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Abstract 

Purpose To compare the performance of Neutrophil-to-Lymphocyte Ratio (NLR) with that of Platelet-to-Lymphocyte 
Ratio (PLR) in diagnosing neonatal sepsis (NS).

Methods PubMed and Embase were searched for relevant studies from the inception of the databases to May, 2022. 
The pooled sensitivity (SEN), specificity (SPE), and area under the receiver operator characteristic curve (AUC) were 
measured.

Results Thirteen studies involving 2610 participants were included. The SEN, SPE, and AUC of NLR were 0.76 (95%CI: 
0.61–0.87), 0.82 (95%CI: 0.68–0.91), and 0.86 (95%CI: 0.83–0.89), respectively, and those of PLR were 0.82 (95%CI: 
0.63–0.92), 0.80 (95%CI: 0.24–0.98), and 0.87 (95%CI: 0.83–0.89), respectively. Significant heterogeneity was observed 
among the studies. Subgroup analysis and meta-regression showed that types of sepsis (p = 0.01 for SEN), gold stand-
ard (p = 0.03 for SPE), and pre-set threshold (p<0.05 for SPE) might be the sources of heterogeneity for NLR, whereas 
the pre-set threshold (p<0.05 for SPE) might be the source of heterogeneity for PLR.

Conclusions NLR and PLR would be of great accuracy for the diagnosis of NS, and the two indicators have similar 
diagnostic performance. However, the overall risk of bias was high, and significant heterogeneity was identified 
among the included studies. The results of this study should be interpreted prudently, and the normal or cut-off val-
ues and the type of sepsis should be considered. More prospective studies are needed to further support the clinical 
application of these findings.
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Introduction
Sepsis refers to systemic inflammatory reaction syn-
drome caused by microbial infection, the pathogens 
include bacteria, viruses, fungus, and protozoon. Neo-
natal sepsis (NS) is a common cause of neonatal death 
[1–3]. It is of high morbidity especially in newborns, with 
approximately 3  million cases worldwide and a mortal-
ity rate ranging from 11–19% [4]. Sepsis falls into early-
onset sepsis (EOS, Septicemia that occurs within 72  h 
after delivery) and late-onset sepsis (LOS, Septicemia 
that occurs more than 72  h after delivery) according to 
the time of onset [5]. The condition of infants with sep-
sis changes rapidly and the treatment remains intracta-
ble, leading to a high mortality rate. Early diagnosis and 
timely intervention are of great importance for improv-
ing the prognosis of NS newborns [6].

NS at an early stage often has atypical symptoms and 
signs. The current gold standard for NS diagnosis is 
blood culture, which requires a long culturing time with 
a low positive rate, making the early diagnosis extremely 
difficult [7]. There is an urgent need for a rapid biomarker 
and high specificity to help the early identification of NS 
before getting a positive blood culture. However, there 
is no excellent biomarker to be used in predicting NS. 
Numerous biomarkers have already been investigated for 
the early detection of sepsis. The classification of these 
markers includes risk prediction, diagnosis, monitoring, 
and outcome [8, 9]. Procalcitonin and CD14 are demon-
strated to be effective markers, while the costs of detec-
tion are often unaffordable for low- and middle-income 
nations like Brazil [9, 10].

Studies have demonstrated that Neutrophil-To-Lym-
phocyte Ratio (NLR) and Platelet-To-Lymphocyte Ratio 
(PLR) could be applied as biomarkers for NS [11–13]. 
The normal ranges of NLR and PLR do not have been 
unified, which depends on the age and health status of 
the neonates. NLR and PLR present to be applicable, fea-
sible, and affordable approaches for rapid diagnosis of 
NS, and are of great significance for the early diagnosis, 
treatment, and prevention of NS [14]. However, whether 
NLR or PLR is a better indicator for the diagnosis of neo-
natal sepsis and its diagnostic accuracy is still debated.

The aim of this study is to summarize the current evi-
dence to evaluate the diagnostic performance of NLR and 
PLR for NS, and assess the sensitivity and specificity of 
NLR and PLR for NS diagnosis, so as to provide a refer-
ence for clinical early identification of NS.

Materials and methods
Search strategy
PubMed and Embase were searched, from inception to 
May, 2022, for potentially eligible studies using an algo-
rithm based on combined words. Search items mainly 

included “Neonatal Sepsis”, “NLR”, “neutrophil to lym-
phocyte ratio”, “PLR”, and “platelet to lymphocyte ratio”. 
Taking PubMed for example, the search strategy was 
designed as follows: (NLR OR neutrophil to lymphocyte 
ratio OR neutrophil-lymphocyte ratio OR PLR OR plate-
let to lymphocyte ratio OR platelet-lymphocyte ratio)
AND(Neonatal Sepsis OR Neonatal Sepsis OR Sepsis, 
Neonatal OR Neonatal Late-Onset Sepsis OR Late-
Onset Sepsis, Neonatal OR Neonatal Late Onset Sepsis 
OR Neonatal Late-Onset Sepsis OR Sepsis, Neonatal 
Late-Onset OR Sepsis, Neonatal Late-Onset OR Neo-
natal Early-Onset Sepsis OR Early-Onset Sepsis, Neona-
tal OR Early-Onset Sepsis, Neonatal OR Neonatal Early 
Onset Sepsis OR Neonatal Early-Onset Sepsis OR Sepsis, 
Neonatal Early-Onset OR Sepsis, Neonatal Early-Onset). 
Reference lists of included studies were also searched for 
potentially eligible studies.

Inclusion and exclusion criteria
Studies meeting the following criteria were included: (a)
Evaluating the diagnostic performance of NLR and PLR 
for NS; (b)Retrospective study, prospective study, or 
cross-sectional study. Articles will be excluded for the 
following reasons:(a)Case-report, literature review, con-
ference summary, abstract unavailable, meta-analysis, 
letter, and comments;(b)Data unextractable;(c)Study 
reported and published in non-English.

Data extraction and quality assessment
Data extraction was conducted by two reviewers inde-
pendently. Extracted data contained: name of the first 
author, characteristics of the study (publication date, 
nationality, study design, and gold standard), character-
istics of participants, types of sepsis, samples for test, 
diagnostic cut-off value, true negative (TN), false nega-
tive (FN), true positive (TP), and false positive (FP). Any 
disagreement was settled via discussion between the 
reviewers.

Quality assessment was conducted by two reviewers 
independently using the Quality Assessment of Diagnos-
tic Accuracy Studies (QUADAS-2). Each included study 
was assessed according to the following domains: patient 
selection, index test, reference standard, and flow and 
timing. These domains were assessed according to the 
risk of bias, and the applicability was graded as “high”, 
“low”, or “unclear” [15]. Disagreements between the 
reviewers were settled through discussion.

Statistical analysis
All data analyses were performed using Stata 15.1 soft-
ware. Pooled sensitivity (SEN) and specificity (SPE) were 
analyzed using a bivariate random-effect model. The 
receiver operator characteristic curve (ROC) was plotted 
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and the area under the curve (AUC) was calculated. For 
an I2>50%, subgroup analysis and meta-regression were 
performed to identify the sources of heterogeneity, 
and the sources were classified based on the following 
aspects: sample size, nationality, study design, gold stand-
ard, types of sepsis, source of participants, and diagnostic 
cut-off value for sepsis) Deek’s funnel plot was provided 
to assess the publication bias. A p value less than 0.05 
indicated significant publication bias.

Results
Literature search and study selection
There were 83 articles retrieved (PubMed: 39, Embase: 
44), as shown in Fig. 1, and 25 duplicates were removed. 
Among the remaining 58 articles, 45 were excluded after 
browsing titles and abstracts. Finally, 13 studies were 
included after reading the full texts [13, 14, 16–26].

Characteristics and quality assessment of included studies
Characteristics of 13 included studies containing 2610 
participants (1862 for NLR, 159 for PLR, and 589 for both 
NLR and PLR) were summarized, as shown in Table  1. 
Among the 13 included studies, 5 were conducted in 
Turkey, 3 in China, 2 in Indonesia, 1 in India, 1 in Israel, 
and 1 in Egypt. As for study design, 6 were retrospective 
design, 5 were prospective, and 2 were cross-sectional. 
For the gold standard, 4 studies applied blood culture, 2 

applied clinical diagnostic criteria, and 7 adopted both. 
For types of sepsis, 6 studies reported EOS, 2 reported 
LOS, and 5 reported both the EOS and LOS.

QUADAS-2 was applied to assess the risk of bias and 
applicability of included studies, as shown in Fig. 2. Qual-
ity of included studies was considered to be acceptable. 
Risk of bias assessment showed that: for patient selec-
tion, 3 studies were graded as “high risk” due to non-
randomized or discontinuous selection; For index test, 11 
studies were graded as “high risk” due to that the cut-off 
values applied were not pre-determined; For reference 
standard, 1 study was graded as “high risk” due to appli-
cation of other criteria for NS diagnosis. For flow and 
timing, 8 studies were graded as “high risk” due to that 
part of the participants were excluded from data analy-
ses. Applicability assessment showed that 4 studies were 
graded as “high applicability” in the selection of NS chil-
dren in that the participants were concomitant with no 
other diseases, 5 studies were graded as “unclear applica-
bility” in index test due to that detailed process of diag-
nostic test was not reported, and 2 studies were graded as 
“high applicability” in reference standard due to that the 
gold standard was not applied.

Diagnostic performance of NLR for NS
The pooled SEN of NLR was 0.76 (95%CI: 0.61–0.87), 
with significant heterogeneity (96.82%). The SPE was 

Fig. 1 the PRISMA flow diagram of study selection
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0.82 (95%CI: 0.68–0.91), with significant heterogeneity 
(92.37%). The AUC of NLR was 0.86 (95%CI:0.83–0.89).

Subgroup analysis for EOS showed that the pooled 
SEN, SPE, and AUC of NLR were 0.87 (95%CI: 0.77–
0.93), 0.90 (95%CI: 0.73–0.97) and 0.94 (95%CI: 0.92–
0.96), respectively. Detailed results are shown in Fig.  3a 
and b. The results of subgroup analysis and meta-regres-
sion were shown in Table 2.

Subgroup analysis and meta-regression were per-
formed to identify the sources of heterogeneity. Types 
of sepsis (p = 0.01 for SEN), gold standard (p = 0.03 for 
SPE), and the cut-off values (p<0.05 for SPE) might be 
the sources of NLR heterogeneity. Deek’s funnel plot for 
included studies showed no significant publication bias 
(Fig. 3c, p = 0.30).

Diagnostic performance of PLR for NS
The pooled SEN of PLR was 0.82 (95%CI:0.63–0.92), 
with significant heterogeneity (92.40%). The SPE was 

0.80 (95%CI:0.24–0.98), with significant heterogeneity 
(97.85%). The AUC of PLR was 0.87 (95%CI:0.83–0.89).

Subgroup analysis for EOS showed that the pooled 
SEN, SPE, and AUC of PLR were 0.82 (95%CI: 0.63–0.92), 
0.80 (95%CI: 0.24–0.98) and 0.87 (95%CI: 0.83–0.89), 
respectively. Detailed results are shown in Fig.  3d and 
e. The results of subgroup analysis and meta-regression 
were shown in Table 3.

Subgroup analysis and meta-regression were per-
formed to identify the sources of heterogeneity. The cut-
off values (p<0.05 for SPE) might be the source of PLR 
heterogeneity. Deek’s funnel plot for included studies 
showed no significant publication bias (Fig. 3f, p = 0.46).

Discussion
Neutrophil count, lymphocyte count, and platelet count 
are often utilized as clinical indicators in blood analysis, 
which entails a quick and accessible laboratory inves-
tigation [27]. Indicators of NLR and PLR generated 
from blood analysis have received interest in the study 

Fig. 2 Risk of bias and applicability assessment of included studies
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Fig. 3 a Pooled SEN and SPE of NLR for diagnosing NS, b NLR symmetrical summary receiver operator characteristic (SROC) curve for included 
studies, c Deeks’ funnel plot for publication bias, d Pooled SEN and SPE of PLR for diagnosing NS, e PLR symmetrical summary receiver operator 
characteristic (SROC) curve for included studies, f Deeks’ funnel plot for publication bias

Table 2 Subgroup analysis of diagnostic performance of NLR

For all studies on NLR, the median cut off value is 2.12, and then the integer 3 is taken

Covariate/Subgroup Studies, n Sensitivity(95%CI) P-value Specificity(95%CI) P-value

Number of samples 0.05 0.75

 > 130 4 0.58[0.31–0.85] 0.87[0.74-1.00]

 ≤ 130 8 0.83[0.72–0.95] 0.78[0.63–0.94]

Country 0.59 0.60

 China 3 0.72[0.43-1.00] 0.79[0.54-1.00]

 Other countries 9 0.78[0.63–0.93] 0.83[0.71–0.96]

Study design 0.24 0.75

 Prospective 5 0.85[0.71–0.99] 0.83[0.68–0.99]

 Retrospective and Clinical 5 0.61[0.35–0.87] 0.83[0.67-0.0.98]

Gold standard 0.95 0.03

 Blood culture 4 0.80[0.58-1.00] 0.64[0.37–0.91]

 Clinic, blood culture 6 0.76[0.56–0.96] 0.91[0.81-1.00]

Type of Sepsis 0.01 0.11

 EOS&LOS 5 0.57[0.33–0.80] 0.72[0.50–0.94]

 EOS 5 0.87[0.76–0.89] 0.89[0.78-1.00]

Specimen 0.94 0.68

 Blood 11 0.76[0.62–0.90] 0.82[0.70–0.94]

 Venous cord blood 1 0.83[0.48-1.00] 0.82[0.44-1.00]

cut-off 0.54 0.04

 > 3 3 0.69[0.35-1.00] 0.96[0.90-1.00]

 ≤ 3 8 0.78[0.62–0.94] 0.72[0.57–0.87]
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of inflammation-related disorders in recent years [28]. 
PLR is increased in the inflammatory response as the 
microcirculation of the body is altered, the permeabil-
ity of blood vessels is increased, platelets are activated, 
and a large number of platelets are aggregated, which in 
turn aggravates the inflammatory response of the body 
[29]. NLR is considered to be a more sensitive indica-
tor for microbial infection. It rises rapidly after being 
infected and is often associated with disease severity 
[30, 31]. There have been increasing studies demonstrat-
ing that NLR and PLR would be of clinical significance 
for the diagnosis of NS [25, 32, 33], and would be asso-
ciated with the severity and prognosis of the disease. 
However, it is still unclear which is the better diagnostic 
value of NLR or PLR for neonatal sepsis. This study has 
performed meta-analysis for studies evaluating NLR and 
PLR for the diagnosis of NS, and has comprehensively 
assessed the diagnostic value of NLR and PLR, so as to 
provide a reference for clinical early identification of NS. 
Subgroup analysis for EOS showed that the pooled SEN, 
SPE, and AUC of NLR were 0.87 (95%CI: 0.77–0.93), 0.90 
(95%CI: 0.73–0.97) and 0.94 (95%CI: 0.92–0.96), respec-
tively. Subgroup analysis for EOS showed that the pooled 
SEN, SPE, and AUC of PLR were 0.82 (95%CI: 0.63–0.92), 
0.80 (95%CI: 0.24–0.98) and 0.87 (95%CI: 0.83–0.89), 
respectively.

This is the first systematic review and meta-analysis 
comparing the two indicators for NS diagnosis. Data 
on the participants in the 13 studies were collected and 
analyzed, and the results showed that the SEN, SPE, and 
AUC of NLR were 0.76, 0.82, and 0.86, respectively, and 
those of PLR were 0.82, 0.82, and 0.87, respectively. Both 
the two indicators have presented great and similar diag-
nostic accuracy, which indicates that NLR and PLR are of 
great accuracy in diagnosing NS, and of remarkable value 
for clinical screening and definite diagnosis of NS. These 
two indicators can be considered as reliable biomarkers 
of early-stage NS.

Deek’s funnel plot showed no significant publication 
bias existing, while there was significant heterogeneity, 
among included studies. Subgroup analysis and meta-
regression showed that for NLR, types of sepsis might 
be the source of heterogeneity of SEN, whereas the gold 
standard and the cut-off values might be that of SPE. As 
for PLR, the cut-off values might be the source of hetero-
geneity of SPE, while the source of heterogeneity of SEN 
could not be identified.

The diagnostic cut-off values for NLR and PLR var-
ied across the included studies, which might induce 
heterogeneity. Specifically, the cut-off values for NLR 
ranged from 1.24 to 6.76, while that for PLR ranged 
from 37.7 to 97.4. The differences in cut-off values 

Table 3 Subgroup analysis of diagnostic performance of PLR

For all studies on PLR, the median cut off value is 81.793, and then the integer 90 is taken

Covariate/Subgroup Studies, n Sensitivity(95%CI) P-value Specificity(95%CI) P-value

Number of samples 0.49 0.24

 >130 2 0.88[0.71-1.00] 0.84[0.24-1.00]

 ≤ 130 4 0.78[0.58–0.97] 0.80[0.26-1.00]

Country 0.47 0.76

 China 2 0.74[0.45-1.00] 0.60[-0.36-1.00]

 Other countries 4 0.85[0.71-1.00] 0.87[0.51-1.00]

Study design 0.65 0.10

 Prospective 4 0.80[0.62–0.98] 0.87[0.49-1.00]

 Retrospective and Clinical 2 0.87[0.68-1.00] 0.66[-0.33-1.00]

Gold standard 0.41 0.31

 Blood culture 1 0.65[0.17-1.00] 0.81[-0.09-1.00]

 Clinic, blood culture 5 0.85[0.72–0.98] 0.79[0.34-1.00]

Type of Sepsis 0.07 0.48

 EOS&LOS 1 0.49[0.03–0.94] 0.46[-0.99-1.00]

 EOS 5 0.86[0.75–0.96] 0.85[0.50-1.00]

Specimen 0.79 0.05

 Blood 5 0.81[0.65–0.97] 0.86[0.53-1.00]

 Venous cord blood 1 0.82[0.49-1.00] 0.37[-0.95-1.00]

cut-off 0.46 0.00

 > 90 2 0.88[0.71-1.00] 0.99[0.92-1.00]

 ≤ 90 4 0.78[0.59–0.97] 0.53[-0.10-1.00]
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could be explained by variations in the study popula-
tion, the type and severity of sepsis, and the laboratory 
testing methods used to measure NLR and PLR. Fur-
thermore, the optimal cut-off values for NLR and PLR 
might depend on the context and the diagnostic perfor-
mance criteria. Future studies should aim to establish 
standardized cut-off values for NLR and PLR that can 
be applied across different populations and settings.

This study also has some limitations: firstly, only 13 
studies were included in the meta-analysis, which lead 
to a small sample size. Secondly, all the included stud-
ies are retrospective or cross-sectional, more prospec-
tive studies in this area are needed to draw more robust 
conclusions. Lastly, none of the thresholds of PLR or 
NLR for the research were settled before the diagnosis, 
which could lead to an overestimation of their diagnos-
tic value.

Conclusion
In summary, this meta-analysis has demonstrated that 
NLR and PLR would be of great sensitivity and specificity 
in the diagnosis of NS, and can be used as biomarkers for 
early diagnosis of NS. These two indicators have shown 
similarly remarkable diagnostic accuracy in the detection 
of NS, which indicates that NLR and PLR would be accu-
rate and reliable in the diagnosis of NS. Clinical pediatri-
cians can consider using these two laboratory indicators 
to diagnose NS, with a view to early detection, early diag-
nosis and early treatment of NS, so as to improve the cure 
rate of NS and shorten the treatment cycle. However, the 
overall risk of bias was high, and significant heterogene-
ity was identified among the included studies. The results 
of this study should be interpreted prudently, and the 
normal or cut-off values and the type of sepsis should be 
considered. More prospective studies are needed to fur-
ther support the clinical application of these findings.
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