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Abstract:

Early detection and appropriate treatment of newborn sepsis reduce mortality and morbidity. A rapid, inexpensive laboratory approach is
needed to assess newborn sepsis, even though blood culture is the gold standard for diagnosis. To compare serial CRP and Total Leukocyte
Count (WBC) with blood culture, this study aimed to evaluate the role of newborn sepsis. A total 148 neonates with clinical symptoms of
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sepsis were included .CRP was measured by quantitative immuno turbidimetric method andotal leukocyte count (WBC) was measured by
automated cell counter. CRP1 and WBC1 were measured within 6 hours of clinical symptoms. CRP2 and WBC2 were measured after 48
hours of clinical symptoms. Sensitivity, specificity, PPV, NPV of CRP1 and CRP2,WBC land WBC 2 were compared with culture positive
and negative sepsis.CRP 2 showed high sensitivity 96% and high NPV95% with significant p value <0.0001. WBC2 has high sensitivity
(90.57%) and NPV (91%) with significant p value <0.0001. CRP 1 has sensitivity 83%and NPV 82.3%, with p value < 0.001.WBC1 has lowest
sensitivity (62.2%) and NPV (71.4%) compared to all other parameters. Serial CRP and WBC measurements are useful in the diagnosis of
neonatal sepsis. Measurement of CRP and Total Leukocyte Count (WBC) after 48 hours of clinical symptoms were considered promptly for
diagnose neonatal sepsis

Keywords: Neonatal sepsis, C-reactive protein, total leukocyte Count

Abbreviation:
CRP: C - reactive protein; WBC: White blood cell count; NICU: Neonatal Intensive Care Unit; PPV: Positive predictive value; NPV:
Negative predictive value

T— T— To— To— To——
Background: the following laboratory parameters. Following that, tests were
Within the first four weeks of life, newborns can develop neonatal ~ conducted.
sepsis, a systemic infection [1]. The leading cause of neonatal
mortality and morbidity in developing nations is neonatal sepsis,a ~ CRP 1 and CRP 2:
dangerous illness that poses a serious risk to life. Neonatal sepsis =~ CRP was divided into CRP1 and CRP2 categories based on the time
can affect 1-24.5/1000 live births and 1-8 instances of all live births  of sample collection. CRP1 time of sample collection was completed
in India [2]. Neonatal sepsis is likely to cause 30 to 50 percent of  within six hours of the onset of clinical sepsis signs. CRP2 time of
neonatal deaths annually in underdeveloped nations [3-4]. sample collection was completed following 48 hours of sepsis-
Therefore, early identification and treatment are crucial for a  related clinical symptoms.
successful outcome. The gold standard diagnosis is blood culture.
However, it is not available in all peripheral centers, it is expensive ~ Total leukocyte Countl (WBC1) andTotal leucocyte Count2
and the findings are not always available right once. Numerous (WBC2):
infants with sepsis-related clinical signs and symptoms have blood =~ WBCI1- Time of sample collection within 6 hours of the onset of
cultures that are frequently negative. Hence quick convenient, sepsis-related clinical signs. WBC2 time of sample collection was
affordable, laboratory methods are required to evaluate neonatal ~ completed following 48 hours of sepsis-related clinical symptoms.
sepsis. Many investigators have evaluated new markers like pro-
calcitonin, cytokines, cell surface antigens for rapid diagnosis of  Blood culture:
sepsis, but their use in routine practice are limited by the lack of  Estimation of CRP:
resources in developing countries [5-7] .C -Reactive protein and In a red top tube, 2 cc of blood were drawn for the CRP
Total leukocyte counts (WBC) are frequently used for diagnosing  measurement. The serum was separated and centrifuged at 2000~
neonatal sepsis, but a single value of CRP and WBC alone not 3000 rpm for 15 minutes after it had been allowed to clot for 20
sufficient to include and exclude sepsis. Therefore, it is of interest to ~ minutes. Following that, serum was extracted and its amount
assess the role of serial CRP and Total Leukocyte Count (WBC) in  calculated using an automated analyzer and an immuno-
neonatal sepsis and to compare with blood culture. turbidimetric technique CRP, >5 mg/L, is regarded as positive

(normal range, 2-5 mg/L).

Materials and Methods:
Study population: Total leukocyte count:
This cross-sectional study was carried out at the Government 1ml of blood was taken in EDTA tube and estimated by five part
Stanley Medical College and Hospital, Neonatal Intensive Care  Automated Sysmex haematology analyzer. Total leucocyte Count
Unit (NICU), Department of Pediatrics, Department of (WBC), <5000/uL or >15000/pL considered as positive (Normal
Biochemistry and RSRM. The institutional ethical committee's range 5000-15000uL). When there was a clinical suspicion of sepsis,
clearance was obtained. The study involved 148 newborns admitted ~ 1 ml of blood was taken in a culture vial under aseptic conditions.
to the NICU with sepsis-related clinical signs. The neonates were  Brain Heart Infusion broth (BHI) is contained in blood culture
included in the study after parents or guardians gave informed bottles in a 1:10 blood to BHI ratio. On day 1, day 3, and day seven,
consent based on the inclusion and exclusion criteria listed below. subsequent sub-cultures were performed on 5 percent sheep blood
All newborns admitted to the NICU with a clinical suspicion of  agar, chocolate agar, and Maccon key agar. Following the Clinical
neonatal sepsis in accordance with WHO integrated criteria were ~ Laboratory — Standard  Institute  (CLSI)  recommendations,
included [8].Infants receiving antibiotics before examination and  microorganisms were identified. Blood cultures were considered
patients who have already had outside treatment have been sent to ~ positive when the same microbe with the same antimicrobial
our facility. Blood samples were taken under rigorous aseptic  sensitivity developed in both samples within 72 hours after
precaution following the NICU's standard operating procedure for  collection.
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The National Neonatology Forum's definition of sepsis for hospitals
is based on culture [9].Newborns confirmed sepsis (Culture
positive) or culture verified sepsis is the first sepsis category. The
second group included the Possibility of sepsis or clinical sepsis
(Culture negative). In light of the results of the blood culture, two
groups of newborns were created.

[1] Culture-proven sepsis is defined as sepsis with culture-
positive results and sepsis-related clinical signs.

[2] Sepsis with culture-negative results and clinical signs of
the disease (probable sepsis)

Sensitivity, specificity, PPV, NPV of CRP1&2 and WBC 1&2
compared with gold standard test (blood culture)

Table 1: Distribution of baseline characteristics of the study population

No of neonates with

Child’s characteristic ~ clinical symptoms

©Biomedical Informatics (2022)

35.81 %
64.18 %

Positive 53
Negative 95

Table 2: Comparison of baseline characters of neonates in culture positive and culture
negative sepsis

Culture positive Sepsis  Culture negative sepsis

n=53 n=95

Number % Number %
Gender
Male 45 84 % 50 52.6 %
Female 8 16 % 45 47.4 %
Maturity
Pre-term 35 66 % 46 48.4 %
Term 18 34 % 49 51.6 %
Mode of Delivery
Assisted 21 38.1 % 64 67.3 %
Normal 32 61.9 % 31 32.7 %
Birth Weight
Low 36 67 % 40 421 %
Normal 17 23 % 55) 57.9 %

Table 3: Micro organism found in blood culture reports

of sepsis n=148 Percentage® Micro organism found in blood culture  No of patients %
Gender E coli 5 9.43%
Male 90 60.81 % Acinetobacter 22 41.50%
Female 58 39.29 % Citrobacter 1 1.88%
Mode of delivery Coagulasenegative staphylococcus 4 7.54%
Normal 63 42.56 % Enterococci 2 3.77%
Assisted 85 57.44 % Klebsiellapneumoniae 11 20.75%
Birth weight Pseudomonas aeruginosa 4 7.54%
Normal 72 51.35 % Staphylococcus aureus 5 9.43%
Low birth weight 76 48.64 % TOTAL 53 100%
Maturity
Term 67 45.27%
Preterm 81 54.72%
Blood culture
Table 4: Comparison of crpl, crp2, total leukocyte count (WBC)1&2 with gold standard blood culture
Laboratory parameter Neonates with clinical symptoms 0f Culture positive sepsis Culture Chi-square P value
sepsis n=148 neonates Negative sepsis value
n=53 neonates
N=95

Crplpositive(>5mg/L) 97 (65.54%) 44(83%) in 53 (55.7%) 9.99 <0.001
Crp1 negative(<5mg/L) 51(34.45%) 9 (17%) 42(44.3%)
CRP2positive(>5mg/L 108 (72.9%) 51(96.2%) 57 (60%) 20.83 <0.0001
Crpl2negative(<5mg/L) 40(27.0%) 2(3.8%) 38(40%)
TOTAL LEUCOCYTE COUNT1 (WBC 1): <5000/uL 78 (52 .7%) 33(62%) 45( 47%) 276 0.1
or >15000/uL
TOTAL LEUCOCYTE COUNT1 (WBC 1):normal 70(47.3%) 20(38%) 70(53%)
5000/u L -15000 pL
TOTAL LEUCOCYTE COUNT?2 (WBC 2): <5000/uL 89(60%) 48(90%) 41(43%) 31.8952 <0.0001
or >15000/uL
TOTAL LEUCOCYTE COUNT2 (WBC 2):normal 59(40%) 5(10%) 549 (57 %)

5000/uL -15000pL

Table 5: Comparison of validity of sensitivity, specificity, PPV and NPV of individual lab tests against blood culture as gold standard test.

Laboratory parameters Sensitivity% Specificity% PPV% NPV%
CRP1 83.0 442 45.4 82.3
CRP2 96 40 47,2 95
TOTAL LEUCOCYTE 62.2 52.6 423 714
COUNT1 (WBC1)

TOTAL LEUCOCYTE  90.57 56 53 91

COUNT2 (WBC 2)

Results:

This study examined 148 newborns who had sepsis-related clinical
signs. In all infants exhibiting clinical signs of sepsis, CRP 1, CRP 2,
Total Leukocyte count 1 (WBC1), Total Leukocyte count 2 (WBC2),
and blood culture were conducted. The total leukocyte count, WBC
(1&2), blood culture, and CRP (1&2) findings were entered into

excel sheets, and SPSS 16 software was used to conduct the
statistical analysis. The Chi-square test is one of the statistical tests
used for comparison. A p-value of 0.05 was considered significant.
In addition to CRP1, CRP2, and WBC1&WBC2, sensitivity,
specificity, PPV, and NPV calculations were made.
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CRP 1& blood culture:

Out of 148 neonates with clinical symptoms of sepsis, 97 (65.54%)
neonates had CRP 1 that was positive (>5mg/L), while 51 (34.45%)
of those same neonates had negative CRP (5mg/L). Fifty-three
positive blood cultures were found. Out of 95 infants with negative
blood cultures, 44 (83%) had positive CRP1, and 53 (55.7%) had
positive CRP1. As a result, the correlation between CRP1 and the
blood culture results was statistically significant (p-value 0.001).

CRP 2& blood culture:

Out of 148 newborns with clinical signs of sepsis, 108 (72.9%) had
positive CRP 2 results (>5mg/L), while 40 (27.0%) had negative
CRP 2 results (5mg/L). One hundred forty-eight neonates had
sepsis-related clinical signs. CRP 2 was positive in 51 (96.2%) of the
53 infants with positive blood cultures and 57 (60%) of the 95
neonates with negative blood cultures. As a result, the relationship
between CRP2 and the blood culture results was statistically
significant (p-value 0.0001).

Total leukocyte count (WBC) 1&2 with blood culture:

Out of 148 infants with clinical signs of sepsis, total leukocyte count
1 (WBC1) was positive (5000/L or >15000 L) in 78 (52.7%) neonates
and normal (5000-15000 L) in 70 (47.3%) neonates. WBC1 was
positive in 33 (62%) of the 53 neonates with sepsis with positive
blood cultures. WBC was positive in 45 (47%) of the 95 newborns
with sepsis who had negative blood cultures. With a p-value of 0.1,
the test result was not statistically significant. Out of 148 neonates
with clinical signs of sepsis, 89 (or 60%) had WBC 2 that was
positive (5000-15000 L), and 59 (or 40%) had it normal? WBC2 was
positive in 48 (90 percent) of the 53 newborns with positive blood
cultures for sepsis. Out of 95 neonates with negative blood cultures,
41 (43%) had positive WBC2 results. With a p-value of 0.0001, this
test result was statistically significant.

Table 1 displays the baseline characteristics of the study
population. It shows148 neonates with clinical signs &symptoms of
sepsis were included in this study, out of 148neonates with clinical
signs &symptoms of sepsis 90(60.8%) were male and 58 (39.2%)
were female. 85 (57.44%)were delivered through assisted deliveries,
and 63(42.5%) were delivered through vaginal route. Based on
maturity 81(54.7%) were pre term babies, 67 (45.2%) were term
babies. Regarding birth weight 76(51.3%) were Low birth weight
(LBW), 72 (48.6%) were normal weight.53 (35.8%) were blood
culture positive, 95 (64.1%) was negative on blood culture.Table 2
explains percentage of male neonates preterm babies LBW babies
were high in culture proven sepsis compared with culture negative
sepsis which was statistically significant p vale <0.05.Table 3
describes percentage of microorganism found in blood culture
Acinetobacter was the most common organism isolated followed by
Klebsiella and Coagulus negative Staphylococcus aureus, Staphlococcus
aureus and Enterobacter, Pseudomonas, E. coli and Citrobacter were
less commonly present. Table 4 shows comparison of CRP1,CRP2
,TOTAL LEUCOCYTE COUNT (WBC) 1&2 with Gold standard
blood culture. Table 5 shows CRP2 has highest sensitivity 96% and
NPV 95%, next toCRP2, Total Leukocyte Count 2(wbc2) has high
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sensitivity 90.57%, NPV 91% .CRP1 has83% sensitivity and NPV
82.3%. WBC1 has lowest sensitivity 62.2%, NPV 71.4%.

Discussion:

The current study included 148 neonates brought to the neonatal
critical care unit with clinical signs of sepsis. Ninety newborns (60.8
percent) were male, and 58 (39.2 percent) were female of the 148
neonates. Ninety-five neonates (65.18%) and 53 (35.18%) neonates,
respectively, have sepsis that has been confirmed by culture. Fifty-
three neonates with positive blood cultures were divided into 45 (84
percent) males and 8 (16 percent) females. It might be because
males have an X-linked immune-regulatory gene component that
makes them more susceptible to infections [10]. 33 (67%) of the
study's LBW newborns were positive for culture. This is brought on
by the infection rate, negatively correlated with newborns' birth
weights, low levels of immunoglobulin G and weakened cellular
immunity. Similar findings were discovered in research by Barbara
Stoll et al. [11]. 66 percent of preterm infants have sepsis that has
been verified in a culture. This is higher than the sepsis rate in
culture-proven term newborns (44 percent). This is due to cellular
and humoral immunity's inherent limitations. Incidence of
septicemia is inversely correlated with neonatal gestational age.
According to Barbara ]J. Stoll et al. study, Acinetobacter
predominated in the blood culture organisms, followed by
Klebsiella. One of the newly emerging possible pathogens in
neonatal septicemia that has been commonly discovered in recent
years is Acinetobacter (gram-negative bacteria) [12-14].In
comparison to culture results, CRP 2 has a significant p-value of
0.0001 and high sensitivity of 96%, and NPV of 95%. This research
is most in line with Pal et al. Jadhav et al. and Chacha et al. [15-17].
CRP 1 has an NPV of 82.3 percent, a sensitivity of 83 percent, and a
p-value of 0.001. Based on sensitivity and strong negative
predictive value in neonatal sepsis, measurement of CRP after 48
hours reveals higher sensitivity and NPV than earlier measurement,
demonstrating that CRP 2 is a good diagnostic tool for ruling in
sepsis and ruling out sepsis [17-18]. Within six hours of the start of
an infectious process, the liver begins to manufacture C-reactive
protein, an acute-phase reactant protein [19-20]. A single CRP
measurement within 6 hours of clinical suspicion of sepsis is
insufficient to diagnose neonatal septicemia. This is because, unlike
physiological conditions like intra ventricular hemorrhage, stressful
deliveries, fetal distress, meconium aspiration, and perinatal
asphyxia, the CRP value increases and returns to normal in 24 to 48
hours. The CRP value remains elevated in an infectious condition
even after 48 hours. Therefore, measuring CRP after 48 hours is
necessary to improve sensitivity and eliminate false positive results.
In this study, CRP was assessed twice: once within six hours of the
onset of clinical sepsis symptoms and again 48 hours later. It was
discovered that CRP 2 is a more sensitive indication than CRP 1.
These findings are comparable to those of other studies [17,18,
21].Total Leukocyte Count 1 has a low sensitivity (62.2 percent) and
NPV (71.4 percent) when performed within 6 hours of clinical
symptoms. Because these values are initially normal in the early
period, it has been determined that other studies show that Total
Leukocyte count (WBC) has little correlation with neonatal
septicemia and is not a reliable indicator of infection during the first
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few hours of infection [21,22,24]. Total Leucocyte Count 2, on the [10]
other hand, exhibits great sensitivity (90.57 percent) and NPV (91 [11]
percent) after 48 hours of clinical sepsis symptoms. These findings
are most in line with earlier research [25, 26]. [12]
Conclusion:
CRP and Total Leukocyte measurement after 48 hours of clinical [13]
symptoms of sepsis enhance the sensitivity and NPV in neonatal
sepsis compared with initial assay (with in 6 hrs). Serial [14]
measurement of CRP and Total leukocyte count (WBC) neonates
with clinical symptoms can be considered promptly for diagnosis of [15]
neonatal sepsis would be rather than single measurement.
[16]
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