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Abstract
Background  Given the critical role of immune cells and their responses in sepsis pathogenesis, this study aimed 
to evaluate the prognostic significance of various immune cell ratios in septic children through the collection and 
analysis of clinical data.

Methods  Clinical data were collected from septic children admitted to the pediatric intensive care unit (PICU) of 
Shenzhen Children’s Hospital between January 2019 and September 2021. The peripheral blood immune cell ratios 
included the neutrophil to lymphocyte ratio (NLR), the derived neutrophil to lymphocyte ratio (dNLR), the neutrophil 
to lymphocyte and platelet ratio (NLPR), the monocyte to lymphocyte ratio (MLR), and the platelet to lymphocyte 
ratio (PLR). To investigate the associations between these immune cell ratios and mortality, we utilized the locally 
weighted scatterplot smoothing (LOWESS) method, receiver operating characteristic (ROC) analysis, and Kaplan‒
Meier (K‒M) analysis.

Results  A total of 230 septic children were enrolled in the study. When comparing the immune cell ratios between 
the deceased and surviving groups, all ratios except for the PLR were elevated in the deceased group. Using the 
LOWESS method, we observed that the MLR, NLR, dNLR, and NLPR exhibited an approximately linear association with 
in-hospital mortality. Among the various immune cell ratios, the NLPR exhibited the highest AUC of 0.748, which was 
statistically comparable to that of the Pediatric Critical Illness Score (PCIS) (0.748 vs. 0.738, P = 0.852). The NLR (0.652), 
MLR (0.638), and dNLR (0.615) followed in terms of AUC values. K‒M analysis revealed that children with elevated MLR, 
NLR, dNLR, and NLPR exhibited increased 30-day mortality.

Conclusion  The predictive capacity of the NLPR is comparable to that of the PCIS, suggesting that the NLPR has 
potential as a robust prognostic indicator for septic children.
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Introduction
Sepsis, resulting from a deregulated host response to 
infection, is a leading cause of systemic multiorgan dys-
function [1]. Despite a decreasing hospital mortality rate, 
sepsis still affects approximately 5.3 million people glob-
ally each year [2]. The condition of septic children is par-
ticularly complex, with often atypical symptoms that can 
rapidly change or progress, posing a significant threat to 
their lives. Early identification of high-risk children with 
sepsis and timely, appropriate intervention are thus para-
mount [3].

Despite significant research efforts, the identification 
of high-risk patients remains challenging [4]. Cytokines, 
including STREM-1, proenzymes, and interleukins, have 
garnered increasing attention for their potential in early 
sepsis recognition and prognosis prediction [5–9]. How-
ever, their clinical application is hindered by their high 
cost and complex operational techniques. Some critical 
scoring systems, such as the Paediatric Risk of Mortality 
(PRISM) III score and the Pediatric Critical Illness Score 
(PCIS), are widely used in paediatric intensive care units 
(PICUs) and have been used to accurately assess disease 
severity and prognosis in septic children [10]. These 
critical scoring systems involve many indicators, cum-
bersome operations, and unstable prediction accuracy, 
resulting in limited practical application, especially in 
some poor countries and regions.

Immune cells play a crucial role in the onset and pro-
gression of sepsis. They participate in both innate and 
adaptive immune responses through mechanisms such 
as phagocytosis, release of reactive oxygen species, and 
cytokine production [11, 12]. Existing evidence indicates 
that sepsis can alter the quantity and function of immune 
cells [13–15]. Notably, due to their immature immune 
development, limited regulatory and compensatory abili-
ties, and significant individual differences, children are 
more prone to immune cell imbalances than are adults.

The complete blood count (CBC), a widely utilized 
and cost-effective testing method in pediatric clini-
cal practice, serve as valuable biomarkers for systemic 
inflammation and immune responses. Recently, immune 
cell ratios, such as the neutrophil-to-lymphocyte ratio 
(NLR), derived neutrophil-to-lymphocyte ratio (dNLR), 
neutrophil-to-lymphocyte-to-platelet ratio (NLPR), 
monocyte-to-lymphocyte ratio (MLR), and platelet-
to-lymphocyte ratio (PLR), have been associated with 
adverse outcomes in various diseases, including cancer 
[16, 17], critical illnesses [18, 19], cardiovascular diseases 
[20, 21], stroke [22], and COVID-19 [23]. These ratios, 
which are emerging as prognostic indicators, are gain-
ing increasing attention from the medical community. 
Changes in immune cells are common in sepsis patients, 
yet limited research exists on the association between 
immune cell ratios and the prognosis of septic children in 

the PICU. Furthermore, there is a dearth of simple clini-
cal indicators for assessing the prognosis of septic chil-
dren. Therefore, the aim of this study was to investigate 
the predictive value of various immune cell ratios for the 
short-term prognosis of septic children, aiming to pro-
vide reliable clues for the early identification of high-risk 
patients.

Materials and methods
Source of patients
A retrospective analysis was conducted to gather clinical 
data from children with sepsis admitted to the PICU of 
Shenzhen Children’s Hospital between January 2019 and 
September 2021. Approval for the study was granted by 
the Ethics Committee of Shenzhen Children’s Hospital. 
As the retrospective nature of the study did not impact 
clinical decision-making, the informed consent was 
waived by the ethics committee.

Inclusion and exclusion criteria
The inclusion criteria for patients were as follows: (1) 
were children who were diagnosed with septicemia upon 
admission to the PICU; (2) were aged between 28 days 
and 18 years; and (3) had multiple hospitalizations in the 
PICU for whom only data from the initial hospitalization 
were available.

The exclusion criteria were as follows: (1) absence of 
routine blood test data within 24  h of PICU admission; 
(2) concurrent hematological malignancies or end-stage 
malignancies; (3) patients who received organ trans-
plantation or used hormones, cytotoxic drugs, or immu-
nosuppressive agents within the past 2 weeks; (4) PICU 
hospitalization duration less than 24  h; and (5) patients 
who elect to forgo treatment, opt for voluntary discharge, 
or who are referred to another medical facility.

Data collection
Clinical information for children with sepsis was gath-
ered from the medical records management system and 
subsequently entered and managed using Epidata V.3.1 
software (www.epidata.dk). The demographic data col-
lected included age and sex. Routine blood examination 
data were retrieved from the Laboratory Department 
of Shenzhen Children’s Hospital, with the initial values 
recorded within 24 h of admission to the PICU.

The PCIS score, encompassing 10 indicators—includ-
ing heart rate, systolic blood pressure, respiration, oxygen 
partial pressure, pH, serum sodium, serum potassium, 
serum creatinine or urea nitrogen, haemoglobin, and 
gastrointestinal manifestations—ranged from 0 to 100. 
Lower scores indicate more severe illness. The worst 
values of each PCIS were captured within 24  h of hos-
pitalization in the PICU. Notably, missing values for all 

http://www.epidata.dk
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variables were limited to less than 10%, and thus, the 
missing values were replaced with the mean or median.

Regarding the immune cell ratios, the following calcula-
tion methods were applied in this study: (1) PLR = platelet 
count divided by lymphocyte count; (2) MLR = monocyte 
count divided by lymphocyte count; (3) NLR = neutrophil 
count divided by lymphocyte count; (4) dNLR = the ratio 
of neutrophils to (white blood cells - neutrophils); and (5) 
NLPR = neutrophil count multiplied by 100 divided by 
(lymphocyte count multiplied by platelet count). The pri-
mary outcome indicator was inpatient mortality, defined 
as death occurring during hospitalization.

Statistical analysis
Continuous variables with a normal distribution are 
expressed as the mean ± standard deviation. Differences 
between two groups were compared using Student’s t 
test. Variables with a skewed distribution are represented 
by the median (interquartile range) and were compared 
using the Mann‒Whitney U test. Categorical variables 
are presented as the number of cases (percentages) and 
were analysed using the chi-square test to assess differ-
ences between the groups.

Locally weighted scatterplot smoothing (LOWESS) 
was employed to elucidate the approximate relation-
ship between various ratios of peripheral blood immune 
cells and inpatient mortality among children with sep-
sis. Receiver operating characteristic (ROC) curves were 
generated to assess the predictive utility of these immune 
cell ratios for inpatient mortality. The Youden index, 
which is the sum of the sensitivity and specificity minus 
1, was computed to determine the optimal cut-off value 
based on the maximum Youden index. The Z test was uti-
lized to compare the area under the curve (AUC) values 
among different indicators. Furthermore, we conducted a 
sensitivity analysis to investigate the predictive value of 
various immune cell ratios on mortality across different 
age subgroups and in subgroups stratified by the pres-
ence or absence of multi-system infection.

Children with sepsis were stratified based on the estab-
lished cut-off values for different immune cell ratios. 
Kaplan‒Meier (K‒M) analysis was then conducted to 
generate 30-day survival curves for each stratum, and 
these curves were compared using the log-rank test. Sta-
tistical significance was set at P < 0.05. All the statistical 
analyses were performed using STATA V.16, R V.4.2.1 
and MedCalc V.18.2.1.

Results
General information of the enrolled patients
The flowchart depicting the selection of study subjects 
is presented in Fig.  1. Table  1 summarizes the baseline 
demographics of the children with sepsis. A total of 230 
pediatric patients with sepsis were enrolled, with 131 

(57.0%) being male and 99 (43.0%) being female, yield-
ing a median age of 16 months. Regarding the sources 
of sepsis infection (multiple sites can be concurrently 
infected upon admission to the PICU), respiratory sys-
tem involvement was observed in 150 patients (65.2%), 
followed by digestive system involvement in 74 patients 
(32.2%), blood system involvement in 75 patients (32.6%), 
and involvement of other sites in 87 patients (37.8%).

The median duration of ICU stay among the chil-
dren with sepsis was 4.5 days, with 122 patients (53.0%) 
requiring mechanical ventilation support. A total of 51 
patients (22.2%) died in the hospital.

Comparison of clinical data between septic patients in the 
survival group and those in the nonsurviving group
A comparison was conducted between septic children in 
the survival and death groups, and the results are sum-
marized in Table  1. The death group exhibited signifi-
cantly lower lymphocyte counts (1.44 vs. 2.05, P = 0.010), 
platelet counts (119 vs. 225, P < 0.001), and PCIS scores 
(78 vs. 86, P < 0.001) than did the survival group. Addi-
tionally, significant differences in immune cell ratios 
were observed between the two groups. Specifically, 
compared with the survival group, the death group had 
elevated MLR (0.43 vs. 0.26, P = 0.003), NLR (4.83 vs. 
2.41, P < 0.001), dNLR (3.16 vs. 1.87, P = 0.012), and NLPR 
(5.22 vs. 1.06, P < 0.001) compared to the survival group, 
except for PLR.

Approximate association between immune cell ratios and 
in-hospital mortality in patients with pediatric sepsis
Using the LOWESS method, we examined the approxi-
mate relationship between immune cell ratios and in-
hospital mortality among children with sepsis. Figure  2 
illustrates that the PLR exhibits an inverted “U”-shaped 
association with hospital mortality. Notably, the low-
est hospital mortality rate (11%) occurred when the PLR 
ranged between 150 and 250. Conversely, when the PLR 
was below 25 or above 550, the hospital mortality rates 
increased to 50% and 38%, respectively.

Threshold effect analysis and likelihood ratio tests were 
used to compare the difference between linear analy-
sis (Model I) and non-linear analysis (Model II), and the 
bootstrap resampling method was used to analyze the 
threshold effect between PLR and the risk of hospital 
mortality. As depicted in Fig. 2A, the mortality rate was 
lower in the PLR range of 150–250 compared to other 
ranges. Consequently, we attempted to use 150 and 250 
as two inflection points. The P-value for the likelihood 
ratio test of the models was less than 0.001, demonstrat-
ing a nonlinear relationship between PLR and risk of hos-
pital mortality (Supplementary Table 1). When PLR was 
less than 150, the OR value was 0.983 (0.972–0.993) with 
a P-value of 0.001. For PLR values between 150 and 250, 
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the OR value was 1.006 (0.983–1.029) with a P-value of 
0.605. When PLR exceeded 250, the OR value was 1.000 
(0.999–1.001) with a P-value of 0.887.

Furthermore, our analysis revealed an approximately 
linear growth relationship between the MLR, NLR, 
dNLR, and NLPR and in-hospital mortality. Specifically, 
hospital mortality rates reached 55% when the MLR 
ranged between 1.0 and 1.5, 44% when the NLR exceeded 
15.0, 50% when the dNLR exceeded 15.0, and 55% when 
the NLPR exceeded 15.0. These findings suggest that spe-
cific immune cell ratios may serve as prognostic indica-
tors for in-hospital mortality in patients with pediatric 
sepsis.

The ability of immune cell ratios to predict in-hospital 
mortality in patients with pediatric sepsis
The results of the ROC analysis, presented in Fig.  3A; 
Table  2, demonstrate the predictive value of the MLR, 
NLR, dNLR, and NLPR for in-hospital mortality in chil-
dren with sepsis. All four ratios exhibited significant pre-
dictive ability (P < 0.05), with AUC values of 0.638, 0.652, 
0.615, and 0.748, respectively.

For the MLR, the optimal cut-off value was 0.61, yield-
ing a predictive sensitivity of 41.18% and specificity of 
84.92% (P = 0.004). The NLR demonstrated an optimal 
cut-off value of 2.48, resulting in a predictive sensitivity 
of 74.51% and specificity of 51.96% (P < 0.001). Similarly, 
the dNLR had an optimal cut-off value of 1.59, achiev-
ing a predictive sensitivity of 78.43% and specificity of 
45.25% (P = 0.008). The NLPR exhibited an optimal cut-
off value of 2.34, with a predictive sensitivity of 68.63% 
and specificity of 71.51% (P < 0.001).

In the sensitivity analysis, we examined the predictive 
value of various immune cell ratios on mortality across 
different age subgroups and subgroups based on the pres-
ence or absence of multi-system infection. Initially, we 
stratified our study population into a younger age group 
(≤ 16 months) and an older age group (> 16 months) 
based on the median age. As shown in Supplementary 
Table 2, both the single indicator NLPR and the compos-
ite indicator PCIS demonstrated good predictive value in 
both age groups. Notably, in the younger age group, the 
AUC value of NLPR (0.796) was higher than that of PCIS 
(0.729). Similarly, in the subgroup analysis based on the 

Fig. 1  Flow diagram
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presence or absence of multi-system infection, the results 
remained consistent across different subgroups (Supple-
mentary Table 3).

As depicted in Fig. 3B; Table 3, among all the immune 
cell ratios, the NLPR had the highest predictive value 
for in-hospital mortality in septic children, even higher 
than that of the NLR, which ranked second (Z = 2.553, 
P = 0.011). The AUC for the PCIS was 0.738, with an 
optimal cut-off value of 84. The predictive sensitivity of 
the PCIS was 84.31%, while the specificity was 54.75% 
(P < 0.001). Notably, there was no statistically signifi-
cant difference in the AUC between the NLPR and PCIS 
(Z = 0.187, P = 0.852).

Survival analysis of pediatric sepsis patients stratified by 
immune cell ratios
The K‒M curves depicted in Fig. 4A-E illustrate the asso-
ciations between distinct immune cell ratios and 30-day 
mortality among children with sepsis. Notably, children 
in the high MLR, NLR, dNLR, and NLPR groups exhib-
ited lower survival rates than those in the corresponding 
low groups at various time points (P < 0.05). This trend 
is mirrored in the survival curves for PCIS (Fig.  4F). 

Furthermore, the log-rank test yielded P-values less than 
0.001 for both NLPR and PCIS.

Compared to those in the normal PLR group, chil-
dren in the high PLR group had a lower survival rate 
(P = 0.046). No significant difference in survival rate was 
observed between the normal PLR group and the low 
PLR group (P = 0.133). However, this contradicts the find-
ings obtained in our curve fitting section. There exists 
uncertainty regarding the use of PLR as a prognostic 
indicator in pediatric sepsis.

Discussion
Immune cells play a crucial role in the etiology and pro-
gression of sepsis, with alterations in their number and 
function significantly influencing the inflammatory and 
anti-inflammatory balance early in the disease course. 
The primary objective of this study was to assess the 
prognostic implications of various immune cell ratios 
in septic children admitted to the PICU. Specifically, 
we focused on the PLR, MLR, NLR, dNLR, and NLPR, 
integrating immune cells (neutrophils, lymphocytes, 
monocytes, and platelets) pertinent to sepsis pathogen-
esis and progression. This study highlighted the intricate 

Table 1  Comparison of clinical data between septic children in the survival group and the death group
Variable All patients Survival group Death group P

(n = 230) (n = 179) (n = 51)
Age, months 16 (5–54) 16 (4–53) 19 (6–66) 0.599
Gender, n (%) 0.760
  Male 131 (57.0) 101 (56.4) 30 (58.8)
  Female 99 (43.0) 78 (43.6) 21 (41.2)
Site of infection, n (%)(%)
  Respiratory system 150 (65.2) 114 (63.7) 36 (70.6) 0.361
  Digestive system 74 (32.2) 60 (33.5) 14 (27.5) 0.413
  Blood system 75 (32.6) 53 (29.6) 22 (43.1) 0.069
  Other parts 87 (37.8) 71 (39.7) 16 (31.4) 0.549
Multi-system infection 0.738
  No 108 (47.0) 83 (46.4) 25 (49.0)
  Yes 122 (53.0) 96 (53.6) 26 (51.0)
Laboratory tests
  WBC, 109/L 10.01 (5.11–15.43) 9.46 (5.27–14.55) 11.68 (3.42–18.94) 0.493
  Neutrophils, 109/L 5.87 (2.92–11.29) 5.79 (2.92–10.57) 7.31 (2.64–16.20) 0.181
  lymphocyte, 109/L 1.95 (1.03–3.47) 2.05 (1.13–3.58) 1.44 (0.64–2.62) 0.010
  monocyte, 109/L 0.59 (0.28–0.99) 0.55 (0.29–0.86) 0.67 (0.21–1.06) 0.375
  platelet, 109/L 228 (116–372) 255 (132–389) 119 (37–312) < 0.001
  PCIS score 84 (78–90) 86 (80–90) 78 (70–84) < 0.001
Immune cell ratio
  PLR 107.40 (53.91-221.31) 115.64 (63.15-219.17) 71.56 (34.48-292.86) 0.162
  MLR 0.29 (0.14–0.54) 0.26 (0.14–0.43) 0.43 (0.16–0.94) 0.003
  NLR 2.92 (1.42–6.86) 2.41 (1.25–6.05) 4.83 (2.25–9.53) < 0.001
  dNLR 2.22 (1.14–4.60) 1.87 (1.00-4.24) 3.16 (1.63–4.89) 0.012
  NLPR 1.43 (0.57–4.79) 1.06 (0.45–2.66) 5.22 (1.41–14.28) < 0.001
dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NLPR, neutrophil-to-lymphocyte and 
platelet ratio; PCIS, pediatric critical illness score; PLR, platelet-to-lymphocyte ratio; WBC, white blood cell
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immune-immune and immune-coagulation interactions 
underlying the inflammatory response in sepsis.

Our findings revealed that, except for the PLR, immune 
cell ratios were greater in the nonsurviving group than in 
the surviving group. The LOWESS method demonstrated 
a linear association between the MLR, NLR, dNLR, 
and NLPR and in-hospital mortality. Furthermore, we 

used ROC curves to assess the ability of these immune 
cell ratios to predict in-hospital mortality in septic chil-
dren. The results indicated that the NLPR had predictive 
power comparable to that of the PCIS, followed by the 
NLR, MLR, and dNLR. K‒M analysis further revealed 
greater 30-day mortality rates among children with 
elevated MLR, NLR, dNLR, and NLPR. These findings 

Fig. 2  Relationship between the immune cell ratio and in-hospital mortality in children with sepsis. (A) Platelet-to-lymphocyte ratio (PLR); (B) monocyte-
to-lymphocyte ratio (MLR); (C) neutrophil-to-lymphocyte ratio (NLR); (D) derived neutrophil-to-lymphocyte ratio (dNLR); (E) neutrophil-to-lymphocyte 
and platelet ratio (NLPR)
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offer valuable insights into the prognostic implications of 
immune cell ratios in pediatric sepsis patients, emphasiz-
ing the importance of immune cell monitoring in clinical 
practice.

Our study revealed no significant differences in white 
blood cell count, neutrophil count, or monocyte count 
between the nonsurviving and surviving groups upon 
admission. However, the lymphocyte count and plate-
let count were notably lower in the nonsurviving group. 
These observations align with previous research findings 
[24, 25]. White blood cells, a heterogeneous population 

encompassing lymphocytes, monocytes, and granulo-
cytes, can exhibit elevated counts in sepsis patients but 
may also remain unchanged or decrease. Consequently, 
the specificity of the white blood cell (WBC) count as a 
biomarker of sepsis is limited. In this study, both groups 
exhibited relatively high neutrophil counts within the 
normal range, with a slight increase in the nonsurviving 
group; however, the difference was not statistically signif-
icant. Neutrophils, the most abundant leukocyte subpop-
ulation, are influenced by numerous factors, including 
age, stress, hypoxia, endocrine function, medications, 

Table 2  Area under the curve (AUC) values for predicting hospital mortality in children with sepsis using peripheral blood immune 
cell ratios and PCIS scores
Variable AUC P 95% CI Cut-off Sensitivity Specificity
PLR 0.564 0.231 0.497–0.629 58.96 47.06% 75.98%
MLR 0.638 0.004 0.572-0.700 0.61 41.18% 84.92%
NLR 0.652 < 0.001 0.587–0.714 2.48 74.51% 51.96%
dNLR 0.615 0.008 0.549–0.678 1.59 78.43% 45.25%
NLPR 0.748 < 0.001 0.687–0.803 2.34 68.63% 71.51%
PCIS 0.738 < 0.001 0.676–0.793 84 84.31% 54.75%
dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NLPR, neutrophil-to-lymphocyte and 
platelet ratio; PCIS, pediatric critical illness score; PLR, platelet-to-lymphocyte ratio

Table 3  Comparison of area under the curve (AUC) values for predicting hospital mortality in children with sepsis using peripheral 
blood immune cell ratios and PCIS scores
Immune cell ratio AUC difference Standard error 95% CI Z-statistic P
NLR vs. dNLR 0.038 0.023 -0.007-0.082 1.667 0.095
NLR vs. MLR 0.014 0.038 -0.060-0.089 0.378 0.706
NLPR vs. NLR 0.096 0.037 0.022–0.169 2.553 0.011
NLPR vs. PCIS 0.010 0.054 -0.096-0.116 0.187 0.852
dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NLPR, neutrophil-to-lymphocyte and 
platelet ratio; PCIS, pediatric critical illness score; PLR, platelet-to-lymphocyte ratio

Fig. 3  Receiver operating characteristic (ROC) analysis. (A) ROC curves for predicting hospital mortality in children with sepsis using different immune 
cell ratios; (B) ROC curves for predicting hospital mortality in children with sepsis using the pediatric critical illness score (PCIS) score and the neutrophil-
to-lymphocyte and platelet ratio (NLPR). dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lympho-
cyte ratio; PLR, platelet-to-lymphocyte ratio
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infection, and bone marrow haematopoiesis. Therefore, 
achieving a consistent trend in neutrophil count changes 
in complex disease environments remains challeng-
ing [25]. Monocytes, a heterogeneous cell population, 
exhibit diverse morphologies, functions, and phenotypic 
characteristics. Under physiological conditions, classical 
monocytes constitute approximately 85% of circulating 

monocytes, intermediate monocytes account for 5%, 
and nonclassical monocytes constitute 10% of the total 
[26]. During sepsis, monocytes transition from the clas-
sical subtype to intermediate and nonclassical subtypes 
[27]. Despite the pivotal role of monocytes in sepsis, the 
impact of monocyte count on sepsis patient progno-
sis remains controversial. Some studies have associated 

Fig. 4  Kaplan‒Meier analysis of the relationship between immune cell ratios and 30-day mortality in children with sepsis. (A) Platelet-to-lymphocyte 
ratio (PLR); (B) monocyte-to-lymphocyte ratio (MLR); (C) neutrophil-to-lymphocyte ratio (NLR); (D) derived neutrophil-to-lymphocyte ratio (dNLR); (E) 
neutrophil-to-lymphocyte and platelet ratio (NLPR); (F) Pediatric Critical Illness Score (PCIS)
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increased monocyte counts with increased mortality, 
while others have linked monocyte depletion to increased 
mortality [11, 28]. Consequently, the predictive value of a 
single monocyte count for the prognosis of patients with 
sepsis is limited.

Increasing evidence indicates that lymphocytope-
nia, which involves the depletion of T cells, B cells, and 
natural killer cells, frequently occurs during sepsis, ulti-
mately leading to immune paralysis [29]. Clinical stud-
ies examining lymphocyte counts have revealed that this 
decrease not only occurs at sepsis onset but also persists 
at a low level for up to 28 days [30, 31]. Drewry et al. [30] 
conducted a single-center retrospective cohort study to 
assess whether sustained lymphocytopenia following 
sepsis diagnosis is a predictor of inpatient mortality. The 
findings demonstrated significantly lower lymphocyte 
counts on the 4th day postdiagnosis among nonsurvi-
vors than among survivors. Multivariate logistic regres-
sion analysis revealed that the absolute lymphocyte count 
on the 4th day was independently correlated with 28-day 
mortality (adjusted OR 0.68, 95% CI 0.51–0.91) and 
1-year mortality (adjusted OR 0.74, 95% CI 0.59–0.93). 
Inflammation and coagulation dysfunction are key con-
tributors to organ damage in sepsis, with platelets playing 
a pivotal role in both processes [32]. Thrombocytopenia 
is common in PICU wards [33] and serves as a reliable 
predictor of poor prognosis in sepsis patients [34]. The 
emergence of thrombocytopenia in sepsis is linked to 
various factors, including decreased platelet production, 
blood dilution, platelet-leukocyte aggregation, immune-
mediated platelet destruction, drug-induced thrombocy-
topenia, and disseminated intravascular coagulation [35, 
36].

This study revealed significantly elevated values of 
MLR, NLR, dNLR, and NLPR in the septic death group 
compared to the survival group (P < 0.05), consistent 
with previous research [23, 24, 37]. However, no signifi-
cant difference in the PLR was observed between the two 
groups. Few studies exist on the associations between 
the PLR or MLR and the prognosis of septic patients. 
A four-year prospective study encompassing 392 criti-
cally ill patients with sepsis showed no significant differ-
ence in the PLR between the death and survival groups, 
and logistic regression analysis did not establish a cor-
relation between the PLR and mortality [24]. Our study 
employed LOWESS analysis to detect a putative “U”-
shaped relationship between the PLR and in-hospital 
mortality among children with sepsis. Patients were sub-
sequently categorized into three groups based on their 
PLR: low, normal, and high. After conducting a thresh-
old effect analysis, it appears that a low PLR is associ-
ated with increased in-hospital mortality, whereas a 
high PLR seems unrelated. However, further survival 
analysis yielded contradictory results. The findings from 

our survival analysis align with those reported by Shen 
et al. [38]. It is widely recognized that low levels of lym-
phocytes and platelets correlate with poor prognosis. 
Nevertheless, it’s important to note that platelets and 
lymphocytes can trigger or exacerbate inflammatory pro-
cesses by inducing the release of inflammatory cytokines 
and interacting with various bacteria and immune cells. 
Consequently, higher levels of platelets and lympho-
cytes may indicate a more severe inflammatory response. 
Therefore, the relationship between PLR and the progno-
sis of pediatric sepsis remains uncertain, requiring fur-
ther validation with a larger sample size. Additionally, the 
association between PLR and outcomes varies consider-
ably among different patient populations, and the het-
erogeneity among critically ill patients may also lead to 
deviations in results.

Monocytes constitute a crucial component of the 
innate immune system, presenting antigens to lympho-
cytes and serving as a bridge to the adaptive immune 
system. Current prognostic studies on the MLR primar-
ily focus on malignant tumors, where it has been shown 
to predict mortality in patients with ovarian cancer, liver 
cancer, endometrial cancer, and colon cancer [39–42]. 
Given the established association between inflamma-
tion and malignant tumors, where inflammatory reac-
tions play a pivotal role in tumor proliferation, invasion, 
and metastasis, this study aimed to investigate whether 
the MLR can serve as a predictor of inpatient mortality 
in children with sepsis. Our findings revealed that higher 
MLRs were associated with an elevated risk of inpa-
tient mortality. However, this finding is not unanimous. 
A case‒control study evaluated the correlation between 
the MLR and various critical illness scores, including 
the Acute Physiology and Chronic Health Evaluation 
II, Simplified Acute Physiology Score II, and Sequential 
Organ Failure Assessment scores. The results did not 
demonstrate a linear correlation between the MLR and 
these scores (P > 0.05), and the MLR was not identified 
as an independent risk factor for inpatient mortality (OR 
0.91, 95% CI 0.46–1.80) [43]. Given the physiological dis-
parities between adults and children, further studies are 
imperative to elucidate the relationships between the 
PLR and MLR and their prognostic implications in chil-
dren with sepsis.

The prognostic predictive role of the NLR in sepsis has 
been extensively studied, particularly in adults, but rela-
tively few studies have focused on pediatric patients. In 
a separate study conducted by Fois et al. [23], a statisti-
cal analysis of the NLR and dNLR was performed among 
119 adult patients with COVID-19 upon admission. Sig-
nificantly elevated NLR and dNLR values were observed 
in the deceased group. K‒M survival curves demon-
strated a significantly lower survival rate among patients 
with a higher NLR or dNLR. Although the difference in 



Page 10 of 12Wang et al. BMC Pediatrics          (2024) 24:611 

neutrophil counts between the surviving and deceased 
groups was not statistically significant in this study, the 
NLR and dNLR were significantly greater in the deceased 
group. This suggests that the difference in the NLR and 
dNLR between the two groups may be primarily attrib-
uted to differences in lymphocyte counts. The NLR and 
dNLR serve as markers of the balance between neu-
trophils and lymphocytes, providing a comprehensive 
indication of the immune status of the body. Given the 
association between the NLR and inflammatory response 
severity, it is speculated that an elevated NLR and dNLR 
may be associated with the severity of the inflamma-
tory response in children with sepsis. Future studies are 
needed to further investigate the prognostic implications 
of the NLR and dNLR in pediatric sepsis patients.

With low AUC values, the NLR and dNLR possess lim-
ited predictive capacity for mortality in pediatric sepsis 
patients, rendering them unreliable prognostic indica-
tors. In contrast, the NLPR, a novel prognostic marker, 
has garnered increasing attention from the medical com-
munity in recent years. Gameiro et al. [44] analyzed the 
prognostic relationship between NLPR and outcomes in 
a retrospective study involving 399 patients with sepsis 
complicated by acute kidney injury. The results indicated 
that the NLPR in the deceased group was significantly 
higher than that in the survival group (P = 0.028). When 
NLPR was analyzed as a continuous variable, the adjusted 
OR was 1.01 (95% CI 1.00-1.02). When treated as a cat-
egorical variable, the adjusted OR was 2.14 (95% CI 
1.23–3.71). In another observational study, researchers 
evaluated the impact of NLR and NLPR on the 28-day in-
hospital mortality rate of sepsis patients [45]. The results 
showed that the AUC for predicting 28-day mortality was 
0.762 for NLR and 0.827 for NLPR. After grouping NLR 
and NLPR based on optimal cutoff values, both the high 
NLR and high NLPR groups had higher mortality rates 
and shorter survival times compared to the low NLR and 
low NLPR groups, respectively. These findings align with 
the results presented in our study.

By seamlessly integrating platelet counts into the tra-
ditional NLR, the NLPR aims to enhance its predictive 
capabilities. This study revealed that the NLPR exhib-
ited the highest AUC among various immune cell ratios, 
highlighting its strong predictive power for inpatient 
mortality in children with sepsis. Notably, the NLPR 
demonstrated comparable predictive accuracy to that of 
the established PCIS. However, the clinical application 
of the PCIS is hindered by the requirement for numer-
ous data inputs, encompassing blood pressure, blood gas, 
renal function, and other parameters. Conversely, the 
NLPR, an economically viable and easily accessible labo-
ratory hematological parameter, may pave the way for its 
widespread clinical utilization.

This study has several noteworthy advantages. Firstly, 
we comprehensively explored the ability of various 
immune cell ratios to predict the prognosis of patients 
with pediatric sepsis, facilitating the identification of an 
indicator that rivals the predictive accuracy of the estab-
lished PCIS. Secondly, the widespread availability and 
affordability of routine blood examination render it a 
practical tool for prognosis prediction in septic children, 
especially in low-income nations or regions with limited 
medical resources.

Certain limitations of this study should be acknowl-
edged. Firstly, the single-center design may have intro-
duced selection bias, affecting the representativeness of 
the study cohort. Secondly, its retrospective nature pre-
cluded the elucidation of a clear mechanism underlying 
the association between immune cell ratios and prog-
nosis. Furthermore, retrospective studies inherently rely 
on existing data records, which may be incomplete or 
contain errors. Such issues could potentially introduce 
bias into the study results. In our future work, we plan to 
adopt a prospective study design, involving subjects from 
at least two centers and expanding the sample size. Our 
purpose is to construct a clinical prediction model based 
on NLPR combined with multiple indicators. Thirdly, due 
to the limitations of being a retrospective study and hav-
ing a small sample size, we were unable to analyze some 
relatively important variables, such as the predictive 
value of immune cell composition for multidrug-resistant 
bacteria. Finally, the exclusion of dynamic immune cell 
data beyond the initial 24 h after admission to the PICU 
limited the scope of our findings.

Conclusion
Sepsis, a disease of significant concern among PICU 
practitioners, necessitates early identification of high-
risk patients for improved prognosis. The present study 
investigated the association between various immune 
cell ratios and in-hospital mortality among septic chil-
dren admitted to the PICU. Our findings revealed the 
limited ability of the MLR, NLR, and dNLR to predict in-
hospital mortality. Conversely, the NLPR demonstrated 
robust predictive power comparable to that of the PCIS. 
Through this study, we have identified NLPR as a promis-
ing simple indicator. Integrating NLPR with other labora-
tory markers or scoring systems to construct a prognostic 
prediction model would be a highly worthwhile research 
avenue.
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