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Abstract

Neonatal sepsis represents an important cause of morbidity and mortality especially in low-resource settings. Early diagnosis 
and prompt treatment of neonatal sepsis improves outcome. The aim of this study is determine the role of platelet indices and serum 
uric acid level in the early diagnosis of neonatal sepsis and early detection of neonatal sepsis with easily accessible, inexpensive, 
and widely used laboratory tests. Retrospective case-control study the target population of this study consisted of 120 neonates 
who were divided into two groups, cases: 60 neonates who had clinical picture of sepsis with or without positive blood culture, and 
controls 60 healthy non-septic neonates of the same age and maturity. Platelet parameters followed in complete blood picture (CBC), 
and serum uric acid of all neonates. Our results showed decrease platelet parameters and serum uric acid in cases of neonatal sepsis 
so we can use these tools as predictors of neonatal sepsis. There was significant difference of platelet parameters and serum uric acid 
between cases and controls, significantly lower in neonates with sepsis compared to healthy controls. Decreased platelet parameters 
including (platelet count, mean platelet volume (MPV), platelet distribution width (PDW) and platelet crit (PCT) values suggest 
possibility of sepsis and should alert clinicians to the possibility of sepsis and to initiate or change antibiotic treatment. There was 
statistically significant difference between cases and controls regarding to uric acid. 
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Introduction
Sepsis, which occur in neonatal period a result of the effects of a 

bacterial infection [1]. Immaturity of the neonatal immune system 
leads to immunodeficiency, as reflected by the increased suscep-
tibility to infections with both viral and bacterial pathogens [2]. 
Sepsis is responsible for almost one and a half million deaths every 
year worldwide [3] and the neonatal infections with impaired cor-
tisol production have a worse prognosis [4,5].

One of the hemogram parameters affected by many inflamma-
tory conditions is the mean platelet volume (MPV) [6], where MPV 
can predict the development and severity of sepsis in neonates [7].

In vitro, by scavenging free radicals and serum uric acid (SUA) 
has antioxidant properties, the latter preventing iron-catalyzed 
oxidation. The concentration of SUA in biological fluids has a clear 
association with demonstrable antioxidant activity [8] free radicals 
are involved in pathogenesis of neonatal septicemia [9].
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Urate is a potent antioxidant that can scavenge superoxide, hy-
droxyl radicals and single oxygen at physiological concentrations 
[10].

A basic biomarker of inflammatory process is the neutrophil 
-lymphocyte ratio (NLR). In addition, a useful marker of systemic 
inflammation is the platelet lymphocyte ratio (PLR) [11]. So, this 
study was carried out to determine the role of platelet indices and 
serum uric acid level in the early diagnosis of neonatal sepsis to al-
low rapid and more accurate diagnosis.

Methods
This study was carried out as a retrospective case-control study 

and was conducted in the neonatal ICU of Pediatric department in 
Suez Canal University Hospital.

The studied patients were divided into two groups: 1- patient 
group (60 neonate): that include patients diagnosed with neonatal 
sepsis based on clinical diagnoses. 2- Control group (60 neonate): 
that include neonates with no symptoms or signs, for infections. 
Serum CRP level for neonates in this group was negative.

Inclusion criteria

Preterm and full term neonates from first day to 7 days old. 2- 
Presence of documented highly possible sepsis criteria according 
to the following [12]: a) at least three sepsis related clinical signs: 
apnea, temperature instability, need for supplemental oxygen, bra-
dycardia, tachycardia, hypotension, feeding intolerance, abdominal 
distension. b) CRP > 6 mg/dl. c) Altered blood parameters in addi-
tion to CRP: Total leucocytic count with differential, Platelet count. 
d) Blood culture: positive or negative.

Exclusion criteria: Neonates with condition which may affect 
the platelet parameters other than sepsis e.g. Inborn errors of me-
tabolism, Major congenital anomalies and cases of hypoxic isch-
emic encephalopathy. Sample size was calculated according to the 
following formula [13]: 

Where: n= sample size, Z α/2 = 1.96, Zβ = 0.84, σ = the estimate 
of the standard deviation (in the study group), µ1 = mean platelet 
volume in sepsis group = 332.4 [7], µ2 = mean platelet volume in the 
control group = 310 so, the total sample size is (60). 

All neonates were subjected to complete history taking, clinical 
examination, and laboratory investigations, complete blood picture 

(CBC) [14] including blood indices, total leucocytic count (TLC) 
with differential count, neutrophil lymphocyte ratio (NLR), plate-
let lymphocyte ratio (PLR), platelet count, mean platelet volume 
(MPV), platelet size distribution width (PDW) and plateletcrit. C-
reactive protein (CRP) [14]. Estimation will be carried out using 
the test kit, the AVITEX- CRP latex particles are coated with anti-
bodies to human CRP. When the latex suspension is mixed with se-
rum containing elevated CRP levels on a slide, clear agglutination 
was seen within two minutes. Specimen collection and storage: 
Fresh sample of venous blood and allow clot to form and retract 
centrifuge clotted blood sample and collect clear serum, store at 
2-8°C AVITEX-CRP had a detection limit of 6 mg/L of CRP in the pa-
tient's serum [15]. Uric acid: determined by enzymatic test, using 
the Spin react kit, Spain catalog No: 41000 [16].

All statistical analysis was carried out using statistical package 
for social sciences (SPSS) for windows version 23.0 (SPSS, Chicago, 
IL, USA). The t-test was used to compare the means of the groups. 
Comparisons between categorical data were performed using the 
chi-square test and Mann Whitney test. A P value of <0.05 will be 
considered statistically significant.

Written consent was obtained from parents of all participants 
with full explanation of hazards and benefits of the procedure.

Results
The present study included two groups. Group 1 (n = 60): that 

included patients diagnosed with neonatal sepsis based on clinical 
diagnoses and Group 2 (n = 60): healthy neonates who served as a 
normal control group.

Baseline characteristics of the studied sample are described in 
table 1. Males represented the majority of the participants in both 
groups (68.3% of the cases and 76.7% of the controls). Moreover, 
the majority of the participants in both groups aged between 4 to 7 
days (96.7% of the cases and 91.7% of the controls).

The majority of the participants in cases were preterm (≤ 37 
week) (53.3%), while the majority of the participants in control 
group had a full-term pregnancy with no statistically significance 
(p = 0.201).

Comparison between the two studied groups according to WBC 
parameters showed that cases had significantly higher total leuco-
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Demographic 
data

Cases 
(n = 60)

Controls 
(n = 60) P

No. % No. %
Sex
Male 41 68.3 46 76.7

0.307
Female 19 31.7 14 23.3
Age (days)
1 - 3 2 3.3 5 8.3

0.243
4 - 7 58 96.7 55 91.7
Mean ± SD. 6.18 ± 1.03 5.75 ± 1.36

0.490
Median (IQR) 6.50(6.0 - 7.0) 6.0(5.0 - 7.0)

Table 1: Comparison between the two studied groups according 
to demographic data.

cytic count (15.01 ± 7.78) compared to that of controls (11.63 ± 
5.74) (p < 0.05).

Table 2 shows that there is no statistically significant difference 
between cases and controls in regard to the Platelet-to-lymphocyte 
ratio (p = 0.737) and Neutrophil-Lymphocyte Ratio (p = 0.803).

Cases  
(n = 60)

Controls 
(n = 60) U P

PLR

1736.0 0.737Mean ± SD. 65.15 ± 56.49 69.65 ± 45.23

Median (IQR) 36.9 (15.4 - 
116.6)

66.3 (40.0 - 
88.7)

NLR

1752.50 0.803Mean ± SD. 1.56 ± 1.32 1.21 ± 0.98

Median (IQR) 1.14 (0.65 - 
1.92)

0.97 (0.59 - 
1.5)

Table 2: Comparison between the two studied groups according 
to platelet-lymphocyte ratio (PLR) and neutrophil- lymphocyte 

ratio (NLR). 
U: Mann Whitney test.

Table 3 shows platelets indices parameters among cases and 
controls. It shows that cases with neonatal sepsis had significantly 
lower platelet count (p < 0.05), mean platelet volume (p < 0.05), 
platelet distribution width (p < 0.05) and plateletcrit (p < 0.05) 
than control group.

Cases 
(n = 60)

Controls 
(n = 60)

Test of 
sig. P

Platelets count 
(x103)

U = 
1368.0* p < 0.05Mean ± SD. 262.12 ± 

207.72
309.30 ± 
156.30

Median (IQR) 169.50 (83.0 - 
440.0)

257.50 (228.0 
- 325)

MPV
t = 

2.150* p < 0.05Mean ± SD. 10.50 ± 2.53 11.25 ± 0.93

Median (IQR) 10.20 (9.90 - 
11.70)

11.20 (10.40 
- 11.70)

PDW %
U = 

1337.50* p < 0.05Mean ± SD. 15.38 ± 1.04 15.70 ± 0.40

Median (IQR) 15.25(14.80 - 
16.10)

15.70(15.30 - 
16.0)

PCT %
U = 

1258.50* p < 0.05Mean ± SD. 0.27 ± 0.20 0.36 ± 0.14

Median (IQR) 0.24 (0.09 - 
0.47)

0.33 (0.28 - 
0.39)

Table 3: Comparison between the two studied groups according 
to platelet indices parameters.

The three most common organisms found among the cultures 
were staphylococcus aureus (36.7%), followed by Klebsiella (15%) 
and E. coli (13.3%).

The relation between platelet indices, uric acid and CRP of cas-
es with deferent blood culture results. It shows that patients with 
staph. hominis and pseudomonas aeruginosa had the highest CRP 
values (92 ± 58.99 mg/L and 50.20 ± 34.25 mg/L, respectively). 
Moreover, patients with staph. hominis had the lowest platelets 
count (166 ± 134.13 x 103/cmm) while patients with pseudomonas 
aeruginosa had the highest MPV (11.70 ± 1.69 fl). Regarding serum 
uric acid, patients with E. coli had the highest serum uric acid levels 
(5.46 ± 2.26 mg/dl) while patients with Chlamydia had the lowest 
serum uric acid levels (3.93 ± 0.81 mg/dl).

Table 4 shows that there is no statistically significant corre-
lation between CRP, platelets indices parameters and uric acid 
among cases. Moreover, there is statistically positive significant 
correlation between gestational ages with uric acid among cases.
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CRP Gestational age (weeks)
rs P R P

Platelets 
count (x103)

-0.109 0.405 0.030 0.818

(MPV) FL 0.174 0.183 -0.118 0.369
(PDW) % 0.052 0.694 0.032 0.811
(PCT) % -0.134 0.307 -0.036 0.787
Uric acid 
(mg/dl)

-0.035 0.792 0.373 p < 0.05

Table 4: Correlation between CRP, gestational age (weeks) and 
different parameters in cases group (n= 60).

r: Pearson coefficient; rs: Spearman coefficient.

Patients with neonatal sepsis had significantly lower mean uric 
acid level than healthy controls (4.84 ± 1.88 vs 5.09 ± 1.45) (p = 
0.001). A value of 5.5 mg/dl was found to be the best cut-off point 
to diagnoses of early onset neonatal sepsis.

Discussion and Conclusion
The best way to decrease morbidity and mortality due to sepsis 

is the early detection and successful treatment [17]. Serum bio-
markers for sepsis can generally be classified into pro-inflamma-
tory molecules, endothelial proteins, and molecular patterns/cell 
surface receptors associated with injury [18].

As regard demographic data, this study showed no statistically 
significant difference between controls and patients regarding gen-
der distribution, age and maturity. 

In the present study, the three most common organisms found 
among the cultures were staphylococcus aureus, followed by Kleb-
siella and E. coli.

This was accepted with a study by Shehab El-Din., et al. [19] 
conducted in three Egyptian Neonatal Network participants' neo-
natal intensive care units. Coagulase negative staphylococci were 
predominant isolates followed by Klebsiella pneumonia. 

In an agreement with the study of Moges., et al. [20] study in 
Ethiopia about bacterial etiologic agents causing neonatal sepsis 
and associated risk factors, Gram positive bacteria were commonly 
isolated. The commonly isolated bacterial species were S. aureus 

(40.8%) followed by coagulase negative Staphylococci (21.6%) and 
K. pneumoniae (15.8%). Similar to Guclu., et al. [2] study, pneumo-
nia was clearly the most common isolate among gram negative bac-
teria. Staphylococcus aureus was the most common gram-positive 
isolate. In contrast with the present study, Park., et al. [21] studied 
cultured bacteria. Enterococcus faecium and Streptococcus were 
the most common microbes on blood culture. This contrast could 
be explained by small and insufficient sample size (18 cases).

The comparison between our studied groups according to WBC 
parameters showed that cases had significantly higher total leu-
kocytic (TLC) count compared to that of controls (15.01 ± 7.78 
versus11.63 ± 5.74). This is agreed with a study of Choudhary., et 
al. [22] about evaluation of platelets and its indices as a marker of 
neonatal sepsis who found that total leucocytic count was higher 
in sepsis group than control group with statistical significant dif-
ference (p < 0.001).

Moreover, this is similar to Martins., et al. [23] study about 
Neutrophil-lymphocyte ratio in the early diagnosis of sepsis in an 
intensive care unit: in which the number of white blood cells in 
new-borns with high clinical suspicion of sepsis was significantly 
higher than that in the control group (P = 0.000). The percentage 
of neutrophils was significantly different in new-borns with high 
clinical suspicion of sepsis and in controls (P = 0.000).

Although our study group showed lower Platelet-lymphocyte 
ratio and Neutrophil-Lymphocyte Ratio between cases and con-
trols but without statistically significant difference.

Moreover, this is in an agreement with Shehab El-Din., et al. 
[19] They studied epidemiology of neonatal sepsis and implicated 
pathogens, which found that abnormalities in the CBC were found 
in 66.8% of cases, (22.3%) leucocytosis, (23.2%) neutropenia, and 
(45.5%) thrombocytopenia. 

On the other hand, Elgendy., et al. [24] found that sepsis group 
had lower Platelet-to-lymphocyte ratio and Neutrophil-Lympho-
cyte Ratio in his study in the NICU of Menoufia University Hospital 
for evaluation of hepcidin as a biomarker for neonatal sepsis.

In the present study, cases had statistically significant lower se-
rum uric acid than controls the diagnostic cut-off values of Serum 
uric acid for neonatal sepsis was 5.5 mg/dl or less.
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This agreed with the study of Shalaby., et al. [25] about mean 
platelet volume and serum uric acid in neonatal sepsis. They 
showed that septic neonates had statistically lower levels of serum 
uric acid than the control group. The diagnostic cut-off values of 
mean platelet volume and serum uric acid for neonatal sepsis were 
10.2 fl, and 3.70 mg/dl, respectively.

Moreover, this agreed with Kapoor., et al. [9] study about lipid 
peroxidation and antioxidants in neonatal septicaemia. The new-
borns with sepsis had lower Serum uric acid levels. Similarly, an 
Indian study that was conducted by Aydın., et al. [26] about mean 
platelet volume and uric acid levels in neonatal sepsis found that 
the new-borns with sepsis had lower serum uric acid levels. 

However, the present study is in disagreement with Hooman., 
et al. [27] study that showed higher serum uric acid levels served 
as an additive risk factor in sepsis. That may be due to the different 
study design and insufficient sample size. 

Cases with neonatal sepsis in the present study had significantly 
lower platelets count (p < 0.05), mean platelet volume (p < 0.05), 
platelet distribution width (p < 0.05) and platelet crit (p < 0.05).

In the present study, the diagnostic cut-off values of mean plate-
let volume for neonatal sepsis was 10.2 fl with sensitivity and spec-
ificity of 58.3% and 89.8%, respectively.

However, this is in disagreement with Karne., et al. [28] study 
that reported that elevated mean platelet volume might be used as 
a marker for screening of sepsis. 

Choudhary., et al. [22] reported that high mean platelet volume, 
high PDW and thrombocytopenia are more common in late onset 
than early onset sepsis.

Catal., et al. [29] study about mean platelet volume (MPV) may 
simply predict the severity of sepsis in preterm infants estimated 
that elevated MPV can be a diagnostic factor along with other find-
ings and can even be utilized for following the course of the sepsis 
in neonates but, in line with the present study, they didn’t find any 
correlation between elevated MPV and different kinds of sepsis 
germs. 

Moreover, the present study is in an agreement with Shalaby., et 
al. [25] study which found that the diagnostic cut-off values of MPV 
for NS was 10.2 fl.

ROC curve in the present study showed that PWD less than 
17.65 demonstrated good diagnostic accuracy in predicting neona-
tal sepsis with sensitivity of 55% and specificity of 76%. 

This disagreed with some authors who reported that septic pa-
tients with PDW levels greater than 18% have worse outcome [2]. 
Moreover, Karne., et al. [28] found 45 out of 103 cases (43.69%) of 
proven and probable sepsis showed increased PDW value.

The present study demonstrated statistically positive significant 
correlation between gestational age and uric acid among cases. 

This is in agreement with Shalaby., et al. [25] study, SUA showed 
statistically significant positive correlation with gestational age. 
While it showed statistically significant negative correlation with 
CRP. Aydın., et al. [26] also found positive correlations between SUA 
levels, gestational age (r = 0.20, p = 0.000) and birth weight (r = 
0.22, p = 0.000).
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