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Background: Neonatal sepsis is a life-threatening but treatable condition if diagnosed early, though its 
nonspecific signs can delay detection. C-reactive protein (CRP) is a helpful marker, but its diagnostic 
accuracy varies. This study evaluates CRP’s accuracy in diagnosing neonatal sepsis, using blood 
culture as the gold standard. Methods: This cross-sectional study was conducted at the Paediatric 
department of Ittifaq Hospital, Lahore, over a six-month period. A total of 150 patients were included. 
After fulfilling the study criteria, Informed consent from either parent, as well as a detailed history and 
a blood sample, were taken for CRP and blood culture tests. All data were analysed using SPSS-24. 
The data were stratified by age and gender to address the issue, and a chi-square test was applied with a 
p≤0.05 considered significant. Result: Among the total 150 patients, the mean age was 14.46±7.61 
days, with 64 (42.7%) females, and the mean CRP was 10.97±13.23. CRP was found positive in 47 
(31.33%) patients, whereas Blood culture was positive in 45 (30.00%). The sensitivity and specificity 
of CRP were 93.33% and 95.24% respectively, with an overall diagnostic accuracy of 94.67%. A 
significant association was also found between blood culture and CRP, p<0.001. Conclusion: CRP is a 
good diagnostic tool for diagnosing neonatal sepsis. Using this simple test, an accurate and timely 
diagnosis can be made, and it can help initiate early medical treatment for these high-risk cases. These 
findings support CRP’s utility for ruling out sepsis and guiding early antibiotic discontinuation. 
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INTRODUCTION 
Neonatal sepsis is a bloodstream infection among 
neonates, i.e., aged <28 days, and remains a major cause 
of mortality and morbidity in low- and middle-income 
countries.1,2 Neonates are predisposed to infections 
during the perinatal period due to a relatively 
compromised immune system. The burden of neonatal 
sepsis is attributed to neonatal infections, which vary by 
geographic region and maternal and neonatal risk factors. 
Worldwide, it is estimated that more than 1.3 million 
neonatal deaths annually are the consequence of neonatal 
sepsis.3 Its incidence varies worldwide but remains 
between 1 and 5 in 1000 live births.4 

There are mainly two types of neonatal sepsis: 
early-onset sepsis (EOS) and late-onset sepsis (LOS). 
EOS remains a common and serious problem for 
neonates, especially preterm infants. Group B 
streptococcus (GBS) is the most common etiologic  
 

agent, while Escherichia coli is the most common cause 
of mortality. LOS attributable to Gram-positive 
organisms, including coagulase-negative Staphylococci 
and Staphylococcus aureus, is also associated with 
increased morbidity and mortality among premature 
infants.1,5 

Early diagnosis of neonatal sepsis is often 
difficult because of the nonspecific symptoms and signs.6 
Traditional methods, such as blood culture, though it’s a 
gold standard but its accuracy is being questioned 
because of spurious positive results due to 
contamination, negative blood cultures even sometimes 
in fatal cases, and the time it takes to get a result.7 Thus, 
in addition to blood culture, different laboratory tests are 
evaluated in the diagnosis of EOS, of which complete 
blood count with different neutrophil parameters and C-
reactive protein (CRP) are most frequently used.8 

The diagnostic accuracy of CRP for neonatal 
sepsis shows significant variability across studies, 
influenced by cutoff values, the timing of sepsis onset, 
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and testing. A recent Pakistani study highlights this 
heterogeneity: Irshad et al, reported a sensitivity of 
77.6% and a specificity of 73.8%, while Aslam et al, 
documented 94% sensitivity and 74% specificity at a 
cutoff of >10 mg/L.9,10 Earlier work by Hisamuddin  et 
al, showed lower sensitivity, i.e., 76.92% and specificity 
53.8%.11 Conversely, some studies report higher 
accuracy, such as Younis S  et al, with sensitivity and 
specificity both 95%, though these findings are less 
consistent with recent literature.12 Overall, CRP’s 
negative predictive value (NPV) tends to be robust 
(81.2%-93.7%), supporting its role in ruling out sepsis, 
while variables’ positive predictive value (PPV) limits its 
confirmatory utility.  

It is now evident that CRP is a potential 
diagnostic tool for neonatal sepsis, as supported by a 
meta-analysis by Liu Y  et al. However, the literature 
shows wide variation in reported diagnostic accuracy, 
creating uncertainty about CRP's true reliability in 
clinical practice.13 While blood culture remains the gold 
standard for diagnosing neonatal sepsis, it is time-
consuming, often taking 48 hours to 6 days til result, 
during which critical delays in treatment may worsen 
neonatal outcomes. Timely and accurate diagnosis 
remains a challenge, and given the limitations of blood 
culture and the variability in CRP’s reported for 
accuracy, this study was conducted to determine the 
diagnostic accuracy of CRP for diagnosing neonatal 
sepsis, using blood culture as the gold standard.  

METHODOLOGY 
This cross-sectional study was conducted at the 
Department of Paediatrics, Ittifaq Hospital, Lahore, over 
a six-month period from January 1, 2023, to June 30, 
2023. 

After obtaining ethical approval from the 
institute ethical board, and through purposive sampling, 
a total of 150 patients were taken in this study using 
WHO sample size calculator, which determined that a 
minimum of 147 participants was required based on an 
expected sensitivity of 77.6%, specificity of 95%, a 
predicted prevalence of 50%, a desired precision of 10% 
and a 95% confidence interval.9,12 

All patients of either gender, aged 0 to 28 days, 
who presented with suspected neonatal sepsis were 
included. Neonates with major congenital anomalies, 
e.g., heart defects, neural tube defects, Down syndrome, 
very low birth weight (<1000 g), or underlying surgical 
conditions, like intussusception, imperforate anus, were 
excluded based on clinical presentation and radiographic 
investigation. 

After fulfilling the criteria, Informed consent 
was obtained from either parent, and a detailed history 
was taken, including their age, gender, and address, in a 
standardised form. CRP and blood cultures were 
obtained from all patients at admission and sent to the 

laboratory free of charge. After all aseptic measures, 2 cc 
of blood was taken and inoculated into a blood culture 
bottle containing brain heart infusion (BHI). For CRP 
estimation, blood was taken using a 3 cc syringe. CRP 
was performed by latex agglutination assay in Ittefaq 
hospital laboratory, and a value more than 6 mg/L was 
considered as raised or positive. Diagnosis of neonatal 
sepsis on culture was based on the presence of bacteria or 
fungi; cultures with>105 colonies/HPF were labelled 
positive for neonatal sepsis. Blood culture 
(positive/negative) and CRP (raised/not raised) were also 
noted in the same form by the researcher herself.  

All the data collected were entered and 
analysed using SPSS-24. For qualitative variables, such 
as patient gender, neonatal sepsis on blood culture, and 
CRP levels greater than 6, results were presented as 
frequencies and percentages. For quantitative variables 
such as age and CRP levels, the mean ± SD was 
calculated. A 2×2 table was made for CRP (>6) and 
blood culture (positive, negative). Sensitivity, 
specificity, positive predictive value, negative predictive 
value, and diagnostic accuracy were calculated 
manually for CRP using blood culture as the gold 
standard. The data were stratified by age and gender to 
address potential effect modifiers, and a post-stratified 
chi-square test was applied to determine significance 
(p≤0.05). 

RESULTS 
Among total 150 patients, with mean age of the patients 
was 14.46±7.61 days(min 1 and max 28 days), females 
64 (42.7%) and males 86 (57.3%) participated, with a 
mean value of CRP 10.97±13.23 (min 1 and Max 70) it 
was found positive in 47 (31.33%)  patients, whereas 
Blood culture was positive in 45 (30.00%), Table-1. 
Among the 47 (31.3%) positive CRP cases, blood culture 
was found to be positive in 42 (89.4%), as shown in 
Table-2. The sensitivity and specificity of CRP were 
93.33% and 95.24% respectively. The positive and 
negative predictive values were 89.36% and 97.09%, 
respectively, with an overall diagnostic accuracy of 
94.67% Table-3. When data was stratified for age group 
and Gender significant association between blood culture 
and CRP was found, p<0.001, Table-4. 

Table-1: Descriptive statistics of sample n=150 
Variable  n (%) 
Age 14.46±7.613 (1–28)  
CRP Value 10.97±13.259 (1–70)  
Gender Female 64  (42.7) 

Male 86 (57.3) 
Age group 0–14 days 86 (57.33%) 

15–28 days 64 (42.67%) 
Blood culture Negative 105 (70%) 

Positive 45 (30%) 
CRP value Negative 103 (68.7%) 

Positive 47 (31.3) 

Table-2: Comparison between CRP and blood culture 
Variable Blood culture Total 
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Positive Negative 
CRP Positive 42 (93.3%) 5 (4.8%) 47(31.3%) 

Negative 3 (6.7%) 100 (95.2%) 103 (68.7%) 
Total 45 (100%) 105 (100%) 150 (100%) 

Table-3: Diagnostic metrics of CRP and blood culture 
Matrics Point Estimate 95% CI 
Sensitivity 93.33% (82.14, 97.71) 
Specificity 95.24% (89.33, 97.95) 
Positive Predictive Value 89.36% (77.41, 95.37) 
Negative Predictive Value 97.09% (91.78, 99) 
Diagnostic Accuracy 94.67% (89.83, 97.27) 

Table-4: Comparison between CRP and age group 
with respect to blood culture, n=150 

Variable 
Blood culture 

Total p Negative Positive 
Age-group 

1–14 days 59 (56.2%) 27 (60%) 86 (57.3%) 0.666 15–28 days 46 (43.8%) 18 (40%) 64 (42.7%) 
CRP 

Negative 100 (95.2%) 3 (6.7%) 103 (68.7%) 0.000 Positive 5 (4.8%) 42 (93.3%) 47 (31.3%) 

DISCUSSION 
This cross-sectional study demonstrates exceptionally 
high sensitivity (93.33%) and specificity (95.24%) of 
CRP for diagnosing neonatal sepsis, using blood culture 
as the gold standard. While these results suggest CRP’s 
utility as a diagnostic tool, they must be contextualised 
within existing literature and evaluated for 
methodological influences. Below, we analyse each key 
finding through comparative literary analysis.  

The observed sensitivity (93.33%), specificity 
(95.24%), and diagnostic accuracy (94.67%) are notably 
high and comparable to a similar study conducted 
nearby, which reported a sensitivity of 97.3%, 
specificity of 95.2%, and a diagnostic accuracy of 
96.6% for CRP. Twelve other studies reported lower 
values, including 77.6% sensitivity, 76.92% sensitivity, 
73.8% specificity, and 53.99% specificity, as well as 
75% and 70.07% diagnostic accuracy of CRP, by Irshad 
et al, and Al-Atwi SS  et al, respectively.9,14 Our 
findings exceed these benchmarks, aligning with only a 
few single-centre studies that reported similarly high 
CRP sampling (14-day mean age, likely at peak 
infection phase) or variability in CRP thresholds and 
assay methods, which meta-regression suggests may 
significantly influence accuracy.15 Still, the strong 
diagnostic metrics support CPR’s potential utility, albeit 
requiring validation in larger, more representative 
cohorts. 

Our high NPV (97.09%%) suggests CRP 
effectively rules out sepsis, supporting antibiotic 
discontinuation in negative cases. This aligns with 
recent evidence that serial CRP measurements reduce 
antibiotic exposure by 7 (17%).16 However, the PPV 
(89.36%%) may be inflated by variability in CPR cut-
offs and assay methods, which can yield false positives 
in the presence of non-infectious inflammation, such as 
birth trauma, intraventricular hemorrhage.17 Crucially, 

blood culture’s limitations as a gold standard-false 
negative occurs in 30-70% of sepsis cases due to low 
bacteremia volumes—may misclassify the true sepsis 
cases as false negatives, artificially elevating PPV.18 

The strong association between CRP and 
blood culture positivity (p<0.005) reinforces CRP’s 
diagnostic relevance. Yet, the imperfect sensitivity of 
blood cultures necessitates cautious interpretation. 
Studies indicate that maternal antibiotics reduce culture 
sensitivity, which may explain why only 4.8% of our 
CRP-positive cases had blood culture-negative infants 
with clinical symptoms.19 Thus, while CRP correlates 
with culture results, its true value may lie in identifying 
culture-negative sepsis. 

The absence of an association between CRP 
accuracy and gender/age group suggests consistent 
performance across neonatal subgroups. This contrasts 
with the literature, which shows that gestational age 
significantly affects CRP kinetics, with preterm infants 
exhibiting delayed and attenuated CRP responses.20 Our 
findings may reflect homogeneous sampling (mean age 
14 days; term infants), missing EOS where age effects 
are pronounced. Future studies should stratify by onset 
type to clarify demographic interactions. 

Although enrolling 150 neonates yields 
moderate precision (95% CI ±10–15%), relying on a 
single CPR measurement at a mean age of 14 days 
likely misses the early inflammatory peak, which occurs 
around 36–48 hours post-infection.21 As is clearly 
evident, the difference in values of diagnostic accuracy 
of CPR measured at the time of admission and after 72 
hours, reporting higher values at 72nd hours.22 

Moreover, neonatal blood cultures often fail to detect 
low-grade bacteremia (<4CFU/mL), leading to false 
negatives that inflate CPR’s apparent accuracy.23 
Nevertheless, the high NPV supports CRP’s use to rule 
out sepsis and reduce antibiotic duration—serial CRP 
protocol has cut treatment courses by up to 48–54% in 
similar cohorts.24 To enhance confiramatroty power, 
future strategies should integrate CRP with early-phase 
markers (e.g., IL-6, procalcitonin) and standardise serial 
sampling at symptom onset and 24 hours later. 

CONCLUSION 
CRP provens high diagnostic accuracy and excellent 
NPV for neonatal sepsis compared to the blood culture. 
These findings support the utility of CRP in ruling out 
sepsis to guide early antibiotic discontinuation. 
However, the variability in CPR thresholds and assay 
methods, as well as a single CRP measurement, limits 
generalizability. Future prospective studies with serial 
measurements and multi-marker approaches are 
warranted to validate these findings. CPR remains a 
valuable- though not a standalone—adjunct in neonatal 
sepsis diagnosis. 
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