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Abstract 
Introduction: The aim of this study was to explore the impact of empiric antibiotic de-escalation for suspected early onset neonatal sepsis 
(EONS) on clinical and economic outcomes. This was a multicenter prospective cohort study. Newborns were recruited from 3 neonatal 
intensive care units (NICUs) in Klang Valley, Malaysia. 
Methodology: All newborns in the NICU, and prescribed with empiric antibiotics within 72 hours for EONS over 4 months were included. 
Data on newborns’ characteristics, clinical outcomes, cost-effectiveness in 7 days, and mortality in 28 days were recorded. Antibiotic usage 
was divided into de-escalation and non-de-escalation groups, with 1:1 data matching for gestational age (weeks) and birth weight (± 0.1 kg). 
Time to treatment success, 28-days all-cause mortality, and cost-effectiveness were analyzed. 
Results: A total of 687 newborns were included. Data matching was conducted for grouping into de-escalation and non-de-escalation groups 
(n = 262 per group) for comparative analysis. There was no significant difference in the treatment failure rate (p = 0.742) and all-cause mortality 
in 28-days of life (p = 0.052) between the groups. However, a significant difference in terms of time to treatment success (median 3 days in the 
de-escalation group vs. 5 days in the non-de-escalation group; p < 0.001)) was observed. Cost-effectiveness analysis showed cost-saving of 
USD 47.80 per newborn per day for the de-escalation group. 
Conclusions: Early empiric antibiotic de-escalation should be considered in all newborns with a low risk of EONS. This practice did not 
increase the treatment failure rate and provided a beneficial outcome. 
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Introduction 

Newborns are often exposed to antibiotics in the 
neonatal intensive care units (NICU) [1]. Timely 
treatment with empirical antibiotics in newborns with 
suspected early onset neonatal sepsis (EONS) is crucial 
for achieving optimal treatment outcomes and reducing 
the risk of mortality [2]. However, if long-term empiric 
antibiotic treatment is administered to an infection-free 
newborn, it may lead to adverse effects such as 
increased risk of late sepsis infection, necrotizing 
enterocolitis (NEC), and mortality [3].  

One of the major challenges in the management of 
suspected EONS is determining the duration of 
empirical antibiotic treatment. Using blood culture 
alone to guide the practice of antibiotic de-escalation or 
escalation is inadequate due to its low sensitivity [4]. 
Antimicrobial stewardship programs (AMS) have been 
implemented in the NICUs globally to optimize 

antibiotic usage [1]. The AMS program is an important 
activity in the era of increasing bacterial resistance and 
absence of novel antibiotics [5]. 

Antibiotic de-escalation is an important strategy in 
AMS, either by minimizing the number of antibiotics 
used or by stopping treatment immediately when there 
are no clear signs of infection [6]. In general, 
implementation of the AMS program has been proven 
to significantly reduce antibiotic use and total treatment 
costs [7]. Antibiotic de-escalation strategies also 
showed no increment in the risk of mortality among 
adult patients in the intensive care unit (ICU) [8]; and 
reduced treatment costs, risk of adverse effects, and 
bacterial resistance through antibiotic selective pressure 
and superinfection [9,10]. 

The most common antibiotic de-escalation effects 
reported in previous studies were shorter hospitalization 
periods; shorter time for optimal therapeutic effect or 
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duration of treatment; and reduction of cost of 
treatment, mortality rate, and risk of antibiotic 
resistance [9–12]. Most antibiotic de-escalation studies 
reported that de-escalation practices reduced the 
duration of hospital stay and did not increase mortality 
rates. These studies were performed among adult 
populations in the ICU or among patients with serious 
clinical conditions [13–15].  

The effects of antibiotic de-escalation practice on 
neonatal populations are still poorly studied and 
reported. The antibiotic de-escalation strategy seems to 
be important in the management of suspected EONS, as 
the yield for positive blood culture to guide treatment 
duration is scarce. A randomized controlled trial 
conducted in Iran and a prospective observational study 
conducted in the United States of America compared 
the antibiotic duration of ≤ 3 days vs. ≥ 5 and 7 days, 
respectively, for the treatment of suspected EONS. 
Both studies showed that there was no difference in 
treatment failure and mortality rate between the groups 
with negative blood cultures [16,17]. 

Immediate de-escalation practice should be 
considered in newborns with negative blood culture 
results who are clinically stable and without signs of 
active infection within 72 hours of empirical antibiotic 
treatment [18,19]. More studies are needed to explore 
the impact of empirical antibiotic de-escalation on the 
clinical and economic outcomes, especially for 
suspected EONS. The purpose of this study was to 
descriptively compare time to treatment success, 28-
day all-cause mortality, and cost-effectiveness 
evaluation between empirical antibiotic de-escalation 
and non-de-escalation groups. 

 
Methodology 

This was a prospective observational cohort study 
involving NICUs of three government and university 
hospitals in Klang Valley in Malaysia. Ethical approval 
was obtained from the Medical Research and Ethics 
Committee of the Ministry of Health Malaysia (NMRR-
17-1882-36914 (IIR)) and the Ethics Committee of the 
Universiti Kebangsaan Malaysia (UKM PP/111/8/JEP-
2018-036).  

Newborns were eligible to be enrolled if they were 
admitted to the NICU and had empiric antibiotics 
commenced within 72 hours of birth based on the 
assessment of maternal risk factors, clinical 
presentation, and laboratory findings in accordance 
with the recommendation in the pediatric protocol [19]. 
Clinical data of eligible newborns were retrieved from 
patients’ medical records. The data included were 
demographic profiles, risk factors, clinical presentation, 

laboratory results, empiric antibiotics prescribed, 
treatment outcomes at 7 days of life, and mortality at 28 
days of life. 

Newborns were further classified into de-escalation 
and non-de-escalation groups. De-escalation was 
defined as the discontinuation of one or all antibiotics 
within 72 hours after initiation. Non-de-escalation was 
defined as the continuation of the antibiotics beyond 72 
hours after initiation [20]. Newborns who were 
transferred out from the NICU, died, or experienced an 
escalation of antibiotics within 72 hours of treatment 
were excluded. 

Newborns in the de-escalation and non-de-
escalation groups underwent a data matching process 
using the Microsoft® Excel software based on their 
gestational age (same gestational week) and birth 
weight (± 0.1 kg) with a 1:1 ratio. This process was 
carried out to ensure that both groups with similar 
characteristics were compared [21–24].  

The total medical costs evaluated were ward 
charges, staff salary, laboratory costs, and antibiotic 
costs (Supplementary Table 1). Information regarding 
ward charges and laboratory costs was obtained from 
the Fees (Medical) Act price list, which are standard 
charges used in Malaysian public hospitals. The 
minimum salary of staff (doctors and nurses) per 5 
newborns per day was obtained from the Public Service 
Commission website [25] and the costs of antibiotics 
were the contract price obtained from the public 
hospital pharmacy logistics office. Data used in 
calculating overall costs were duration of 
hospitalization and treatment period. The costs were 
calculated up to 7 days after birth or until discharge if 
less than 7 days. 

Each of these costs were calculated using the 
Ringgit Malaysia (RM) currency from the healthcare 
providers’ perspective. This was then converted to the 
United States Dollar (USD) with a rate of 1 USD = RM 
4.1325.  

Statistical analyses were performed using the IBM 
Statistical Package for the Social Sciences (SPSS) 
Statistics for Windows software, Version 23.0 (IBM 
Corp., Armonk, NY, USA). Categorical data were 
reported as frequency and percentage, while continuous 
data were reported as mean (standard deviation, SD) or 
median (interquartile range, IQR). The Mann-Whitney 
U test was conducted to identify the median significant 
difference between the de-escalation and non-de-
escalation groups for continuous data, while the 
Pearson Chi square (ꭓ2) or Fisher’s exact test was used 
to determine significant differences in categorical data 
between the two groups. In all statistical analyses, p < 
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0.05 was considered statistically significant. 
Empirical antibiotic treatment was considered a 

failure if: (i) mortality occurred within 7 days of birth 
due to sepsis; (ii) sepsis relapsed within 7 days after 
empirical antibiotic treatment stopped; or (iii) antibiotic 
escalation occurred after 72 hours of treatment [26]. 
Kaplan-Meier analysis was performed using treatment 
duration and treatment success rate data to assess the 
clinical effects of de-escalation practice on EONS. The 
results were tabulated and presented as the time to 
treatment success curve. Kaplan-Meier survival 
analysis was performed to assess mortality rates of all 
causes within 28 days of life for both groups, and the 
results were reported in the form of tabulated data and 
28-day survival curves. 

The effect of de-escalation on costs was analyzed 
using overall costs up to 7 days of hospitalization. 
Cumulative cost analysis for each group over a period 
of 7 days was carried out and reported graphically. The 
incremental cost-effectiveness ratio (ICER) was 
calculated using an average treatment cost per newborn 
successfully treated (in RM, then converted to USD) 
and the time required to achieve optimal therapy (in 
days) [27]. Time to optimal therapy was defined as the 
duration needed to achieve treatment success [9]. 

 
Results 

During the study period, 713 newborns were started 
on empiric antibiotics within 72 hours after birth. A 
total of 687 newborns were included and classified into 
de-escalation and non-de-escalation groups depending 
on their antibiotic practices within 72 hours of 
treatment. 163 non-matching newborns were excluded 

based on the closest matching of gestational age and 
birth weight. The remaining 524 newborns were 
matched and included in the comparative analysis 
(Figure 1). 

The demographics, risk factors, clinical 
presentation, laboratory, pattern of empiric antibiotics, 
and treatment outcomes between de-escalation and non-
de-escalation groups are summarized in Table 1. There 
were significant differences in maternal characteristics 
whereby the cases of cesarean delivery and incomplete 
antenatal appointments were higher in the de-escalation 
group compared to the non-de-escalation group (p < 
0.05). There was a significantly higher number of 
maternal exposures to intrapartum antibiotic 
prophylaxis, advanced maternal age of > 35 years, 
maternal fever, maternal history of Group B 
  

Figure 1. Selection process and data matching. 

Table 1. Demographics, clinical presentations, pattern of antibiotics usage and outcome in suspected early onset neonatal sepsis (EONS) (N = 
524). 
Characteristics De-escalation 

n = 262 
Non-de-escalation 

n = 262 p value 

A. Maternal    
Age (years), mean (SD) 29.93 (5.41) 31.08 (5.14) 0.020* 
Advanced maternal age (≥ 35 years), n (%) 47 (17.9) 65 (24.8) 0.058 
Cesarean section, n (%) 139 (53.1) 96 (36.6) 0.001* 
Antepartum antibiotic exposure (AAE), n (%) 23 (8.8) 23 (8.8) 0.989 
Intrapartum antibiotic prophylaxis (IAP), n (%) 57 (21.8) 87 (33.2) 0.004* 
IAP completed > 4 hours prior delivery, n (%) 43 (16.4) 65 (24.8) 0.984 
Born before arrival/out born, n (%) 14 (5.3) 18 (6.9) 0.472 
Antenatal steroid, n (%) 81 (30.9) 66 (25.2) 0.354 
Completed 2 doses, n (%) 53 (20.1) 46 (17.6) 0.422 
Multiple pregnancies, n (%) 139 (53.1) 147 (56.1) 0.482 
Lack of antenatal care, n (%) 27 (10.3) 12 (4.6) 0.012* 
Maternal risk    
Prolonged rupture of membranes (PROM) > 18 hours, n (%) 44 (16.8) 54 (20.6) 0.263 
Maternal pyrexia > 38 °C, n (%) 10 (3.8) 35 (13.4) 0.001* 
Maternal high vaginal swab/ urine culture positive, n (%) 29 (11.1) 26 (9.9) 0.669 
History of group B streptococcus (GBS) carrier, n (%) 2 (0.8) 12 (4.6) 0.012a* 
Meconium-stained amniotic fluid (MSAF)/foul smelling liquor, n (%) 42 (16.0) 54 (20.6) 0.175 
Chorioamnionitis, n (%) 9 (3.4) 32 (12.2) 0.001* 
Perinatal asphyxia, n (%) 5 (1.9) 2 (0.8) 0.450a 
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  Table 1 (continued). Demographics, clinical presentations, pattern of antibiotics usage and outcome in suspected early onset neonatal sepsis 
(EONS) (N = 524). 
Characteristics De-escalation 

n = 262 
Non-de-escalation 

n = 262 p value 

B. Neonatal    
Gestational age (week), mean (SD) 36.16 (3.33) 36.16 (3.33) 1.000 
Premature (< 36 week), n (%) 113 (43.1) 113 (43.1)  
Term (≥ 37 week), n (%) 149 (56.9) 149 (56.9)  
Birth weight (kg), mean (SD) 2.61 (0.83) 2.64 (0.83) 0.732 
< 2.5 kg, n (%) 111 (42.4) 101 (38.5)  
≥ 2.5 kg, n (%) 151 (57.6) 161 (61.5)  
Gender    
Male, n (%) 148 (56.5) 151 (57.6) 0.791 
Female, n (%) 114 (43.5) 111 (42.4)  
Race    
Malay, n (%) 202 (77.1) 210 (89.2) 0.281 
Chinese, n (%) 11 (4.2) 17 (6.5)  
Indian, n (%) 25 (9.5) 17 (6.6)  
Others, n (%) 24 (9.2) 18 (6.9)  
Length (cm), mean (SD) 48.20 (5.94) 47.11 (5.12) 0.009b* 
Head circumference (cm), mean (SD) 31.96 (3.27) 31.73 (2.77) 0.504b 

Length of stay (days), n (%)    
0–7 days 160 (61.1) 142 (54.2) 0.259 
8–27 days 69 (26.3) 78 (29.8)  
≥ 28 days 33 (12.6) 42 (16.0)  
Ventilation support, n (%)   0.007* 
Intubated 49 (18.7) 79 (30.2)  
Not intubated 121 (46.2) 96 (36.6)  
No ventilation support 91 (34.7) 87 (33.2)  
Surfactant, n (%) 14 (5.3) 31 (11.8) 0.018* 
APGAR score @ 1 min, mean (SD) 7.44 (2.28) 7.76 (1.87) 0.552b 

Score ≤ 5, n (%) 60 (22.9) 36 (13.7) 0.011* 
APGAR score @ 5 min, mean (SD) 9.01 (1.88) 9.18 (1.43) 0.676 
Score ≤ 5, n (%) 18 (6.9) 7 (2.7) 0.029* 
Congenital anomalies, n (%) 14 (5.3) 14 (5.3) 0.992 
C. Clinical presentation    
Thermoregulatory symptoms, n (%)    
Fever 6 (2.3) 4 (1.5) 0.752a 

Hypothermia 8 (3.1) 8 (3.1) 1.000 
Cardiac symptoms, n (%)    
Tachycardia 7 (2.7) 17 (6.5) 0.037* 
Bradycardia 5 (1.9) 3 (1.1) 0.724* 
Hypotension, n (%) 4 (1.5) 12 (4.6) 0.072a 

Respiratory symptoms, n (%) 155 (59.2) 171 (65.3) 0.149 
Cyanosis 16 (6.1) 13 (5.0) 0.567 
Grunting 53 (20.2) 82 (31.3) 0.004* 
Recession 109 (41.6) 132 (50.4) 0.044* 
Tachypnea 64 (24.4) 94 (35.9) 0.004* 
Nasal flaring 78 (29.8) 66 (25.2) 0.240 
Gastrointestinal symptoms, n (%)    
Feeding intolerance 1 (0.4) 5 (1.9) 0.216a 

Vomiting 18 (6.9) 10 (3.8) 0.120 
Metabolic symptoms, n (%)    
Acidosis 83 (31.7) 65 (24.8) 0.081 
Hypoglycemia 15 (5.7) 9 (3.4) 0.210 
Seizure, n (%) 4 (1.5) 2 (0.8) 0.686a 

D. Laboratory    
White blood cells (WBC), mean (SD) 17.92 (8.19) 18.59 (8.97)  
Below < 10 x 109/L, n (%) 49 (18.7) 40 (15.3) 0.534 
Above > 26 x 109/L, n (%) 43 (16.4) 48 (18.3)  
Normal 10–26 x 109/L, n (%) 168 (64.1) 173 (66.0)  
Platelet, mean (SD) 240.55 (80.48) 262.12 (84.42)  
Platelet < 100 x 109/L) 10 (3.8) 11 (4.2) 0.838 
C reactive protein (CRP), mean (SD) 0.37 (1.73) 0.96 (1.81)  
CRP > 0.5 mg/dL 10 (3.8) 68 (26.0) 0.001* 
Positive blood culture, n (%) 6 (2.3) 3 (1.2) 0.504 
Gram-positive strain 5 (1.9) 2 (0.8)  
Bacillus sp. 2 (0.8) 0 (0.0)  
Group B streptococcus 1 (0.4) ^ 1 (0.4) ^  
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Streptococcus (GBS) infection, and chorioamnionitis in 
the non-de-escalation group, compared to the de-
escalation group (p < 0.05). 

Significantly more newborns in the non-de-
escalation group had early intubation and received 
intratracheal surfactant therapy. Clinical signs of sepsis, 
such as tachycardia, grunting, chest recession, and 
tachypnea, were seen in a significantly higher number 
of newborns in the non-de-escalation group. The C 
reactive protein (CRP) level was also notably elevated 
in the non-de-escalation group. There were significant 
differences in the choice of empiric antibiotic 
combination and duration of treatment between the two 
groups. Further stratified analysis based on clinical 
severity was conducted by numerically scoring each of 
the risk and clinical presentations; the results showed 
no significant differences between both groups with p > 
0.05. 

Ten percent of newborns in the non-de-escalation 
group had their antibiotic changed from gentamycin to 
cefotaxime within 72 hours of treatment. Newborns in 
the de-escalation group had a significantly shorter 
median treatment period of 3 days, compared to those 
in the non-de-escalation group (5 days).  

Figure 2 shows the treatment success analysis for 
the de-escalation and non-de-escalation groups. The 
treatment success rate was over 92% for both groups. 
The Kaplan-Meier analysis of the time to treatment 

success showed significant differences between groups 
in which the de-escalation group required a shorter 
period (3 days) to complete the treatment successfully 
as compared to the non-de-escalation group (5 days). 
The result of this analysis is summarized graphically 
whereby the curvature of the de-escalation treatment 
period is a more rapid decrease than the non-de-

Table 1 (continued). Demographics, clinical presentations, pattern of antibiotics usage and outcome in suspected early onset neonatal sepsis 
(EONS) (N = 524). 
Characteristics De-escalation 

n = 262 
Non-de-escalation 

n = 262 p value 

Staphylococcus, coagulase negative 1 (0.4) 0 (0.0)  
Cellulomonas sp. 1 (0.4) 0 (0.0)  
Listeria monocytogenes 0 (0.0) 1 (0.4) ^  
Gram-negative strain 1 (0.4) 1 (0.4)  
Sphingomonas (pseudo.) paucimobilis 1 (0.4) 0 (0.0)  
Klebsiella sp. 0 (0.0) 1 (0.4) ^  
E. Empiric antibiotic pattern    
First dose empiric antibiotic, n (%)   0.843a 

≤ 24 hours of life 241 (92.0) 239 (91.2)  
25–48 hours of life 16 (6.1) 16 (6.1)  
49–72 hours of life 5 (1.9) 7 (2.7)  
Antibiotic combinations, n (%)   0.001* 
Penicillin + Gentamicin 252 (96.2) 232 (88.5)  
Penicillin + Amikacin 5 (1.9) 0 (0.0)  
Penicillin + Cefotaxime 2 (0.8) 1 (0.4)  
Ampicillin + Gentamicin 3 (1.1) 2 (0.8)  
Ampicillin + Cefotaxime 0 (0.0) 1 (0.4)  
Penicillin + Gentamicin/Cefotaxime 0 (0.0) 25 (9.5)  
Meropenem 0 (0.0) 1 (0.4)  
Treatment duration (day), median (IQR) 3 (2-3.5) 5 (4-5) 0.001b* 
F. Treatment outcome in 7 days of life    
Treatment failure, n (%) 21 (8.0) 19 (7.3) 0.742 
Mortality due to sepsis 1 (0.4) 1 (0.4) 1.000 
Sepsis relapse 13 (5.0) 4 (1.5) 0.045* 
Escalation after 72 hours of empiric antibiotics 8 (3.1) 15 (5.7) 0.136 
APGAR: appearance, pulse, grimace, activity, respiration; SD: standard deviation; IQR: interquartile range. ^ clinically significant infection; aFisher’s exact test; 
bMann Whitney U-test; *p value < 0.05. 

Figure 2. The difference in time to treatment success between de-
escalation and non-de-escalation groups (N = 524). 
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escalation group (p < 0.001). 
The analysis of all-cause mortality within 28 days 

of life for both groups is summarized in Figure 3. 
Statistically, the results showed no significant 
difference in the 28-day mortality between groups (p = 
0.052). Further post-hoc power analysis showed only 
37.4% of study power for all-cause mortality. 

The details of the cost analysis are shown in Figure 
4. The significant difference in costs between both 
groups was noted from day 2 of treatment onwards (p < 
0.001). The ICER of non-de-escalation compared to the 
de-escalation group was RM 197.55 (USD 47.80) per 
time saved. This result indicated that non-de-escalation 
costed an additional USD 47.80 for each additional day 
needed to cure. 

 
Discussion 

Local and international guidelines for the 
management of EONS strongly recommend early de-
escalation of empirical antibiotics, within 72 hours of 
treatment [19,28,29]. However, each newborn must be 
evaluated clinically if the blood culture result was 
sterile. This study found that the newborns in the non-
de-escalation group generally had a significantly 
greater number of risks and symptoms of sepsis 
compared to the de-escalation group. The de-escalation 
practice should not occur if newborns showed clear 
risks or signs of sepsis [12]. 

Cesarean delivery; lack of antenatal care; and poor 

appearance, pulse, grimace, activity, respiration 
(APGAR) score at the 1st and 5th minutes were 
significantly higher in the de-escalation group, 
compared to the non-de-escalation group. Cesarean 
delivery has been linked to a reduced risk of EONS 
compared to normal vaginal delivery [30]. An 
incomplete history of maternal complications may 
complicate an early diagnosis of sepsis and lead to a 
short treatment duration with empirical antibiotics for 
EONS due to the unreported risk of maternal 
complications [31]. Although low APGAR scores at 
birth can cause the immune system to be low and 
increase the risk of sepsis [32,33], the results of this 
study indicated that low APGAR scores did not prevent 
physicians from an early de-escalation of empiric 
antibiotics for EONS if newborns were clinically well. 

The results of this study also showed that, where the 
majority began treatment within 24 hours of birth with 
a penicillin and gentamicin combination, there was no 
significant difference in the time of first dose 
administration of empiric antibiotics for both groups. 
This is a good practice for both groups, as immediate 
treatment has been proven to provide optimal treatment 
for suspected EONS [34].  

A comparison of treatment outcomes up to 7 days 
of life showed no significant difference in treatment 
failure between the two groups, with the non-de-
escalation group having a shorter treatment duration. 
Further association between shorter treatment duration 

Figure 3. All-cause mortality in 28-days of life between de-
escalation and non-de-escalation groups (N = 524). 

Figure 4. Cost analysis between de-escalation and non-de-
escalation groups in 7 days.  

a Mann Whitney U-test; SE: standard error. RM: Ringgit Malaysia; ICER: 
incremental cost-effectiveness ratio (ICER); C: cost per newborn; ** time 
saved to optimal therapy per newborns (E). A total of 241 de-escalation and 
243 non-de-escalation newborns were treated successfully. 
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with hospital discharge or length of stay and overall 
clinical recovery was difficult to conclude due to 
multiple factors involved, especially in premature 
patients. Besides, the de-escalation group showed 
higher mortality even though it did not reach statistical 
significance, probably due to the higher number of 
cases with poor antenatal care, a poor APGAR score at 
1 and 5 minutes, and sepsis relapse incidence in this 
group. However, the results are in line with previous 
research whereby the short duration of empirical 
antibiotics in EONS did not increase the risk of 
treatment failure defined as sepsis relapse within 2 
weeks [17] and did not increase the risk of sepsis-
related mortality [16].  

Cost analysis showed that the de-escalation group 
had a significantly lower total cumulative cost starting 
from day 2 of treatment and the ICER indicated 
additional cost needed for the non-de-escalation group 
to reach optimum therapy each day. By using the ICER 
indicator, the de-escalation strategy was proven to be 
more cost-effective, and these savings could change in 
different hospital facilities with varying cost structures. 
However, a recent systematic review and meta-analysis 
evaluating the impact of antibiotic de-escalation 
showed inconclusive cost impact due to limited studies 
reported on cost analysis [35]. Even though there is 
limited evidence on cost-effectiveness, early de-
escalation potentially reduced antibiotic resistance and 
overall healthcare resource utilization [36]. 

The limitations of this study include analysis based 
on prospective observation of actual practice. This 
study holds value, particularly in newborn contexts 
where randomization is impractical and unethical. This 
study allows researchers to gather insights into real-
world practices and potential effects of early antibiotic 
de-escalation in newborns with suspected EONS even 
though they cannot definitively establish causation like 
randomized controlled trials (RCTs). However, the 
findings may improve if it is conducted under 
controlled conditions. 

Besides, this study was underpowered to detect the 
all-cause mortality differences between the comparison 
groups and required at least 700 subjects per arm to 
reach more than 75% study power. However, even 
when the number of subjects increases, there is no 
guarantee that the mortality detection will be improved 
because, in fact, the younger children have more robust 
immune systems and fewer co-morbidities; hence, the 
risk of mortality is generally low [37]. 

Finally, there were potential biases that could have 
influenced antibiotic de-escalation decisions, such as 
variations in clinical experience or local hospital policy. 

Future studies should focus on specific areas, including 
investigating the impact of de-escalation in different 
subgroups, such as premature babies or those with 
underlying health issues. 
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Annex – Supplementary Items 
 
Supplementary Table 1. Medical charges. 
Item Cost in RM Source / reference 
NICU charge per day 300.00 Fees (Medical) Act 
Staff minimum salary per day per 5 newborns   
Doctor grade UD48 34.74 [25] 
Nurse grade U29 11.98 [25] 
Antibiotic per unit  Pharmacy logistic office 
Gentamycin 80 mg 0.55  
Benzylpenicillin 1 mg 2.32  
Ampicillin 500 mg 2.32  
Amikacin 250 mg 2.90  
Cefotaxime 500 mg 4.06  
Meropenem 500 mg 9.90  
Laboratory charges per test  Fees (Medical) Act 
Blood culture (pediatric) 40.00  
Complete blood count (CBC) 40.00  
Urea and electrolyte 38.00  
Creatinine 35.00  
C-reactive protein (CRP) 60.00  
Aminoglycoside therapeutic drug monitoring (TDM) 30.00  
NICU: neonatal intensive care unit; RM: Ringgit Malaysia. 
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