP in routine LOS evaluation.

This study was not intended to look at patient factors affecting physician decision
making for LOS evaluation. The following are the limitations of this study: (1) This study
was retrospective, relying on chart reviews and collected data. Prospective studies with
larger sample sizes and more diverse populations are needed to validate and generalize
these findings. (2) This study was conducted in a single NICU with only 10 neonatologists,
which may limit the generalizability of the results to other settings. (3) A physician’s
intention in ordering CBC and CRP was not evaluated, as this is a retrospective study.
A prospective study with a physician questionnaire is needed to address this limitation.
(4) Each physician’s variation in LOS evaluation was not analyzed, as each LOS assessment
was treated as an independent event. This could be addressed with a large dataset of
physicians, so that individual physician LOS evaluations can be compared at different
periods (based on years of experience or academic rank). (5) The impact of lawsuits on
physician decision making has not been evaluated in this study, as we felt physicians would
be uncomfortable answering questions related to lawsuits. This is a contentious topic to
be addressed in research, and an anonymous survey needs to be conducted to address
this issue. A multi-center study involving NICUs with distinctive characteristics would
provide a more comprehensive understanding of the impact of physician characteristics on
LOS evaluations.

Addressing variation in LOS evaluation between physicians can help with the antibi-
otic stewardship effort in the NICU. Moving forward, it is essential to explore innovative
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approaches to enhance the diagnostic process and improve patient outcomes in late-onset
sepsis evaluations. Earlier detection of pathogens by rapid nucleic acid-based identification
tests, like peptide nucleic acid—-fluorescence in situ hybridization molecular stains (PNA-
FISH) and PCR-based tests by analysis of their DNA by polymerase chain reaction (PCR),
will yield faster results with higher sensitivity with potential for decreasing variation in
physician LOS evaluations [36,37]. Modern technologies, such as artificial intelligence
(Al), hold promise in this regard. Al algorithms can analyze large volumes of patient data,
including clinical signs, laboratory results, and imaging findings, to assist physicians in
early and accurate diagnosis [38]. By integrating Al tools into the diagnostic workflow,
healthcare providers can benefit from improved efficiency and decision support, leading
to better detection and management of late-onset sepsis while decreasing the influence of
physician characteristics [39].

5. Conclusions

Our study showed that physician characteristics, such as years of experience, gender,
race, and immigration status, influence the diagnostic process for late-onset sepsis in the
NICU. However, no significant associations were found between physician characteristics
and the presence of a positive blood culture. These findings emphasize the complexity
of LOS evaluations and the need for standardized protocols to ensure consistent and
accurate diagnoses.

Author Contributions: H.R.P. and V.5S.M. conceptualized and designed the study, were also involved
in data acquisition, analysis, and interpretation. B.T. was involved in data acquisition. A.B. conducted
data analysis. H.R.P. and V.5.M. conducted the literature search and drafted the manuscript. H.R.P,
M.FA., G.D., BJ.B. and V.S.M. critically revised the manuscript for important intellectual content. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Southern Illinois University School of
Medicine (Protocol code 14-181 and date of approval: 11 September 2022).

Informed Consent Statement: Patient consent was waived due to due to the retrospective nature of
this study.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author. If warranted, raw deidentified
data supporting the conclusions of this article may be made available by the authors on request.

Acknowledgments: We gratefully acknowledge the contributions of Erin Bauer, from the Center for
Clinical Research at Southern Illinois University School of Medicine for her valuable time helping
with IRB proposal.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Stoll, B.J.; Hansen, N.; Fanaroff, A.A.; Wright, L.L.; Carlo, W.A.; Ehrenkranz, R.A.; Lemons, J.A.; Donovan, E.F; Stark, AR,;
Tyson, ].E.; et al. Late-onset sepsis in very low birth weight neonates: The experience of the NICHD Neonatal Research Network.
Pediatrics 2002, 110, 285-291. [CrossRef] [PubMed]

Shah, J.; Jefferies, A.L.; Yoon, EW.; Lee, S.K.; Shah, P.S. Risk Factors and Outcomes of Late-Onset Bacterial Sepsis in Preterm
Neonates Born at <32 Weeks” Gestation. Am. J. Perinatol. 2015, 32, 675-682. [CrossRef] [PubMed]

Fanaroff, A.A.; Korones, S.B.; Wright, L.L.; Verter, J.; Poland, R.L.; Bauer, C.R.; Tyson, J.E.; Philips, J.B.I,; Edwards, W,;
Lucey, ].E; et al. Incidence, presenting features, risk factors and significance of late onset septicemia in very low birth weight
infants. Pediatr. Infect. Dis. ]. 1998, 17, 593-598. [CrossRef] [PubMed]

Mitha, A.; Foix-L'Hélias, L.; Arnaud, C.; Marret, S.; Vieux, R.; Aujard, Y.; Thiriez, G.; Larroque, B.; Cambonie, G.; Burguet, A.; et al.
Neonatal infection and 5-year neurodevelopmental outcome of very preterm infants. Pediatrics 2013, 132, e372—-e380. [CrossRef]
[PubMed]

Stoll, B.J.; Hansen, N.I.; Adams-Chapman, L; Fanaroff, A.A.; Hintz, S.R.; Vohr, B.; Higgins, R.D. Neurodevelopmental and growth
impairment among extremely low-birth-weight infants with neonatal infection. Jama 2004, 292, 2357-2365. [CrossRef]


https://doi.org/10.1542/peds.110.2.285
https://www.ncbi.nlm.nih.gov/pubmed/12165580
https://doi.org/10.1055/s-0034-1393936
https://www.ncbi.nlm.nih.gov/pubmed/25486288
https://doi.org/10.1097/00006454-199807000-00004
https://www.ncbi.nlm.nih.gov/pubmed/9686724
https://doi.org/10.1542/peds.2012-3979
https://www.ncbi.nlm.nih.gov/pubmed/23878051
https://doi.org/10.1001/jama.292.19.2357

Healthcare 2024, 12, 845 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dong, Y.; Glaser, K.; Speer, C.P. Late-onset sepsis caused by Gram-negative bacteria in very low birth weight infants: A systematic
review. Expert. Rev. Anti. Infect. Ther. 2019, 17, 177-188. [CrossRef] [PubMed]

Kostlin-Gille, N.; Hértel, C.; Haug, C.; Gopel, W.; Zemlin, M.; Miiller, A.; Poets, C.E; Herting, E.; Gille, C. Epidemiology of Early
and Late Onset Neonatal Sepsis in Very Low Birthweight Infants: Data From the German Neonatal Network. Pediatr. Infect. Dis. ].
2021, 40, 255-259. [CrossRef] [PubMed]

van der Ree, M,; Tanis, ].C.; Van Braeckel, K.N.; Bos, A.F,; Roze, E. Functional impairments at school age of preterm born children
with late-onset sepsis. Early Hum. Dev. 2011, 87, 821-826. [CrossRef] [PubMed]

Hentges, C.R.; Silveira, R.C.; Procianoy, R.S.; Carvalho, C.G.; Filipouski, G.R.; Fuentefria, R.N.; Marquezotti, F,; Terrazan, A.C.
Association of late-onset neonatal sepsis with late neurodevelopment in the first two years of life of preterm infants with very low
birth weight. J. Pediatr. (Rio. ].) 2014, 90, 50-57. [CrossRef]

Das, A.; Shukla, S.; Rahman, N.; Gunzler, D.; Abughali, N. Clinical Indicators of Late-Onset Sepsis Workup in Very Low-Birth-
Weight Infants in the Neonatal Intensive Care Unit. Am. |. Perinatol. 2016, 33, 856-860. [CrossRef]

Sullivan, B.A.; Nagraj, V.P; Berry, K.L.; Fleiss, N.; Rambhia, A.; Kumar, R.; Wallman-Stokes, A.; Vesoulis, Z.A.; Sahni, R,;
Ratcliffe, S.; et al. Clinical and vital sign changes associated with late-onset sepsis in very low birth weight infants at 3 NICUs.
J. Neonatal. Perinat. Med. 2021, 14, 553-561. [CrossRef] [PubMed]

Kim, F; Polin, R.A.; Hooven, T.A. Neonatal sepsis. Brj 2020, 371, m3672. [CrossRef] [PubMed]

Coggins, S.A.; Glaser, K. Updates in Late-Onset Sepsis: Risk Assessment, Therapy, and Outcomes. NeoReviews 2022, 23, 738-755.
[CrossRef] [PubMed]

Okascharoen, C.; Hui, C.; Cairnie, J.; Morris, A.M.; Kirpalani, H. External validation of bedside prediction score for diagnosis of
late-onset neonatal sepsis. J. Perinatol. 2007, 27, 496-501. [CrossRef] [PubMed]

Greenwood, C.; Morrow, A.L.; Lagomarcino, A.].; Altaye, M.; Taft, D.H.; Yu, Z.; Newburg, D.S.; Ward, D.V.; Schibler, K.R. Early
empiric antibiotic use in preterm infants is associated with lower bacterial diversity and higher relative abundance of Enterobacter.
J. Pediatr. 2014, 165, 23-29. [CrossRef] [PubMed]

Wang, Y.; Hoenig, ].D.; Malin, K.J.; Qamar, S.; Petrof, E.O.; Sun, J.; Antonopoulos, D.A.; Chang, E.B.; Claud, E.C. 165 rRNA
gene-based analysis of fecal microbiota from preterm infants with and without necrotizing enterocolitis. ISME ]. 2009, 3, 944-954.
[CrossRef] [PubMed]

Yu, L.C,; Shih, Y.A; Wu, L.L.; Lin, Y.D.; Kuo, W.T,; Peng, WH.; Lu, K.S.; Wei, 5.C.; Turner, ].R.; Ni, Y.H. Enteric dysbiosis promotes
antibiotic-resistant bacterial infection: Systemic dissemination of resistant and commensal bacteria through epithelial transcytosis.
Am. ]. Physiol. Gastrointest. Liver Physiol. 2014, 307, G824-G835. [CrossRef] [PubMed]

Bailey, L.C.; Forrest, C.B.; Zhang, P; Richards, T.M.; Livshits, A.; DeRusso, P.A. Association of antibiotics in infancy with early
childhood obesity. JAMA Pediatr. 2014, 168, 1063-1069. [CrossRef] [PubMed]

Alm, B.; Goksor, E.; Pettersson, R.; Mollborg, P; Erdes, L.; Loid, P.; Aberg, N.; Wennergren, G. Antibiotics in the first week of life
is a risk factor for allergic rhinitis at school age. Pediatr. Allergy Immunol. 2014, 25, 468-472. [CrossRef] [PubMed]

Alm, B; Erdes, L.; Mollborg, P; Pettersson, R.; Norvenius, S.G.; Aberg, N.; Wennergren, G. Neonatal antibiotic treatment is a risk
factor for early wheezing. Pediatrics 2008, 121, 697-702. [CrossRef]

Agrawal, M.; Sabino, J.; Frias-Gomes, C.; Hillenbrand, C.M.; Soudant, C.; Axelrad, J.E.; Shah, S.C.; Ribeiro-Mourao, F; Lambin, T.;
Peter, I; et al. Early life exposures and the risk of inflammatory bowel disease: Systematic review and meta-analyses. EClini-
calMedicine 2021, 36, 100884. [CrossRef] [PubMed]

Stoll, B.J.; Hansen, N.; Fanaroff, A.A.; Wright, L.L.; Carlo, W.A.; Ehrenkranz, R.A.; Lemons, J.A.; Donovan, E.F; Stark, AR,;
Tyson, J.E.; et al. Changes in pathogens causing early-onset sepsis in very-low-birth-weight infants. N. Engl. J. Med. 2002, 347,
240-247. [CrossRef] [PubMed]

Shane, A.L.; Stoll, B.]. Neonatal sepsis: Progress towards improved outcomes. J. Infect. 2014, 68 (Suppl. S1), S24-5S32. [CrossRef]
[PubMed]

Rubin, L.G.; Sanchez, PJ.; Siegel, ].; Levine, G.; Saiman, L.; Jarvis, W.R.; Network, P.P. Evaluation and treatment of neonates with
suspected late-onset sepsis: A survey of neonatologists” practices. Pediatrics 2002, 110, e42. [CrossRef] [PubMed]
Mukhopadhyay, S.; Taylor, J.A.; Von Kohorn, I.; Flaherman, V.; Burgos, A.E.; Phillipi, C.A.; Dhepyasuwan, N.; King, E.;
Dhudasia, M.; Puopolo, K.M. Variation in Sepsis Evaluation Across a National Network of Nurseries. Pediatrics 2017,
139, €20162845. [CrossRef] [PubMed]

Pons, S.; Trouillet-Assant, S.; Subtil, F; Abbas-Chorfa, E; Cornaton, E.; Berthiot, A.; Galletti, S.; Plat, A.; Rapin, S.; Trapes, L.; et al.
Performance of 11 Host Biomarkers Alone or in Combination in the Diagnosis of Late-Onset Sepsis in Hospitalized Neonates:
The Prospective EMERAUDE Study. Biomedicines 2023, 11, 1703. [CrossRef] [PubMed]

Chiesa, C.; Natale, F; Pascone, R.; Osborn, J.E; Pacifico, L.; Bonci, E.; De Curtis, M. C reactive protein and procalcitonin: Reference
intervals for preterm and term newborns during the early neonatal period. Clin. Chim. Acta 2011, 412, 1053-1059. [CrossRef]
[PubMed]

Hedegaard, S.S.; Wisborg, K.; Hvas, A.M. Diagnostic utility of biomarkers for neonatal sepsis—A systematic review. Infect. Dis.
2015, 47, 117-124. [CrossRef] [PubMed]

Brown, J.V.E.; Meader, N.; Wright, K.; Cleminson, J.; McGuire, W. Assessment of C-Reactive Protein Diagnostic Test Accuracy for
Late-Onset Infection in Newborn Infants: A Systematic Review and Meta-analysis. JAMA Pediatr. 2020, 174, 260-268. [CrossRef]


https://doi.org/10.1080/14787210.2019.1568871
https://www.ncbi.nlm.nih.gov/pubmed/30640556
https://doi.org/10.1097/INF.0000000000002976
https://www.ncbi.nlm.nih.gov/pubmed/33538544
https://doi.org/10.1016/j.earlhumdev.2011.06.008
https://www.ncbi.nlm.nih.gov/pubmed/21752558
https://doi.org/10.1016/j.jped.2013.10.002
https://doi.org/10.1055/s-0036-1579648
https://doi.org/10.3233/NPM-200578
https://www.ncbi.nlm.nih.gov/pubmed/33523025
https://doi.org/10.1136/bmj.m3672
https://www.ncbi.nlm.nih.gov/pubmed/33004379
https://doi.org/10.1542/neo.23-10-e738
https://www.ncbi.nlm.nih.gov/pubmed/36316254
https://doi.org/10.1038/sj.jp.7211767
https://www.ncbi.nlm.nih.gov/pubmed/17568757
https://doi.org/10.1016/j.jpeds.2014.01.010
https://www.ncbi.nlm.nih.gov/pubmed/24529620
https://doi.org/10.1038/ismej.2009.37
https://www.ncbi.nlm.nih.gov/pubmed/19369970
https://doi.org/10.1152/ajpgi.00070.2014
https://www.ncbi.nlm.nih.gov/pubmed/25059827
https://doi.org/10.1001/jamapediatrics.2014.1539
https://www.ncbi.nlm.nih.gov/pubmed/25265089
https://doi.org/10.1111/pai.12244
https://www.ncbi.nlm.nih.gov/pubmed/24912441
https://doi.org/10.1542/peds.2007-1232
https://doi.org/10.1016/j.eclinm.2021.100884
https://www.ncbi.nlm.nih.gov/pubmed/34308303
https://doi.org/10.1056/NEJMoa012657
https://www.ncbi.nlm.nih.gov/pubmed/12140299
https://doi.org/10.1016/j.jinf.2013.09.011
https://www.ncbi.nlm.nih.gov/pubmed/24140138
https://doi.org/10.1542/peds.110.4.e42
https://www.ncbi.nlm.nih.gov/pubmed/12359815
https://doi.org/10.1542/peds.2016-2845
https://www.ncbi.nlm.nih.gov/pubmed/28179485
https://doi.org/10.3390/biomedicines11061703
https://www.ncbi.nlm.nih.gov/pubmed/37371798
https://doi.org/10.1016/j.cca.2011.02.020
https://www.ncbi.nlm.nih.gov/pubmed/21338596
https://doi.org/10.3109/00365548.2014.971053
https://www.ncbi.nlm.nih.gov/pubmed/25522182
https://doi.org/10.1001/jamapediatrics.2019.5669

Healthcare 2024, 12, 845 90f9

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

Spitzer, A.R.; Kirkby, S.; Kornhauser, M. Practice Variation in Suspected Neonatal Sepsis: A Costly Problem in Neonatal Intensive
Care. J. Perinatol. 2005, 25, 265-269. [CrossRef]

Profit, J.; Gould, J.B.; Bennett, M.; Goldstein, B.A.; Draper, D.; Phibbs, C.S.; Lee, H.C. Racial/Ethnic Disparity in NICU Quality of
Care Delivery. Pediatrics 2017, 140, €20170918. [CrossRef] [PubMed]

Reid, R.O.; Friedberg, M.W.; Adams, ].L.; McGlynn, E.A.; Mehrotra, A. Associations between physician characteristics and quality
of care. Arch. Intern. Med. 2010, 170, 1442-1449. [CrossRef] [PubMed]

Tussing, A.D.; Wojtowycz, M.A. The effect of physician characteristics on clinical behavior: Cesarean section in New York State.
Soc. Sci. Med. 1993, 37, 1251-1260. [CrossRef] [PubMed]

Sammer, C.E.; Lykens, K.; Singh, K.P. Physician characteristics and the reported effect of evidence-based practice guidelines.
Health Serv. Res. 2008, 43, 569-581. [CrossRef] [PubMed]

Celik, I.H.; Hanna, M.; Canpolat, F.E.; Mohan, P. Diagnosis of neonatal sepsis: The past, present and future. Pediatr. Res. 2022, 91,
337-350. [CrossRef] [PubMed]

van de Groep, K.; Bos, M.P;; Savelkoul, PH.M.; Rubenjan, A.; Gazenbeek, C.; Melchers, W.]J.G.; van der Poll, T.; Juffermans, N.P;
Ong, D.S.Y,; Bonten, M.]J.M.; et al. Development and first evaluation of a novel multiplex real-time PCR on whole blood samples
for rapid pathogen identification in critically ill patients with sepsis. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 1333-1344.
[CrossRef] [PubMed]

Calderaro, A.; Martinelli, M.; Motta, E; Larini, S.; Arcangeletti, M.C.; Medici, M.C.; Chezzi, C.; De Conto, F. Comparison of
peptide nucleic acid fluorescence in situ hybridization assays with culture-based matrix-assisted laser desorption/ionization-time
of flight mass spectrometry for the identification of bacteria and yeasts from blood cultures and cerebrospinal fluid cultures. Clin.
Microbiol. Infect. 2014, 20, 0468-0475. [CrossRef] [PubMed]

Wu, M.; Du, X.; Gu, R.; Wei, J. Artificial Intelligence for Clinical Decision Support in Sepsis. Front. Med. 2021, 8, 665464. [CrossRef]
Sahu, P.; Raj Stanly, E.A.; Simon Lewis, L.E.; Prabhu, K.; Rao, M.; Kunhikatta, V. Prediction modelling in the early detection of
neonatal sepsis. World . Pediatr. 2022, 18, 160-175. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/sj.jp.7211252
https://doi.org/10.1542/peds.2017-0918
https://www.ncbi.nlm.nih.gov/pubmed/28847984
https://doi.org/10.1001/archinternmed.2010.307
https://www.ncbi.nlm.nih.gov/pubmed/20837830
https://doi.org/10.1016/0277-9536(93)90336-3
https://www.ncbi.nlm.nih.gov/pubmed/8272903
https://doi.org/10.1111/j.1475-6773.2007.00788.x
https://www.ncbi.nlm.nih.gov/pubmed/18484106
https://doi.org/10.1038/s41390-021-01696-z
https://www.ncbi.nlm.nih.gov/pubmed/34728808
https://doi.org/10.1007/s10096-018-3255-1
https://www.ncbi.nlm.nih.gov/pubmed/29700761
https://doi.org/10.1111/1469-0691.12490
https://www.ncbi.nlm.nih.gov/pubmed/24304149
https://doi.org/10.3389/fmed.2021.665464
https://doi.org/10.1007/s12519-021-00505-1

	Introduction 
	Methods 
	Study Design 
	Study Population 
	Data Collection 
	Statistical Analysis 
	Patient Participation Statement 

	Results 
	Discussion 
	Conclusions 
	References

