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Abstract

In areas with little medical care, neonatal sepsis continues to kill premature babies. This is particularly true in provider-
short areas. The Jordanian Ministry of Health conducted research between those two years. This research examined
whether birth grading systems and pharmaceutical interventions might accurately predict outcomes in 250 preterm
newborns. The investigation aimed to determine how well these techniques predicted outcomes. It focused on the
Neonatal Sequential Organ Failure Assessment (nSOFA), Clinical Risk Index for Babies (CRIB-II), and Neonatal Multiple
Organ Dysfunction (NEOMOD) scores. This study sought to evaluate how well these ratings predict death and other
problems. Meal difficulties, ARDS, and unstable blood flow were issues. Antibiotic treatments with a narrow spectrum
(ampicillin and gentamicin) and a wide spectrum (meropenem and vancomycin) were tested for efficacy. The cohort
had a mean gestational age of 31.2 weeks and a standard deviation of 2.5 weeks and a birth weight of 1580 grammes
with a standard deviation of 420 grammes. Additionally, the group had an average gestational age of 31.2 weeks. Late-
onset sepsis (LOS) affected 62% of patients, a significant rate. Total population mortality was 26.4%. Haemodynamic
instability, acute respiratory distress syndrome, and nSOFA scores above 8 were strong indicators of death risk
(adjusted odds ratio = 5.1, 95% confidence interval = 2.6-10.0). Research indicates a substantial correlation between
food resistance and longer hospital stays (52.3% versus 32.6%, p = 0.01) and hospitalisations lasting over 28 days (p <
0.001). 44.8% of newborns were food-resistant. This number was significant. Thirty percent of the neonates had acute
respiratory distress syndrome (ARDS), and 58.7% perished. For children without congestive heart failure (ARDS), the
mortality rate was 18.5% (p < 0.001). The nSOFA score, with an AUC of 0.84 and a 95% CI of 0.78-0.90, was better at
identifying probable fatalities. This score beat NEOMOD (AUC 0.79) and CRIB-II (AUC 0.71) in individual differentiation.
Broad-spectrum antibiotics did not affect survival (25.5% vs 28.6% mortality, p = 0.15), although they did reduce
recovery time for positive culture patients (5.2 days vs 7.8 days, p = 0.04). These factors influenced survival but did not
substantially alter it. Our findings demonstrate the predictive power of organ dysfunction-focused scoring systems in
preterm baby sepsis, particularly for nSOFA. However, dietary allergies, haemodynamic instability, and acute
respiratory distress syndrome contributed to the tragic consequences. Only high-risk patients should get empirical
broad-spectrum therapy, with a concentration on antimicrobials. Risk assessment tools in clinical settings may improve
the pace and effectiveness of therapy for low-resource neonatal intensive care unit (NICU) newborns.
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1. Introduction

Neonatal sepsis remains one of the toughest paediatric issues to treat. It's the biggest reason premature newborns die
or become ill worldwide [1]. In low-resource areas, this lethal condition is difficult to identify, and medication resistance
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makes treatment harder [2]. There are many physical variables that increase the risk of sepsis in premature newborns.
These include underdeveloped immune systems, weak skin, and frequent invasive treatments [3]. Sepsis causes 15% of
global neonatal fatalities because 70% of patients who fall into septic shock die [4]. The Jordanian Ministry of Health's
latest statistics suggest that infant illnesses kill about 25% of newborns, mostly preterm [5]. Unfortunately, the situation
highlights how crucial it is to identify and manage risks in ways that fit diverse healthcare systems worldwide.

This is because infant sepsis symptoms vary depending on pregnancy length and onset [6]. This complicates diagnosis.
Early-onset sepsis (EOS) begins within 72 hours following delivery. It may cause temperature fluctuations, respiratory
troubles, or feeding concerns [7]. Late-onset sepsis (LOS) after 72 hours frequently has more infection symptoms. If the
individual has taken medications or had hospital infections, it may be tougher to handle [8]. Preterm newborns'
inflammatory responses may be more difficult to detect due to their undeveloped bodies [9]. Today, clinicians use
clinical opinion and lab tests like CRP and procalcitonin to identify conditions. These indicators don't predict the future
well, particularly in low-birth-weight children [10]. Blood cultures are frequently considered the best approach to
identify infections, although they are insensitive and time-consuming. When a diagnosis is unclear, clinicians must make
crucial therapeutic choices [11].

Baby scoring systems have become increasingly popular in recent years to enhance physicians' judgements and
standardise risk evaluations [12]. The Neonatal Sequential Organ Failure Assessment (nSOFA) score evaluates
respiratory, cardiac, and haematological issues to assess sickness severity [13]. This score altered from kid to adult
models. The Clinical Risk Index for Babies (CRIB-1I) and Neonatal Multiple Organ Dysfunction (NEOMOD) numbers may
help assess hazard [14]. In high-income areas, these strategies anticipate the future well. But nothing is known about
how effectively they perform in middle-income nations like Jordan [15]. This lack of understanding is particularly
critical due to local health trends, including Gram-negative infections and medication resistance [16].

We must balance the urgent need for efficient antibiotic therapy with the increased danger of resistance when treating
neonates with sepsis [17]. The latest WHO guidelines suggest using ampicillin-gentamicin as the main treatment for
eosinophilic oesophagitis (EOS), but it should be given for a longer time in patients who are at high risk. However,
antibiotics from hospitals in Jordan that care for newborns show concerning signs of resistance, with more than 35% of
Gram-negative bacteria producing ESBL. Given the increasing prevalence of antibiotic resistance, it is crucial to exercise
caution in the use of drugs, even when treating deadly diseases [20]. Sepsis is often associated with food intolerance,
ARDS, and haemodynamic instability. Each of them has important clinical impact [21], making treatment difficulties
harder to manage.

This research filled key gaps in Jordan's healthcare system's preterm newborn sepsis classification and treatment
expertise. This research looked at how well three scoring systems—nSOFA, CRIB-1I, and NEOMOD—could predict death
and serious problems in patients at Prince Hamza Hospital, a major hospital in Jordan's Ministry of Health. The study's
secondary aims were to assess food resistance, ARDS, and haemodynamic instability and evaluate medication therapies.
Doctors may use our data to make choices. They also demonstrate how low-resource neonatal intensive care facilities
may enhance quality.

2. Methods

This research reviewed newborns delivered at Jordanian Ministry of Health Hospital's Neonatal Intensive Care Unit
(NICU). The research investigated how newborn scoring systems and pharmacological treatments affected preterm
sepsis newborns delivered between January 2023 and December 2024. The procedure was scientifically valid and
collected all the data. It focused on sepsis definition, clinical outcomes, and risk assessment tool testing in a real-life
NICU.

2.1. Study population and eligibility criteria

The research comprised sepsis-diagnosed preterm newborns under 37 weeks old who were admitted to the NICU.
Sepsis was defined using modified WHO criteria. The criteria included clinical indicators (such as unstable temperature,
breathing difficulties, weariness, or blood flow issues) and laboratory markers (like high CRP levels of 10 mg/L or
greater, procalcitonin levels of 2 ng/mlL, or a positive blood culture). Major birth abnormalities, deaths within 24 hours
after admission, and missing medical data that would have prevented the scoring system from being used were excluded
from the study. Because the research went back, all data came from electronic medical records and paper charts. A
uniform data collection form ensured reviewers used the same data.
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2.2. Data collection and variable analysis

Neonatologists, paediatric trainees, and multidisciplinary study nurses collected data. Gestational age, birth weight,
sex, and delivery technique were recorded to standardise the attributes. Premature rupture of the membranes (PROM),
chorioamnionitis, and GBS in the mother were also documented to assess infant sepsis risk. Clinicians meticulously
recorded all clinical data during sepsis diagnosis. These included temperature, heart rate, respiratory rate, blood
pressure, respiratory support demands (oxygen, mechanical ventilation), and haemodynamic stability (capillary refill
time, lactate levels, and vasopressor usage). We monitored eating behaviours, particularly feeding intolerance, which is
defined as having stomach contents exceeding 50% of the meal volume, experiencing belly distension, or vomiting that
necessitated a 24-hour break from feeding.

Lab findings were crucial for diagnosing sepsis and assessing severity. Full blood counts with differentials, CRP and
procalcitonin measurements across time, and sepsis-onset blood cultures were performed. We checked culture data for
microorganism strains and medication sensitivity profiles to see whether empirical antibiotic therapy was appropriate.
We checked arterial blood gas and lactate levels to assess metabolic and tissue oxygenation, particularly in infants
suffering from septic shock.

2.3. Define outcomes and score systems

The research focused on all-cause death before hospital discharge. Secondary outcomes included ARDS,
haemodynamic instability, and feeding resistance. All of them are important causes of sepsis-related preterm birth
deaths. Modified neonatal criteria indicated ARDS, including hypoxaemia (PaO,/FiO, ratio <200), chest x-ray
symmetrical infiltrates, and no discernible heart failure as the major cause of decreased breathing. Low blood pressure
that needed medication support (like dopamine or epinephrine) or a lactate level above 4 mmol/L showed that the
blood flow to the tissues was unstable and reduced.

The neonatal Sequential Organ Failure Assessment (nSOFA), Clinical Risk Index for Neonates II (CRIB-II), and Neonatal
Multiple Organ Dysfunction (NEOMOD) scores were used to categorise neonates by risk. The nSOFA score, based on the
paediatric SOFA score, assesses lung, heart, blood cell, and liver issues. Disease worsens with more numbers. The
CRIB-II score is calculated by summing the baby's birth weight, gestational age, temperature, and respiratory level
during the first hour after entrance to indicate mortality risk. The neonatal sepsis-specific NEOMOD score tracks
changes in breathing, heart rate, kidney function, and nerve function to determine organ failure. We calculated each
score at sepsis identification and the worst phase of the disease to evaluate how well it predicted the future.

2.4. Antibiotic Regime Classification and Analysis

In practice, narrow-spectrum (ampicillin + gentamicin) and broad-spectrum (meropenem and vancomycin) antibiotics
were utilised. Hospital restrictions, experts' perspectives, and sepsis onset time determined the routine. Early-onset
sepsis (within 72 hours after delivery) was treated with ampicillin-gentamicin until resistant organisms were
found. Due to the increasing risk of nosocomial bacteria, late-onset sepsis (beyond 72 hours) needed more
therapies. Vital signs, blood indicators, and microbiological data were repeatedly monitored to assess patient response.
Therapy was adjusted based on culture findings and patient progress.

2.5. Statistical Analysis Plan

The fundamental qualities were summarised using descriptive statistics. Results for continuous variables were
presented as means * standard deviations or medians (interquartile ranges) based on distribution normality.
Categorical factors were shown by frequencies and numbers. Chi-square or Fisher's exact tests compared survivors,
non-survivors, and antibiotic-treated groups. Comparing groups of continuous variables utilised Student's t-tests or
Mann-Whitney U tests. Multivariable logistic regression models were employed to uncover independent mortality
predictors such as mother age, birth weight, and sepsis onset. Each scoring system was tested for its ability to predict
death using receiver operating characteristic (ROC) curve analysis. AUC values and 95% confidence intervals were
presented. SPSS version 26 was used for all findings, and p-values below 0.05 were considered significant.

3. Results

This research examined all 250 sepsis-afflicted preterm neonates admitted to the NICU at Prince Hamza Hospital
between 2023 and 2024. Clinical outcomes, risk categorizations, and treatment approaches were relevant. At the outset
of the investigation, the group seemed vulnerable. The average birth weight was 1580 grammes, and they were 31.2
weeks along, with a 2.5-week range. These high numbers indicate a high-risk research group. The timing of presentation
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showed a definite pattern, with 38% (95 cases) early-onset sepsis (within 72 hours of delivery) and 62% (155 cases)
late-onset. Hospital-acquired illnesses are frequent in premature newborns.

Sepsis had a major effect on patients, as 26.4% of them (66/250) died. Multivariate analysis revealed high correlations
between two death-predicting markers. Haemodynamic instability best predicted ARDS and greater nSOFA scores >8,
with an adjusted odds ratio of 4.2 and a 95% confidence range of 2.1-8.3. These studies examine how stable cardiac
function and respiration influence the survival of ill preterm babies. They emphasise this aspect's importance.

Table 1 Cohort Characteristics and Primary Outcomes

Variable Value Statistical Measure
Total neonates (N) 250 -

Gestational age (weeks) 31.2+25 Mean + SD

Birth weight (grams) 1580 + 420 Mean * SD
Early-onset sepsis (EOS) 95 (38%) n (%)

Late-onset sepsis (LOS) 155 (62%) n (%)

Mortality 66 (26.4%) n (%)

- Hemodynamic instability* | aOR 4.2 (95% CI 2.1-8.3) | Adjusted OR

- ARDS* aOR 3.5 (95% C1 1.8-6.9) | Adjusted OR

- nSOFA >8* aOR 5.1 (95% CI12.6-10.0) | Adjusted OR

EOS: Early-onset sepsis (<72h of life); LOS: Late-onset sepsis (>72h); aOR: Adjusted odds ratio; CI: Confidence interval; ARDS: Acute respiratory
distress syndrome; nSOFA: Neonatal Sequential Organ Failure Assessment; *Multivariable logistic regression predictors of mortality (adjusted for
GA, birth weight, and sepsis onset).

Table 2 Secondary Outcomes and Complications

Outcome Incidence (n=250) | Comparative Analysis p-value
Feeding intolerance 112 (44.8%) LOS (52.3%) vs. EOS (32.6%) | 0.01

- Hospital stay (days) 42 vs. 28 With vs. without intolerance | <0.001
ARDS 75 (30%) Mortality: 58.7% vs. 18.3% <0.001
Hemodynamic instability | 92 (36.8%) Vasopressor use: 68 (27.2%) | -

LOS: Late-onset sepsis; EOS: Early-onset sepsis; ARDS: Acute respiratory distress syndrome.

Table 3 Scoring System Performance and Antibiotic Regimens

Parameter Result 95% CI p-value
Scoring systems (AUC)

- nSOFA 0.84 0.78-0.90 | <0.001
-NEOMOD 0.79 0.72-0.86 | <0.001
- CRIB-II 0.71 0.63-0.79 | 0.002
Antibiotic therapy

- Narrow-spectrum 105 (42%) - -

- Broad-spectrum 145 (58%) - -

- Mortality (broad vs. narrow) | 25.5% vs. 28.6% | - 0.15

- Clinical improvement (days)* | 5.2 vs. 7.8 - 0.04

AUC: Area under the ROC curve; nSOFA: Neonatal Sequential Organ Failure Assessment; NEOMOD: Neonatal Multiple Organ Dysfunction; CRIB-II:
Clinical Risk Index for Babies II; *Time to improvement in culture-positive cases.
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Secondary outcomes let us understand sickness complications and therapy effects. Nearly half of late-onset sepsis
patients (112 cases, 44.8% of the total) exhibited feeding difficulties (52.3%), compared to 32.6% of early-onset patients
(p=0.01). Doctors should address feeding issues since these lead to prolonged hospital admissions (42 days vs. 28 days
for non-feeding newborns, p<0.001). The finding emphasises the necessity to properly address this group's nutrition.
35% of patients, including 75% of newborns, had ARDS. ARDS was linked to poor outcomes, with 58.7% of newborns
with the condition dying compared to 18.3% of those without ARDS (p<0.001). Haemodynamic instability occurred in
92 instances (36.8%). Serious newborn sepsis affects the heart and blood vessels, as 27.2% (68 neonates) required
Vasopressors.

Clinical risk screening needed data for evaluating the performance of the infant scoring system. Among the instruments
examined, the nSOFA score showed the highest reliability, with an AUC of 0.84 (95% CI: 0.78-0.90). When forecasting
death, it fared well. The NEOMOD score accurately predicted newborns with multiple organ issues (area under the curve
= 0.79, 95% confidence range = 0.72-0.86). CRIB-II can still predict (area under the curve = 0.71, 95% confidence
interval = 0.63-0.79), but it was less accurate at distinguishing sepsis from organ failure. These findings suggest that
dynamic scoring techniques that include several organ systems may assist in assessing newborn sepsis risk.

There were evident trends in medication dosage treatment and efficacy. Narrow-spectrum techniques comprised
ampicillin-gentamicin in 42% of instances, whereas broad-spectrum therapies included meropenem and vancomycin
in 58%. This spread explains how physicians use infection risk criteria to decide. Even while the fatality rates were
similar (28.6% narrow-spectrum vs. 25.5% broad-spectrum, p=0.15), patients who tested positive for the bacterium
and received broad-spectrum antibiotics recovered quicker (5.2 days vs. 7.8 days, p=0.04). This research suggests that
broad-spectrum coverage may not always boost survival, but it may be useful in infections, particularly when resistant
species are present.

Researchers observed several significant patterns in scoring system findings and clinical outcomes. All secondary
outcomes and mortality rates were greater for newborns with nSOFA scores over eight. Of them, 65% could not tolerate
meals, and 52% had blood flow issues. Similarly, the highest level of NEOMOD detected ARDS at 89%. These findings
relate organ failure to infant sepsis. These findings demonstrate that these scores are better for treatment when
predicting mortality and severe consequences.

Subgroup analysis helped explain outcome differences. Extremely premature newborns, particularly those delivered
before 28 weeks, had a mortality rate of 42.1%, compared to 22.3% for better developed preterm babies (p=0.008).
This evidence demonstrates that this group is more susceptible than others. Positive culture infants (38%) were in the
hospital longer and had greater haemodynamic instability rates than negative culture babies, although they had the
same mortality rates. Late-onset sepsis had more gram-negative organisms (62% of positive cultures) than early-onset
(58%). This finding affects scientific medicine selection.

Clinical progression showed that 82% of sepsis fatalities occurred in the first two weeks. The average death time was
nine days, ranging from five to fourteen. Major complications, such as ARDS, haemodynamic instability, or severe
feeding intolerance, resulted in a median hospital stay of 49 days, compared to an average of 26 days for survivors
without these complications (p<0.001). The study reveals that infant sepsis causes several illnesses, even in survivors.

This extensive data shows the clinical course and repercussions of premature infant sepsis in our instance. These
statistics show how crucial it is to quickly discover high-risk newborns using proven scoring systems, monitoring for
serious issues, and utilising antimicrobial medications appropriately. Clinicians treating these fragile individuals should
be aware of the various outcomes depending on gestational age, sepsis onset, and issue development.

4. Discussion

The study's findings raise crucial issues concerning risk classification and treatment options in low-resource areas, as
well as new newborn sepsis therapy information. A comparable study conducted in a middle-income country found that
the nSOFA score could similarly distinguish between patients [23]. We found an AUC of 0.84 for the score's prediction
abilities. This evidence adds to the expanding international data supporting its usage. However, the scoring method
differs by gestational age and sepsis type. This suggests that we should customise these tools for each location instead
of using them universally. Because unstable blood flow is strongly linked to mortality (aOR 4.2), circulatory collapse is
the most probable ending of infant sepsis. Sepsis-induced cardiac depression is supported by molecular models [24].

Early-born newborns may have increased links to inflammatory attacks since their circulatory systems aren't
completely matured [25]. Infection, gut bacteria, and intestinal development interact confusingly [26]. This infant
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research topic is gaining prominence. This is linked to food resistance (44.8%) and its varied manifestations in early
and late-onset sepsis. New microbiome studies demonstrate that sepsis and its therapy may alter bacteria colonisation
for months after recovery. Long-term hospitalisation and antibiotic exposure may affect gut function, which has been
well studied in neonatal intensive care populations [28]. Late-onset sepsis patients have a much higher rate of feeding
intolerance (52.3% vs. 32.6% of other patients) [27]. ARDS' frightening 58.7% fatality rate highlights the need for
enhanced respiratory assistance in areas with limited resources and less access to modern ventilators [29]. Note that
this mortality rate is around 20% greater than in high-income nations.

There are still major discrepancies in neonatal care worldwide [30]. Our ARDS patients have a large number of gram-
negative organisms, which is consistent with animal studies showing that endotoxin-producing bacteria promote lung
inflammation [31]. This suggests that anti-inflammatory therapies under investigation [32] may help.

After our antibiotic regimen analysis, we observed clinically significant patterns that antimicrobial control programmes
should monitor. Broad-spectrum therapy improves culture-positive patients quicker (5.2 days vs. 7.8 days), which
might be problematic in resistant areas [34]. Even though narrow-spectrum and broad-spectrum therapies had similar
fatality rates (28.6% vs. 25.5%), the WHO recommends empirical ampicillin-gentamicin in early-onset sepsis [33]. The
growing medication resistance rate in Jordan makes this discovery even more significant. New tracking data reveal 35-
40% of neonatal critical care unit Gram-negative isolates generate ESBL [35]. Antibiotic usage in newborn hospitals has
grown 40% in 10 years [36]. The issue of short-term treatment requirements not matching long-term resistance
patterns is widespread in developing countries. Some promising newborn antibiotic stewardship trials [37] may help
balance these demands by enabling early de-escalation. Better detection methods, particularly rapid genetic testing,
may assist in finding this balance, according to our findings. Compared to high-income nations [38], our group's hospital
stays (median 42 days with issues) were longer. This is likely due to system-level difficulties typical in resource-poor
areas. Late access to step-down care and personnel shortages impede therapy [39]. Quality improvement initiatives
have given equal focus to these practical issues, which make managing newborn sepsis more challenging [40].

Our results have identified several critical issues that will guide future research. These scoring systems for organ
dysfunction work effectively in various situations, which supports their ongoing improvement and the idea that they
could be used alongside other markers like presepsin and endocan. We need immediate research comparing techniques
to revive ill newborns. We should focus on peripheral perfusion-guided therapy from juvenile research [42]. Given the
potential danger of haemodynamic instability, it is imperative to initiate this investigation promptly. We found that
dietary sensitivity may modify the microbiota. This investigation suggests how probiotic and prebiotic medications
could operate during and after antibiotic therapy.

Key to Abbreviations

EOS: Early-onset sepsis (<72 hours)

LOS: Late-onset sepsis (>72 hours)

ARDS: Acute respiratory distress syndrome

aOR: Adjusted odds ratio

CI: Confidence interval

AUC: Area under the curve (ROC analysis)

nSOFA: Neonatal Sequential Organ Failure Assessment
NEOMOD: Neonatal Multiple Organ Dysfunction score
CRIB-II: Clinical Risk Index for Babies I

5. Conclusion

Our research found that biological and health system reforms are required to reduce infant sepsis. Recent global infant
action plans demonstrate this two-pronged approach. We discovered these findings, which may be most significant.
Rules that consider local resistance patterns, resource availability, and care delivery may function better than adopting
proposals from wealthy nations. This study reveals what we don't know about clinical practice and what we need to
learn to enhance it. This information is crucial since baby care is evolving worldwide. Bringing together risk assessment
technologies, antibiotic treatment, and better health systems could improve results for newborns at risk of sepsis, no
matter the resources available.
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