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ABSTRACT

Neonatal sepsis remains a major cause of morbidity and mortality among preterm infants, particularly in low- and middle-income countries. Early
identification through clinical scoring systems, such as the Singh Score, Rosenberg Score, and Bekhof Score, may improve diagnostic accuracy
and support timely management. This study aimed to systematically evaluate the diagnostic performance of these three clinical scoring instruments
in detecting neonatal sepsis. A systematic search was conducted across seven electronic databases from inception to August 2025. Studies
assessing the diagnostic accuracy of the selected scoring systems were included, critically appraised, and analyzed. Data on sensitivity, specificity,
and other diagnostic accuracy measures were extracted and synthesized. Five eligible studies were identified, most of which were conducted in
low- and middle-income countries, with sample sizes ranging from 80 to 658 neonates. The pooled sensitivity of the three instruments ranged
from 0.56 to 0.76, with the Singh Score demonstrating the highest sensitivity (76%), followed by the Bekhof (63%) and Rosenberg (56%) scores.
The pooled specificity ranged from 0.33 to 0.69, indicating low to moderate ability to exclude non-sepsis cases. Overall, these instruments
demonstrate moderate sensitivity but limited specificity and are more suitable for ruling out sepsis rather than definitively confirming the diagnosis.
Their use should be integrated with comprehensive clinical assessment and additional laboratory investigations. These scoring systems may aid
in risk stratification and help reduce unnecessary treatment by identifying neonates at low risk of sepsis.
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INTRODUCTION

Neonatal sepsis remains one of the leading causes of morbidity and mortality among newborns and continues to be a major contributor to
deaths in children under five years of age. Nearly half (47%) of all under-five deaths occur during the neonatal period (<28 days). It is estimated
that approximately 550,000 neonatal deaths annually are caused by infections, including sepsis. Although the global neonatal mortality rate has
declined by 12.9%, the incidence of neonatal sepsis has paradoxically increased by 12.8% [1]. This trend underscores the persistent burden of
neonatal infections, particularly among vulnerable populations such as preterm infants.

In low- and middle-income countries (LMICs), the burden of neonatal sepsis is even more substantial. Suspected neonatal sepsis has been
reported at a rate of 166 per 1,000 live births; however, only 46.9 cases per 1,000 are laboratory-confirmed, with an estimated mortality of 0.83
per 1,000 patient-days [2]. The high mortality rate is frequently associated with delayed diagnosis, limited access to reliable blood culture results,
and suboptimal referral systems. These systemic constraints contribute to delayed treatment initiation and poorer clinical outcomes.

Beyond acute mortality, neonatal sepsis is also associated with significant long-term consequences, particularly in preterm infants [3].
Survivors are at increased risk of neurodevelopmental impairments, including visual and hearing disorders, cerebral palsy, and cognitive
developmental delays [4]. Furthermore, neonatal sepsis has been linked to serious complications such as necrotizing enterocolitis (7.4%) and
chronic lung disease (58.1%) [5]. These complications not only increase healthcare utilization but also impose long-term socioeconomic burdens
on families and health systems. Therefore, early recognition and prompt management are essential to reduce both mortality and long-term
morbidity, especially in resource-limited settings.

A major challenge in diagnosing neonatal sepsis is the limited availability of diagnostic resources. Approximately 40% of hospitals in LMICs
lack facilities for blood culture testing [6], despite blood culture being considered the gold standard for sepsis diagnosis [7]. In response to these
limitations, several symptom-based clinical scoring instruments have been developed to support early identification. Singh proposed seven clinical
signs, Rosenberg identified five clinical indicators, and Bekhof introduced four clinical parameters to facilitate early diagnosis [8-10]. These
instruments are intended to provide practical and rapid assessment tools in settings where laboratory confirmation is not readily available.

However, validation studies have demonstrated considerable variability in the diagnostic performance of these instruments. For example, the
Singh instrument demonstrated sensitivity and specificity values of 83% and 32%, respectively, in India, but only 56.6% and 52.1% in Bangladesh
[8,9]. The Rosenberg instrument reported values of 77.1% and 50% in Bangladesh, compared with 46% and 72% in South Africa [9,11]. Similarly,
the Bekhof instrument showed wide variation, ranging from 97% sensitivity and 37% specificity in the Netherlands to 55% sensitivity and 71%
specificity in South Africa [10,11]. These discrepancies highlight inconsistencies in diagnostic performance across different populations and
healthcare contexts.

The variability in reported sensitivity and specificity suggests that no single clinical scoring instrument has demonstrated consistently reliable
accuracy across diverse settings, and direct comparative evidence remains limited. Therefore, this study aims to systematically review and critically
evaluate the diagnostic accuracy of symptom-based clinical scoring instruments for neonatal sepsis, in order to determine their sensitivity,
specificity, and overall clinical utility, and to provide evidence-based recommendations for their application in clinical practice, particularly in
resource-limited settings.

METHODS

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines and was prospectively registered in the International Prospective Register of Systematic Reviews
(PROSPEROQ) on August 11, 2025 (registration number CRD420251124655). As this study synthesized data from previously published articles
and did not involve direct contact with human participants or access to identifiable individual data, ethical approval was not required.

Statistical analyses were performed using Stata version 17.0 (StataCorp, College Station, TX) with the midas command for diagnostic test
accuracy meta-analysis. Pooled estimates of sensitivity and specificity were calculated using a bivariate generalized linear mixed model. The
literature search was conducted in June 2025 across seven electronic databases: Sage Journal, ScienceDirect, Oxford Academic, PubMed, Wiley
Online Library, ProQuest, and Springer. The search strategy combined the following keywords: (preterm infants OR premature baby) AND (sepsis
risk score OR infection prediction score OR late-onset sepsis OR predictive clinical score) AND (validation OR diagnostic accuracy), restricted to
titles and abstracts.
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Eligible studies included cross-sectional
and cohort designs evaluating the sensitivity
and specificity of clinical symptom-based
prediction instruments for neonatal sepsis
occurring =72 hours after birth, including
preterm and low birth weight infants. Articles
were screened based on topic relevance,
participant characteristics, study design, and
index tests. Duplicate and retracted articles
were excluded. Full-text articles were
independently reviewed by two investigators
(R and MH), and discrepancies were
resolved through discussion and consensus.

The predictive instruments analyzed
comprised several previously developed
clinical scores. The Singh instrument initially
included 16 clinical signs, later simplified to
seven signs, with reported sensitivity and
specificity of 83% and 32%, respectively
(cut-off =2) [8]. The Clinical Score, derived
from the Singh instrument, demonstrated
sensitivity of 90% and specificity of 22.5%
(cut-off 21) [12]. The Rosenberg score,
based on five clinical signs, reported
sensitivity/specificity values of 77.1%/50%
and 56.5%/52.1% in different validation
studies, using the same cut-off (=1) [9].
Bekhof developed a monogram based on
five clinical indicators without laboratory
parameters, yielding sensitivity of 97% and
specificity of 37% (cut-off =1) [10]. Lloyd
compared these three instruments and
reported the following sensitivity and
specificity ~ values:  Singh  74%/33%,
Rosenberg 46%/72%, and Bekhof 55%/71%
[11].

Data extraction from eligible studies was
performed independently by two reviewers
(R and MH). Extracted information included
the first author's name, year of publication,
study location, study design, instrument
used, sample size, gestational age, birth
weight, cut-off value, area under the curve
(AUC), sensitivity, specificity, positive
predictive value (PPV), and negative
predictive value (NPV). Any discrepancies in
extracted data were discussed until
agreement was reached.

Methodological quality was assessed
using the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool. This
instrument evaluates four domains: patient
selection, index test, reference standard,
and flow and timing. Each domain was rated
as “yes,” “no,” or “unclear.” The risk of bias
was considered low if all signaling questions
within a domain were answered “yes,” high if
any were answered “no,” and unclear if
insufficient information was available to
permit judgment.

RESULTS

The initial literature search identified a substantial number of records. After the removal of duplicates and screening according to predefined
inclusion and exclusion criteria, five primary studies met the eligibility criteria and were included in the final analysis (PRISMA flow diagram) (Figure
1). Among these studies, most evaluated the Singh instrument, whereas the Rosenberg and Bekhof instruments were each reported in two studies.
All instruments relied exclusively on simple clinical indicators without requiring complex laboratory investigations, highlighting their potential
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Figure 1. Flow diagram for neonatal sepsis scoring systems
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Four articles evaluating the Singh instrument included a total of 1,100 neonates with 1,359 episodes of late-onset sepsis, comprising three cohort
studies (India, Bangladesh, and the Netherlands) and one cross-sectional study (South Africa). Two studies assessing the Rosenberg instrument
involved 818 neonates with 1,037 episodes, conducted in Bangladesh and South Africa. Similarly, two studies examining the Bekhof instrument
included 800 preterm infants with 1,028 episodes, using cohort and cross-sectional designs in the Netherlands and South Africa (Table 1).

Table 1. Characteristics of included studies

Author, years, Design Ms./Ins. Par./Inc | Sample GA week (mean, SD) BW Cof.sc.  |AUC | Sen. & PPV |NPV
country (mean, Spe. | (%) | (%)
SD) g (%)
Singh et al., |Cohort study | Singh 7 Signs: lethargy; n: 80 neonates with 105 symptomatic (314+ |(13718+ |22 NA |83& (33
2003, India Score tachycardia; hyperthermia; |episodes. 91% preterm; 93% low birth | 3.4) 507) 32
8] abdominal distension; weight. Inclusion: babies with any of the
increased aspirates; 16 signs, onset after 72 h. Exclusion:
retraction; grunting major congenital malformations
Rosenberg | Retrospective | Rosenberg |5 Signs: apnoea; n: 160 with 193 episodes of suspected |(30.65) |[(1229.2) |=1 0.70 |77.1 |64.9
etal., 2010, Score hepatomegaly; jaundice; nosocomial sepsis. Inclusion; age <72 &
Bangladesh lethargy; pallor h at admission. Exclusion: major 50.0
[9] congenital malformations; unlikely
survival >48 h; early-onset; non-
nosocomial; episodes <4 days apart
Singh 7 Same signs as above NA 56.6 & 78.1 |28.4
Score 52.1
Bekhof et Prospective | Bekhof 4 Signs: increased n: 142 with 187 suspected late-onset (29w + | (1207 21 0.84 |97& |NA
al., 2013, cohort study | Score respiratory support; sepsis episodes. Inclusion: no antibiotics |6 d +351) 37
Netherlands capillary refill time; in last 24 h; <34 weeks postconceptional | +2+1)
[10] pallor/grey skin; central age; >72 h postnatal age; suspicion of
venous catheter infection. Exclusion: major congenital
malformations; unlikely survival >48 h;
early-onset; non-nosocomial; episodes
<4 days apart
Kudawla et | Retrospective | Clinical 6 Signs: grunting; abdominal | n: 202 with 220 clinically suspected (314+ |(1351+ (=1 NA |90& [30.3
al., 2007, Score distension; pre-feed sepsis episodes. Inclusion: weight 2.5) 369) 22.5
India [11] aspirates; chest retractions; | 1000-2500 g; clinical suspicion of
lethargy; tachycardia; LONS. Exclusion: major congenital
hyperthermia malformations; death <24 h
Lloyd et al., |Case-control | South Singh | N: 658 with 841 infection | (28.33) (1062) |=1 0.550 [74& |28 78
2022, South African Score | episodes. Inclusion: 1510 33
Africa [12] Cohort VLBW neonates >72 h.
Exclusion: monitoring
cultures <72 h; insufficient
notes; contaminants
Rosenberg 21 0.566 [46& |37 79
Score 72
Bekhof =1 0.620 |55& |40 |40
Score 71

Methodological quality assessment using QUADAS-2 indicated an overall low risk of bias, although some domains were rated as high or
unclear (Table 2). In the patient selection domain, one Singh study and Lloyd [11] were rated unclear due to limited recruitment information, and
the cross-sectional design contributed to high risk in one study. In the index test domain, Singh and Rosenberg were rated high risk due to
inconsistent threshold determination, whereas Bekhof and Kudawla [12] were rated unclear due to incomplete reporting. In the reference standard
domain, most studies did not explicitly describe assessment procedures. Nevertheless, regarding applicability, all studies were judged to have low
concern and were therefore retained for analysis.

Table 2. Quality assessment of included studies

Study Patient selection (RoB/App) | Index test (RoB/App) Reference standard (RoB/App) Flow and timing (RoB) Note

Singh [8] u/L H/L u/L L RoB = Risk of bias
Rosenberg [9] L/L H/L u/L L App = Applicability
Bekhof [10] L/L U/L U/L L U = Unclear
Kudawla [12] L/L U/L L/L L L=Low

Lloyd [11] H/L L/L u/L L H = High

The pooled analysis across instruments (Table 3) demonstrated variability in diagnostic performance with 95% confidence intervals (Cl). The
Singh instrument showed the highest pooled sensitivity at 0.76 (95% CI: 0.62-0.86), but low specificity at 0.33 (95% CI: 0.24-0.44). In contrast, the
Rosenberg instrument demonstrated the lowest sensitivity at 0.56 (95% CI: 0.51-0.61), yet the highest specificity at 0.69 (95% CI: 0.66-0.73). The
Bekhof instrument exhibited the most balanced performance, with sensitivity of 0.63 (95% Cl: 0.57-0.68) and specificity of 0.65 (95% CI: 0.61-0.68).

Table 3. Pooled sensitivity and specificity

Scale Pooled sensitivity (95% Cl) Pooled specificity (95% Cl) Note

Singh score [8,9,11,12] 0.76 (0.62 to 0.86) 0.33 (0.24 t0 0.44) Cl = Confidence interval
Rosenberg score [9,12] 0.56 (0.51 to 0.61) 0.69 (0.66 to 0.73)

Bekhof [10,12] 0.63 (0.57 to 0.68) 0.65 (0.61 to 0.68)

DISCUSSION

The primary findings of this meta-analysis indicate that the Singh instrument demonstrates relatively good sensitivity for detecting suspected cases

of neonatal sepsis, although its specificity remains comparatively low. This pattern is consistent with previous studies reporting high sensitivity but
limited specificity for the same instrument [8, 12]. When compared with other instruments, the pooled sensitivity of the Singh score was higher than
that of the Rosenberg instrument but lower than the findings reported by Kudawla [8,9,11]. In contrast, the Rosenberg instrument tended to show
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better specificity, albeit with lower sensitivity [9]. These comparative results suggest that the Singh instrument may be more appropriate as an early
screening tool to enhance clinical vigilance, but it is insufficient as a standalone tool to definitively exclude or confirm sepsis.

The variability in sensitivity and specificity across the analyzed studies may be influenced by several factors. Differences in cut-off values, variations
in population characteristics (including gestational age, baseline clinical condition, and the number of sepsis episodes), and heterogeneity in the
reference standards or diagnostic definitions used across studies likely contributed to the observed discrepancies. Diagnostic definitions varied and
included the presence of bacteria detected in blood or cerebrospinal fluid (CSF), positive blood culture results, or clinical suspicion of sepsis
accompanied by positive culture findings [8-12]. Such variations in diagnostic criteria can substantially affect estimates of diagnostic accuracy and
complicate direct comparisons between studies.

The relatively low specificity observed, particularly for the Singh instrument, indicates that it should not be used as the sole basis for establishing
a diagnosis of neonatal sepsis. Instead, its role is more appropriately positioned within an early screening strategy to prompt timely clinical evaluation
and management, including the initiation of empirical antibiotic therapy when indicated [13]. However, the literature also emphasizes that irrational or
prolonged antibiotic use in neonates may increase the risk of complications, including necrotizing enterocolitis, potentially due to alterations in gut
microbiota [14,15]. Therefore, discontinuation of antibiotics when sepsis is not confirmed is strongly recommended as part of global efforts to curb
antimicrobial resistance [16]. In the context of diagnostic accuracy testing, high sensitivity supports the function of an instrument as a rule-out or early
detection tool rather than a confirmatory diagnostic test. Moreover, estimates of sensitivity and specificity may also be influenced by disease
prevalence, which can result in high sensitivity accompanied by low specificity [17]. Notably, most of the primary studies included in this analysis
applied a cut-off value of 21, which theoretically increases sensitivity at the expense of reduced specificity. This trade-off has been consistently
reported in other studies, where improvements in sensitivity are almost invariably associated with declines in specificity estimates [18].

Study design selection may further influence the interpretation of diagnostic performance. Cohort studies are generally considered more robust in
assessing temporal relationships and causal inference, although they remain susceptible to bias due to loss to follow-up. Conversely, cross-sectional
studies are more feasible and efficient but are limited in their ability to establish temporal relationships between exposure and outcome [19]. Both
diagnostic accuracy assessments and comparisons of diagnostic instruments may legitimately employ observational study designs [20]. Interestingly,
methodological reviews suggest that findings from randomized controlled trials and observational studies do not necessarily differ significantly in
estimating causal associations, provided that the research question is comparable and the risk of bias is adequately controlled [21]. Accordingly, the
inclusion of both cohort and cross-sectional designs in this review remains aligned with the study objectives, although methodological heterogeneity
should be carefully considered when interpreting the pooled results.

This study also found that the Rosenberg and Bekhof scores tended to demonstrate a more balanced profile between sensitivity and specificity,
with the Rosenberg score showing relatively stronger specificity in pooled analysis. Nevertheless, these findings should be interpreted with caution.
The limited number of included studies increases the risk of statistical instability and reduces the ability to detect and quantify heterogeneity accurately
[22]. Undetected heterogeneity may compromise the consistency and reliability of pooled estimates [23]. Therefore, the present findings should be
regarded as complementary evidence that supports existing literature rather than as a definitive basis for clinical decision-making [24-26]. Broader
external validation studies involving diverse populations and standardized diagnostic criteria are still required to establish more consistent and
generalizable estimates of diagnostic performance for these instruments.

CONCLUSION

These findings indicate that the Singh instrument demonstrates reasonably good performance as an early detection tool for neonates
suspected of having sepsis. However, it cannot be used as a definitive basis for establishing a diagnosis and does not replace biomarker-based
assessments as the diagnostic gold standard. Meanwhile, the Rosenberg and Bekhof instruments require broader external validation to determine
the consistency and generalizability of their results. Overall, symptom-based clinical instruments may serve as useful initial screening tools in
resource-limited settings, but their application should be complemented by additional diagnostic investigations to ensure accurate and reliable
diagnosis.
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