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ABSTRACT

Background: Neonatal infections, mainly sepsis, constitute an extremely important cause of morbidity and mortality in
newborns, particularly in developing countries. Early diagnosis is important for receiving proper treatment and better prognosis.

Objective: To assess the diagnostic ability of different hematological parameters in neonatal sepsis taking blood culture as a
gold standard.

Methods: A total of 102 neonates admitted to NICU, at PAEC General Hospital, Islamabad, between Feb, 2023 to April, 2024,
with clinical suspicion for sepsis were included in the study. Each patient was subjected to lab investigations which included
WBC, ANC, Platelets, CRP and blood culture. Neonates were categorized as Group A (culture-positive sepsis, n=48) and Group
B (culture-negative sepsis, n=54). The diagnostic performance of these hematological indices was evaluated on the basis of
comparison with culture report.

Results: The percentage of neonates was 54.2% for the Group A and 57.4% for the Group B, no statistically significant
difference (p = 0.756). Likewise, there was no statistically significant difference in the average gestational age and birth weight
between Group A (36.8 = 2.4 weeks; 2.65 + 0.58 kg) and Group B (37.1 + 2.2 weeks; 2.72 = 0.62 kg) (p = 0.530 and p = 0.620,
respectively). Leukocytosis was recorded in 25.0% of the neonates in group A compared to 9.3% of the babies in group B
(p=0.032). Thrombocytopenia was observed in 58.3% of culture- positive neonates compared to that in 31.5% culture negatives
cases (p = 0.011). Significantly higher proportions of neonates from Group A had elevated CRP levels (> 10 mg/L) compared
to those from Group B (79.2% vs. 22.2%, p < 0.001).

Conclusion: Hematological parameters, especially CRP levels, ANC and thrombocytopenia are useful markers for diagnosis
of neonatal sepsis. CRP, in particular, showed the best sensitivity and specificity as a sepsis biomarker for neonates.

Keywords: C-reactive protein, Diagnostic markers, Hematological parameters, Leukocytosis, Neonatal blood culture, Neonatal
infections, Neonatal sepsis, NICU study, Platelet count, Prospective study, ROC curve, Thrombocytopenia.
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INTRODUCTION

Neonatal sepsis contributes significantly to global neonatal morbidity and mortality, especially in low and middle-income countries
(LMIC) (1). Neonatal sepsis occurs from birth to 28 days of life (2). The clinical presentation of neonatal sepsis is non-specific and
diagnosing it in its early stage is important (3). If timely introduction of antibiotics is not done, neonatal sepsis complicates into septic
shock, multi-organ dysfunction syndrome (MODS) and death (4). One of the major difficulties in the management of neonatal sepsis is
differentiating true infection from other neonatal illnesses, due to common symptoms including lethargy, poor feeding and respiratory
distress (5, 6). Blood cultures are the gold standard for sepsis diagnosis. Nevertheless, they are time-consuming (a minimum of 48 hours
of incubation is required), maybe false negative as a result of prior antibiotic exposure in neonates or maternal perinatal exposure, low-
grade bacteremia, and small sample volumes in neonates (7).

Due to the constraints of blood cultures, using hematological parameters as early diagnostic markers for neonatal sepsis has received
increasing attention (8, 9). Of these the WBC, ANC, platelet count and C-reactive protein are most well established (10, 11). These point
of care investigations offer an affordable and fast technique that can potentially recognize the neonates with sepsis (12). Although many
investigations have documented the usefulness of these parameters, in particular in adult patients, published data on their diagnostic
accuracy is slightly controversial, particularly in the neonatal population, where they showed variable sensitivity and specificity (13).
The current study was performed to assess the utility of hematologic parameters such as WBC, ANC, platelet count and CRP for
diagnosis of sepsis in neonates with clinical signs and symptoms. This study aims to compare the hematological values in neonates with
culture- proven sepsis and those with culture-negative sepsis, helping us identify which parameters are more reliable for early detection
that could aid clinicians in timely intervention, eventually leading to decreased morbidity and mortality due to sepsis in the newborns.

METHODS

The study was a prospective observational investigation conducted over a 15-month period in the Neonatal Intensive Care Unit (NICU)
of PAEC General Hospital, Islamabad, from February 2023 to April 2024. A total of 102 neonates admitted with clinical signs and
symptoms suggestive of sepsis were included. Eligibility criteria required that neonates present with clinical indicators of sepsis, such
as temperature instability (hypothermia or hyperthermia), respiratory distress, tachycardia/bradycardia, lethargy, irritability, poor
sucking, signs of poor perfusion, or a maternal history of infection. Exclusion criteria included neonates diagnosed with respiratory
distress syndrome, major congenital malformations, or congenital heart disease.

Each neonate was examined by pediatric residents, and a detailed history was taken, including any predisposing perinatal factors present
at the time of admission. Based on blood culture results, neonates were divided into two groups: Group A, consisting of neonates with
blood culture-proven septicemia (n = 48), and Group B, consisting of neonates with clinical signs of sepsis but negative blood cultures
(n=54). Blood samples were collected from all neonates under aseptic conditions upon admission and before the initiation of antibiotic
treatment. A volume of 2 to 3 ml of blood was processed for hematological analysis and for culture in a culture bottle. Hematological
parameters, including white blood count (WBC), absolute neutrophil count (ANC), platelet count, and C-reactive protein (CRP), were
automatically analyzed using a hematology analyzer. Peripheral smear microscopic examination was performed by a pathologist.
Bacterial growth in blood cultures was detected by incubating the cultures for seven days using automated blood culture systems.

The WBC, ANC, platelet count, and CRP levels were compared between the two groups to evaluate their diagnostic value. The specific
ranges for each hematological parameter were as follows: leukocytosis was defined as a WBC count > 25,000 cells/mm? at birth, >
30,000 cells/mm? at 12-24 hours of life, and > 21,000 cells/mm? from the second day of life onward; leukopenia was defined as a WBC
count < 5,000 cells/mm?; neutropenia as an ANC < 1,500 cells/mm?; thrombocytopenia as a platelet count < 150,000 cells/mm?; and
elevated CRP levels were considered as > 10 mg/L. Data analysis was carried out using SPSS software, version 26.0. Normally
distributed continuous variables were described as means with standard deviations (SD) and compared between groups using
independent t-tests. Categorical data were expressed as frequencies and percentages, and differences between groups were compared
using the chi-square test. Receiver Operating Characteristic (ROC) curves were constructed to evaluate the diagnostic accuracy of each
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hematological parameter; the Area Under the Curve (AUC) was used to represent both sensitivity and specificity values obtained. A p-
value of <0.05 was considered statistically significant.

RESULTS

Table 1 Demographic and Clinical Characteristics of the Study Population (n = 102)

Variable Group A (Culture- positive), Group B (Culture- negative), p-value
(n=48) (n=54)

Male, n (%) 26 (54.2%) 31 (57.4%) 0.756

Female, n (%) 22 (45.8%) 23 (42.6%) 0.756

Gestational age (weeks) 36.8+24 37.1+£22 0.530

Birth weight, (kg) 2.65+0.58 2.72+0.62 0.620

Prematurity, n (%) 14 (29.2%) 12 (22.2%) 0.441

A total of 102 neonates with 48 in the culture-positive group (Group A) and 54 in the culture- negative group (Group B). The percentage
of neonates was 54.2% for the Group A and 57.4% for the Group B, no statistically significant difference (p = 0.756). Likewise, there
was no statistically significant difference in the average gestational age and birth weight between Group A (36.8 + 2.4 weeks; 2.65 +
0.58 kg) and Group B (37.1 + 2.2 weeks; 2.72 £ 0.62 kg) (p=0.530 and p = 0.620, respectively). Prematurity was also comparable in
both groups, at 29.2% in Group A and 22.2 % in group B (p =0.441).

Table 2 Hematological Parameters in Culture-Positive and Culture-Negative Neonates

Parameter Group A (Culture-positive), Group B (Culture- negative), p-value
(n=48) (n=54)

WBC (cells/mms) 18,500 * 6,200 12,800 + 5,400 <0.001

ANC (cells/fmm3) 9,200 + 3,500 5,900 + 2,800 <0.001

Platelet count (/mm3) 146,000 £52,000 190,000 + 45,000 0.002

CRP (mg/L) 28.3+14.2 8.9+5.38 <0.001

Hemoglobin (g/dL) 151+1.8 157+£22 0.177

Differences in the hematologic parameters of the 2 Groups, the mean WBC was significantly increased in those with a positive culture
result versus negative culture result, 18,500 + 6,200 cells/mm? compared to 12,800 + 5,400 cells/mm?, p <0.001. More culture-positive
neonates had thrombocytopenia (Group A 146,000 = 52,000/mm?® vs. Group B 190,000 +45,000/mm?, p = 0.002). However, the
hemoglobin levels of the groups did not differ significantly (p = 0.177).
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Table 3 Frequency of Abnormal Hematological Findings in the Study Population

Parameter Group A (Culture- Group B (Culture- p-value
positive), (n=48) negative),
(n=54)
Leukocytosis (> 25,000 cells/mms3) 12 (25.0%) 5 (9.3%) 0.032
Leukopenia (< 5,000 cells/mm3) 6 (12.5%) 3 (5.6%) 0.211
Neutropenia (ANC < 1,500 cells/mm3) 10 (20.8%) 7 (13.0%) 0.305
Thrombocytopenia (<150,000/mm3) 28 (58.3%) 17 (31.5%) 0.011
Elevated CRP (> 10 mg/L) 38 (79.2%) 12 (22.2%) <0.001

The culture positive group was more likely to display abnormal hematological findings. Leukocytosis was recorded in 25.0% of the
neonates in group A compared to 9.3% of the babies in group B, (P=0.032). Thrombocytopenia was observed in 58.3% of culture-
positive neonates compared to that in 31.5% culture negatives cases (p = 0.011). Significantly higher proportions of neonates from
Group A had elevated CRP levels (> 10 mg/L) compared to those from Group B (79.2% vs. 22.2%, p <0.001).

Table 4: Diagnostic Accuracy of Hematological Parameters for Culture-Positive Sepsis

Parameter Sensitivity Specificity (%)  AUC (95% CI) p-value
(%)

WBC 70.8 66.7 0.74 (0.66-0.83) <0.001

ANC 72.9 61.1 0.78 (0.69-0.87) <0.001

Platelet count 58.3 68.5 0.71 (0.62-0.80) 0.002

CRP 79.2 77.8 0.85 (0.76-0.92) <0.001

Combination (WBC +CRP) 85.4 72.2 0.88 (0.79-0.95) <0.001

The sensitivity and specificity of CRP was 79.2% and 77.8%, respectively with an area under the curve (AUC) of 0.85 (95% CI, 0.76—
0.92; p <0.001). These specificities reached 85.4% and 72.2%, respectively (AUC = 0.88; 95%CI, 0.79-0.95, p <.001), when combined
WBC and CRP measurements, providing a synergic effect with the same sensitivity outcome.

Table 5: Comparison of (PPV) and (NPV) of Hematological Parameters

Parameter PPV (%) NPV (%) p-value
WBC 65.2 71.2 <0.001
ANC 68.9 70.1 <0.001
Platelet count 60.0 67.4 < 0.002
CRP 81.0 76.4 <0.001
Combination (WBC +CRP) 84.3 78.9 <0.001

Finally, regarding the PPV and NPV for each parameter, CRP showed the highest PPV (81.0%) and NPV (76.4%). WBC plus CRP had
the highest combined sensitivity/specificity, as well as highest PPV (84.3%) and NPV (78.9%), compared to all the other additional
combinations tested showing a statistical difference (p > 0.001). This confirms that CRP does have a role in the early detection of sepsis
and should be combined with other hematological parameters which may also assist in this task.
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DISCUSSION

The objective of the present analysis was to evaluate the diagnostic performance of hematological indexes in neonates with clinical
sepsis. Our results indicate that values of CRP, WBC, ANC and platelets are still potentially useful markers for diagnosis of neonatal
sepsis if used collectively. In our study, CRP had the greatest diagnostic ability with respect to the AUC (0.85), and values of sensitivity
79.2%, and specificity 77.8%. These results are similar to the studies by Malik et al. (2010). The sensitivity and specificity of CRP in
diagnosing neonatal sepsis were found to be 80% and 75% respectively (14). In addition, our study also showed that the combined
detection of CRP and WBC significantly improved diagnostic accuracy (AUC 0.88), which was consistent with the conclusion drawn
by Franz et al. (1999) (15). In our study, WBC and ANC also showed high diagnostic accuracy with AUCs of 0.74 and 0.78, respectively.
Our findings are consistent with that of Rodwell et al. (1988), WBC with 67% sensitivity and 64% specificity, and ANC with 71%
sensitivity and 68% specificity, which are in agreement with the results of our study (16). Another important result of this study was
thrombocytopenia, as 58.3% of neonates in the culture-positive group presented platelet count < 150,000/mm? versus 31.5% in the
culture- negative group (p=0.011). These results are similar to those of Gupta et al. (2003), reported that 55% of neonates with sepsis
presented with thrombocytopenia (17).

The frequency of leukocytosis in our study (25.0% of culture-positive neonates) is discreetly lower than previous reports (30-40%) as
described by Hornik et al., (2012). Nevertheless, our data remained in the plausible range and maintained the validity of an increased
WBC count as a marker for sepsis diagnosis, albeit leukocytosis alone being not sensitive enough (18). On the other hand, leukopenia
was a remarkable biomarker of sepsis in 12.5% of culture-positive cases despite being less frequent according to another publication.
We detected an elevated CRP (>10 mg/L) in 79.2% of culture positive neonates which compares favorably to the frequently quoted 70-
90% range commonly cited in previous studies (19). Because of its high sensitivity, CRP is a good parameter for neonatal sepsis and
combined to the other parameters as ANCs and WBCs, the early diagnosis will be more likely. Although our PPV of 81.0% and NPV
of 76.4% for CRP differ from the meta-analysis by Hofer et al. (2012), serum CRP was detected in high accuracy with a PPV of 80%
and NPV 77%. These values indicate that CRP is a reliable predictor of sepsis, provided its clinical application is appropriately used in
reducing false positives and negatives (20).

CONCLUSION

Our study signifies the importance the diagnostic utility of hematological parameters in detection of neonatal sepsis, especially in low-
income nations where quick determination is vital. C-reactive protein (CRP) was a significant parameter among the evaluation scores
with both sensitivity and specificity values, so probably it has the highest usability as a detectable marker. The diagnostic accuracy was
even improved when used in combination with white blood cell count (WBC) and absolute neutrophil count (ANC), providing clinicians
a useful adjunct to early diagnosis as well as eventual initiation of treatment of neonatal sepsis.
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