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Abstract
Objectives Neonatal sepsis is a major contributor to morbidity and 
mortality worldwide. Although blood culture is the gold standard 
of sepsis diagnosis, it often lacks sensitivity and diagnostic speed. 
Platelet-to-lymphocyte ratio (PLR) is a widely available, effec-
tive, simple, and affordable marker that can predict early onset 
neonatal sepsis (EONS).
Objective To assess the correlation between PLR and EONS as 
well as the diagnostic value of PLR for predicting EONS.
Methods This study included all inpatient neonates with suspected 
early-onset neonatal sepsis at Dr. R. D. Kandou Hospital, Manado, 
North Sulawesi, Indonesia. Neonates were categorized into sepsis 
(confirmed by positive blood culture results) and non-sepsis (nega-
tive blood culture results) groups. Bivariate analysis, including 
the chi-square test for categorical data and independent t-test for 
numerical data, was performed to identify any significant associa-
tions between the platelet-to-lymphocyte ratio (PLR) and EONS. 
The sensitivity, specificity, and area under the receiver operating 
characteristic (ROC) curve were calculated to determine the 
optimal PLR cut-off point to predict EONS.
Results In this study, we investigated the relationship between 
PLR and early-onset neonatal sepsis (EONS) in 176 neonates with 
suspected EONS. Blood cultures confirmed sepsis in 84 neonates 
(47.7%), with Klebsiella pneumoniae being the most common 
causative organism. We found a significant positive correlation 
between PLR and EONS (p<0.001), and a PLR cut-off point 
of 61.806 was identified to predict EONS with high sensitivity 
(90.2%) and specificity (85.7%)
Conclusion Our study demonstrates a strong positive correlation 
between PLR and EONS, and a PLR cut-off point of 61.806 can 
be used as a valuable marker for predicting EONS in neonates 
with suspected sepsis. These findings could aid in the early 
identification and treatment of neonates with sepsis, ultimately 
improving patient outcomes. [Paediatr Indones. 2023;63:202-7;  
DOI: https://doi.org/10.14238/pi63.3.2023.202-7 ].

Keywords:  early-onset neonatal sepsis; platelet to 
lymphocyte ratio; sepsis predictor

Neonatal sepsis remains a major cause 
of morbidity and mortality.1,2 At least 
1 million neonatal deaths per year are 
caused by infections.3 Infant mortality 

rate is used as a national health indicator. The 2012 
Indonesian Health Demographic Survey, reported 32 
deaths per 1,000 live births.4,5 The United Nations 
International Children’s Emergency Fund (UNICEF) 
reported 14 deaths per 1000 live births in neonates 
in Indonesia.6 In 2009, the World Health Organization 
(WHO) reported 3.3 million neonatal sepsis deaths 
out of a total of 6 million infant deaths.7

Early diagnosis of neonatal sepsis is of utmost 
importance in managing the disease and defining the 
prognosis. A late diagnosis increases the mortality risk 
and worsens prognosis.4 Blood culture has been the 
gold standard of sepsis diagnosis, yet it has intrinsic 
liabilities in test sensitivity and diagnostic speed. 
Delayed treatment worsens clinical outcomes and can 
cause multiple complications, including death. On the 
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other hand, overtreatment increases antibiotic usage 
and duration of hospitalization, thereby increasing 
cost. For these reasons, there is a need for other 
diagnostic approaches to increase the effectiveness 
of a sepsis diagnosis.8

Platelet-to-lymphocyte ratio (PLR) is a widely 
available, effective, simple, and affordable marker that 
can be performed even in limited-resource settings.9-11 
Several studies reported that PLR was associated with 
increased morbidity and mortality in patients with 
severe sepsis and septic shock.12-14 Therefore, we 
aimed to evaluate the possible correlation between 
PLR and early onset neonatal sepsis in order to assess 
the diagnostic value of PLR.

Methods

This observational analytic study with cross-sectional 
design took place in the neonatal intensive care 
unit (NICU) of the Department of Child Health, 
Universitas Sam Ratulangi /Prof. Dr. R. D. Kandou 
Hospital, Manado, North Sulawesi, from May to 
September 2019. The study was conducted under the 
approval of the Research Ethics Committee of Dr. R. 
D. Kandou Hospital.

We included all inpatient neonates initially 
suspected of having early onset neonatal sepsis 
(EONS) in the NICU. Suspected EONS was 
indicated by the presence of two major or one major 
and two minor risk factor criteria for neonatal sepsis 
according to the Indonesian Pediatric Society that 
were present in the first 72 hours after birth. Major 
criteria included premature rupture of membranes of 
>18 hours, maternal intrapartum fever of >38oC, 
chorioamnionitis, sustained fetal heart rate of >160 
bpm, and foul-smelling amniotic fluid. Minor criteria 
included premature rupture of membranes of >12 
hours, maternal intrapartum fever of >37.5oC, low 
APGAR scores, very low birth weight of <1,500 
grams, untreated maternal leukorrhea, and untreated 
maternal urinary tract infection.4,15

Inclusion criteria for this study were all neonates 
with suspected EONS born through any mode of 
delivery. Neonates with congenital birth defects 
needing surgical repair, birth trauma, or congenital 
heart disease were excluded from the study. To 
determine the appropriate sample size, we used a 

formula for correlational studies and obtained a 
minimum required sample size of 92 subjects. Subjects 
were included by consecutive sampling. All neonates 
with suspected EONS were enrolled into the study. 
After blood culture results were available, subjects 
were categorized into sepsis and non-sepsis groups.

Neonatal sepsis was defined as the presence of 
four out of six clinical profiles (abnormalities in the 
respiratory, cardiovascular, metabolic, neurologic, 
gastrointestinal, or hematologic system)15-17 and two 
positive hematologic profile parameters [Hb <15  
g/dL, white blood cell count (WBC) >25,000/mm3 

or <5,000/mm3, platelet count <100,000/mm3,  
C-reactive protein (CRP) >6 mg/dL, or immature-
to-total neutrophil (I/T) ratio >0.2]18 accompanied 
by a positive blood culture. Patients who did not meet 
those criteria were allocated to the non-sepsis group.

The main outcome of our study was the 
occurrence of culture-proven sepsis, and the 
independent variable was PLR. PLR was calculated 
by dividing absolute platelet count by absolute 
lymphocyte count. We also collected clinical and 
laboratory data such as complete blood count 
parameters, CRP, and neutrophil-to-lymphocyte ratio 
(NLR).

In our study, we recorded the occurrence of sepsis 
as a dichotomous variable (sepsis or non-sepsis) and 
calculated the mean and standard deviation of the 
PLR, a numeric variable. To assess the association 
between PLR and EONS, we conducted bivariate 
analyses and receiver-operator characteristics (ROC) 
curve analysis to determine the optimal cut-off point 
of PLR for predicting EONS. All statistical analyses 
were done using SPSS version 25.0 (IBM, Armonk, 
NY). Results with P values <0.05 were considered 
to be statistically significant.

Results

We included a total of 176 neonates with suspected 
early-onset neonatal sepsis (EONS) in this study. Of 
these, 84 neonates were confirmed to have sepsis 
(47.7%) based on blood culture results, while the 
other 92 neonates were categorized as non-sepsis 
group (52.3%). Table 1 presents the characteristics of 
subjects with and without sepsis. There appears to be 
no significant differences in age, sex, hematocrit, and 
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Table 1. Subject characteristics based on diagnosis

Variables Non sepsis (n=92) Sepsis (n=84)

Mean age (SD), days 1.91 (2.55) 1.57 (3.22)

Sex, n(%)
Male
Female

51 (55.4)
41 (44.6)

49 (58.3)
35 (41.7)

CRP level, n (%)
<6 µg/mL
6 µg/mL
12 µg/mL
24 µg/mL
48 µg/mL

65 (70.7)
9 ( 9.8)
3 ( 3.3)
4 ( 4.3)
11 (12.0)

25 (30.5)
2 ( 2.4)
1 ( 1.2)
17 (20.7)
37 (45.1)

Mean hemoglogin (SD), g/dL 15.35 (3.03) 14.34 (3.07)

Mean hematocrits (SD), % 42.78 (9.04) 41.87 (9.42)

Mean leukocytes (SD), 103/µL 15.77 (5.80) 23.16 (8.55)

Mean lymphocytes (SD), 103/µL 5.42 (2.73) 3.08 (1.27)

Mean neutrophils (SD), 103/µL 7.62 (3.51) 16.80 (6.82)

Mean platelets (SD), 103/µL 216.60 (91.80) 233.40 (78.67)

Mean NLR (SD) 1.60 (0.66) 5.86 (2.38)

Mean PLR (SD) 43.98 (16.39) 79.88 (21.18)

Mean I/T ratio (SD) 0.05 (0.06) 0.15 (0.09)

NLR=neutrophil-to-lymphocyte ratio; PLR= platelet-to-lymphocyte ratio

platelets between the two groups, while lymphocyte 
counts tended to be lower in the sepsis group. On the 
other hand, leukocyte counts, PLR, NLR, and IT-ratio 
appear to be higher in the sepsis group compared to 
the non-sepsis group. 

Among the neonates with sepsis, the most 
commonly isolated microorganisms in the blood 
cultures were Klebsiella pneumoniae (29.76%), Candida 
albicans (11.9%), and Serratia marcescens (10.71%), as 
shown in Table 2. Using the ROC curve (Figure 1), 
we determined that a PLR cut-off point of 61.806 can 
predict EONS with a sensitivity of 90.2%, specificity 
of 85.7%, and AUC of 0.928 (95%CI 0.89 to 0.965, 
P<0.001).

Discussion

In our study, slightly more males than females had 
confirmed sepsis. This finding is consistent with 
those of previous studies in Indonesia.19-21 The male 
predominance is thought to be due to genes on 
the X chromosome which affect host susceptibility 
through their actions on the thymus gland and 
immunoglobulin synthesis.22

In this study, blood culture results confirmed 
bacteria as the causative agent in the majority of 
positive cultures. Klebsiella pneumoniae was the most 
common microorganism found, consistent with two 
previous studies.23,24 Interestingly, a small percentage 
of positive cultures yielded fungi as the pathogen. 
Although blood culture remains the gold standard in 
diagnosing neonatal sepsis, a negative result cannot 
completely rule out the presence of sepsis, and a 
positive culture may be the result of contamination. 
Moreover, the long waiting period of 3 to 5 days for 
blood culture results poses an additional challenge in 
using it as a diagnostic tool for neonatal sepsis.17,25

Platelets and lymphocytes are important 
components of the immune system that provide 
the first line of defense against infection. In sepsis, 
activated platelets secrete proteins such as cytokines, 
chemokines, coagulation mediators, and antimicrobial 
peptides. Platelets also play a role in the secretion 
of the neutrophil extracellular trap, platelets do not 
directly release NETs, but they can contribute to the 
process indirectly. Platelets can activate neutrophils, 
which leads to the release of NETs. Additionally, 
platelets can enhance the formation and stability of 
NETs by promoting the aggregation of neutrophils 
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Figure 1. ROC curve to determine the optimal PLR 

Table 2. Distribution of microorganisms found in EONS 
patients’ blood culture

Microorganism, n(%) N=135

Acinetobacter baumanii 5 (3.7)

Acinetobacter junii 2 (1.5)

Candida albicans 14 (10.4)

Candida pelliculosa 2 (1.5)

Candida tropicalis 1 (0.7)

Elizabeth meningoseptica 1 (0.7)

Enterobacter aerogenes 8 (5.9)

Enterobacter cloacae complex 1 (0.7)

Enterococcus faecium 1 (0.7)

Escherichia coli 6 (4.4)

Klebsiella pneumoniae 57 (42.2)

Listeria monocytogenes 1 (0.7)

Micrococcus luteus 1 (0.7)

Methicillin-resistant staphylococcus aureus 1 (0.7)

Pseudomonas aeruginosa 2 (1.5)

Salmonella sp 1 (0.7)

Serratia marcescens 9 (6.7)

Staphylococcus aureus 9 (6.7)

Staphylococcus epidermidis 7 (5.2)

Staphylococcus haemolyticus 4 (3.0)

Staphylococcus hominis 1 (0.7)

Staphylococcus saprophyticus 1 (0.7)

ESBL+: extended-spectrum beta-lactamase-positive
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around the site of infection. Neutrophil extracellular 
traps (NETs) are web-like structures composed of 
DNA, histones, and antimicrobial peptides that are 
released by neutrophils in response to infection and 
inflammation. NETs can trap and kill bacteria and 
other pathogens, thereby playing an important role 
in the innate immune response.26,27 

As infection progresses, interactions between 
antigen-presenting cells and lymphocytes build up, 
and lymphocytes move from blood vessels to the 
infection site, leading to lymphocytopenia. In sepsis 
patients, lymphocyte apoptosis may also be found.28,29 
Decreased lymphocyte count is the foundation of for 
using PLR to predict the diagnosis of sepsis in adults.30 

Studies on the use of PLR to predict neonatal sepsis 
are still rare.

We found a significant positive association 
between PLR and EONS. Can et al. found that subjects 
with EONS had significantly higher neutrophil count, 
axillary temperature, neutrophil-to-lymphocyte ratio, 
PLR, CRP, and procalcitonin levels.31 In addition, 
Arcagok et al. found that neonates with confirmed 
and suspected EONS had higher PLR compared to 
the control group. The same study reported that 
PLR had an area under the curve (AUC) of 0.89 to 
0.93 for cut-off points between 39.5 and 57.7, with a 
sensitivity of 88.9% to 91.3% sensitivity and specificity 
of 94.7% to 97.6%, to distinguish between suspected 
and confirmed EONS.32 

Our study had several limitations, including 
not differentiating PLR cut-off points between term 
and preterm neonates. Preterm infants are known to 
have higher baseline levels of inflammatory markers, 
including platelets and neutrophils, which may 
influence the PLR. 

We conclude that a PLR value of >61.81 has 
a sensitivity of 90.2% and a specificity of 85.7% for 
diagnosing EONS. Therefore, PLR has potential as 
a marker for diagnosing EONS, although further 
research is needed to determine the optimal cut-off 
point for term and preterm neonates.
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