
INTRODUCTION

	 Neonatal pulmonary infection is a relatively common 
disease in clinical pediatrics, mainly caused by bacterial 
and viral invasions induced by incomplete immune 
system development, weak body defenses, and poor 
organ function after separation from the mother.1,2 When 
neonatal pulmonary infection occurs, the quality of the 
child’s breathing is severely affected, which may lead to 
respiratory distress, hypoxemia, and even respiratory 
and cardiac failure. If effective and reasonable treatment 
is not taken in time, the life of the child may be directly 
endangered. However, it is worth noting that the early 
clinical symptoms of this disease are atypical, and it is 
characterized by rapid onset, high treatment difficulty, 
and high mortality rate. Previously, neonatal pulmonary 
infection was diagnosed by chest X-ray or computed 
tomography and specific laboratory indicators; however, 
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ABSTRACT
Objective: To investigate the predictive effects of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), red blood cell distribution width (RDW), and mean platelet volume (MPV) on the severity of neonatal pulmonary 
infections. 
Methodology: This is a retrospective design. Ninety childrens with pulmonary infection who received treatment in 
Mianzhu People’s Hospital from March 2023 to September 2024 were randomly selected as the subjects, and were 
divided into mild, moderate, and severe groups according to the different degrees of pulmonary infection, while 50 
healthy newborns were selected as controls. The levels of NLR, PLR, RDW, and MPV were measured, and correlation 
analyses were conducted.
Results: NLR, PLR and RDW levels were the highest in the severe group, and the MPV level was the lowest (P < 0.05). 
Serum NLR, PLR, and RDW levels all showed a significant positive correlation with the neonatal critical illness score 
(NCIS) and oxygenation index (OI) (P < 0.05) and a significant negative correlation with the respiratory index (RI) (P < 
0.05); the serum MPV level showed a significant negative correlation with the NCIS and OI (P < 0.05) and a significant 
positive correlation with the RI (P < 0.05). The area under the curve was 0.710 for NLR, 0.713 for PLR, 0.714 for RDW, 
and 0.725 for MPV.
Conclusion: NLR, PLR, RDW, and MPV can evaluate the condition of neonatal pulmonary infection and provide a 
reference basis for clinicians to understand the severity of the condition and rational treatment of children, which has 
high clinical application value.
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the compliance of neonates and their families with 
imaging is low, and excessive exposure to ionizing 
radiation has a high risk of carcinogenesis and immune 
system damage in neonates.3,4 Therefore, there is an 
urgent need to find a safe examination method that is 
suitable for neonates to prevent further deterioration and 
ensure the safety of the child.
	 Blood examination is a routine clinical examination, 
and complete blood count is easy to obtain. In recent 
years, some optimized indicators based on blood route 
indices, such as neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), red blood cell 
distribution width (RDW), and mean platelet volume 
(MPV), have been considered to have significant 
predictive effects in the prognosis of various diseases, 
including cardiovascular and cerebrovascular diseases 
and malignancies.5-7 Numerous studies in China and 
abroad have confirmed that the above indicators have 
predictive value in various diseases.8-11 
	 However, there are few studies on NLR, PLR, MPV, 
and RDW in assessing the severity of neonatal pulmonary 
infections. Therefore, this study analyzed the correlation 
and predictive value of NLR, PLR, RDW, and MPV with 
the severity of neonatal pulmonary infections in order to 
provide more theoretical basis and experimental basis for 
the clinical diagnosis and treatment of neonates.
	 Our objective was to  investigate the predictive effects 
of neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), red blood cell distribution width 
(RDW), and mean platelet volume (MPV) on the severity 
of neonatal pulmonary infections. 

METHODOLOGY

	 This study is a retrospective design. Ninety children’s 
with pulmonary infection who received treatment in 
Mianzhu People’s Hospital from March 2023 to September 
2024 were randomly selected as the study subjects, and 
they were divided into mild, moderate, and severe groups 
according to the different severity degrees of pulmonary 
infection, with 30 cases in each group. In addition, 50 
healthy newborns born in our hospital during the same 
period were selected as the control group. 
Ethical Approval: This study was reviewed and approved by 
the Ethics Committee of the hospital (MZPH20241118014; 
dated November 18, 2024).
Inclusion criteria:
-	 Delivery in our hospital.
-	 Diagnosis of pulmonary infection by clinical 
 	 examination according to the relevant diagnostic  
	 criteria of Practical Neonatology.
-	 Birth age less than 28 days.
-	 Symptoms such as grunting, cyanosis or refractory 
 	 apnea of different degrees.
-	 Inspiration frequency > 60 times/min.
-	 Infiltrative shadows of different sizes in the lungs on 
 	 radiography.
-	 Pathogenic bacteria after culture of lower respiratory 
 	 tract secretions.
-	 Parents of the infant were informed and signed the 
 	 informed consent form.

Exclusion criteria:
-	 Chromosomal abnormalities.
-	 Incomplete clinical data.
-	 Congenital respiratory malformations.
-	 Congenital heart disease.
-	 Congenital metabolic and genetic diseases. 
	 Criteria for determining the severity of pulmonary 
infection are as follows. Mild: good general condition, 
no high-risk factors, stable vital signs, and no obvious 
abnormalities in organ function; moderate: obvious 
clinical symptoms, mechanical ventilation ≤ 4 days; 
severe: impaired consciousness, respiratory rate > 30 
times/min, arterial partial pressure of oxygen (PaO2) 
< 60 mmHg, PaO2/fraction of inspiration O2 (FiO2) < 
300 mmHg, requiring mechanical ventilation or even 
admission to the intensive care unit (ICU).
Research methodology: Using a vacuum blood collection 
tube containing ethylenediaminetetraacetic acid, 3 ml. of 
fasting venous blood was collected from infant patients 
that did not undergo antibiotic therapy and healthy 
neonates on the morning of the second day of enrollment. 
Blood analysis was performed using a Beckman AU5800 
automated biochemical analyzer. Results of routine blood 
tests were recorded to obtain serum indicators such as 
NLR, RDW, PLR, and MPV.
Observed indicators: Pulmonary function indicators, 
including oxygenation index (OI), respiratory index (RI)), 
and neonatal critical illness score (NCIS), were recorded 
for newborns in the mild, moderate, and severe groups.12

	 Serum NLR, PLR, RDW, and MPV levels of newborns 
in the mild, moderate, severe, and control groups were 
recorded. 
	 Pearson correlation analysis was performed on the 
correlation between serum NLR, PLR, RDW, and MPV 
levels in newborns with pulmonary infections and NCIS, 
OI, and RI. (4) Receiver operator characteristic (ROC) 
curves were plotted to clarify the predictive value of 
NLR, PLR, RDW, and MPV levels for neonatal pulmonary 
infection.
Statistical analysis: SPSS26.0 statistical software was 
used for data analysis. Measurement data conforming to 
normal distribution were expressed as mean ± standard 
deviation ( s±x ). One-way analysis of variance was used 
to compare measurement data among multiple groups. 
The SNK-q test was used for pairwise comparisons 
between groups. Pearson correlation analysis was used 
to analyze the correlation between variables. ROC curves 
were plotted to analyze the predictive value of NLR, PLR, 
RDW, and MPV levels in neonatal pulmonary infection. 
The difference was statistically significant at P < 0.05.
The calculation formula for the sample size is:

,	 where n1 and n2 are the content needed by two samples, 
S is the estimated value of two population standard 
deviations, and δ is the difference between two means,  
δ = μ1 - μ2.
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RESULTS

	 There were no statistically significant differences in the 
general data such as age, weight, and gender of newborns 
in each group (Table-I). The levels of NLR, PLR, and 
RDW of newborns in the severe group were higher than 
those in the moderate, mild, and control groups, and the 
level of MPV was lower than that in the moderate, mild, 
and control groups; the differences were statistically 
significant (P < 0.05). The levels of NLR, PLR, and RDW 
in the moderate and mild groups were higher than those 
in the control group, and the level of MPV was lower than 
that in the control group; the differences were statistically 
significant (P < 0.05) (Table-II). In the infected groups, the 
NCIS score and OI decreased significantly and the RI 
increased significantly (P < 0.05) as the disease condition 
worsened, as shown in Table-III.
	 Pearson correlation analysis showed that serum NLR, 
PLR, and RDW levels of newborns with pulmonary 
infections were significantly and positively correlated 
with NCIS and OI (P < 0.05), and negatively correlated 
with RI (P < 0.05); the serum MPV level was significantly 
and negatively correlated with NCIS and OI (P < 0.05), and 
positively correlated with RI (P < 0.05) (Table-IV).
	 The levels of NLR, PLR, RDW, and MPV of the 
newborns were included in the ROC curve analysis. The 
area under the ROC curve of NLR was 0.710 (95% CI: 
0.560-0.863, P < 0.05). The area under the ROC curve of 
PLR was 0.713 (95% CI: 0.493-0.930, P < 0.05). The area 
under the ROC curve of RDW was 0.714 (95% CI: 0.562-
0.864, P < 0.05). The area under the ROC curve of MPV 
was 0.725 (95% CI: 0.538-0.910, P < 0.05) (Fig.1).

DISCUSSION

	 In this study, four indicators, namely NLR, PLR, RDW 
and MPV, were used to evaluate and predict neonatal 
pulmonary infections. The results showed that the levels 
of NLR, PLR, and RDW in the infected groups were 
higher than those in the control group, and the level 
of MPV was lower than that in the control group. It 
indicated that the levels of NLR, PLR, RDW, and MPV 
might reflect the severity of pulmonary infection. The 
reason for this result is as follows. The inflammatory 
response in the blood vessels during pulmonary 
infection may lead to vascular dysfunction and hypoxia, 
resulting in atherosclerosis and airflow obstruction in 
the arteries, which causes various changes in the ratio 
of platelets to lymphocytes and also increases RDW. In 
addition, because infection and hypoxia cause damage 
to pulmonary vascular endothelial cells and exposure of 
subendothelial collagen, platelets are activated, leading 
to changes in MPV. A study by Kurt RK et al. suggested 
that RDW was significantly higher in pregnant women 
with pre-eclampsia.13 They also found that RDW was 
associated with the severity of the disease. The results of 
the study by Cao et al. suggested that the MPV level in 
patients with acute exacerbations of chronic obstructive 
pulmonary disease (AECOPD) decreased as the patients’ 
disease worsened.14 Şahin et al. found that NLR, PLR, 
and RDW values, as inflammatory markers in patients 
with AECOPD, can be used to predict the deterioration 
of COPD and the severity of future exacerbations.15 The 
above research results all indicate that the indicators of 
NLR, PLR, RDW, and MPV have the ability to predict the 

Table-I: Comparison of general data between different groups of newborns.
Group n Embryonic age (week) Age in days (d) Gender (male/female) Body weight (g)

Severe group 30 30.52±53.57 15.32±2.14 (18/12) 1951.52±123.46
Moderate group 30 31.02±6.06 16.03±3.51 (17/13) 1980.76±150.05

Mild group 30 30.48±53.62 15.57±2.36 (16/14) 1974.48±131.57
Control group 50 30.58±52.71 15.93±2.41 (27/23) 1954.29±125.38

F 0.984 1.628 0.169 1.514
P > 0.05 > 0.05 >  0.05 > 0.05

Table-II: Comparison of serum NLR, PLR, RDW, and MPV levels in newborns in different groups ( s±x ).
Group n NLR PLR RDW (%) MPV

Severe group 30 11.63±5.70abc 261.30±155.65abc 16.58±3.53abc 9.06±1.05abc

Moderate group 30 7.46±3.28ab 213.72±86.47ab 15.46±2.79ab 9.31±0.98ab

Mild group 30 3.04±0.89a 162.38±57.52a 14.50±2.63a 9.52±0.76a

Control group 50 1.85±0.88 120.83±50.72 13.08±0.47 9.84±0.85
F 13.115 12.472 13.761 9.178
P < 0.05 < 0.05 < 0.05 < 0.05

Note: a: compared with the control group, P < 0.05; b: compared with the mild group,  
P < 0.05; c: compared with the moderate group, P < 0.05.
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severity of the disease, which is similar to the results of 
this study. However, the research subjects of the above 
studies are not targeted at newborns with pulmonary 
infections. The predictive value of NLR, PLR, RDW, and 
MPV in neonatal pulmonary infections has been rarely 
reported in existing Chinese and foreign studies.16-19 The 
results of this study show that these indicators can also 
indicate the severity of neonatal pulmonary infections, 
providing effective evidence for clinicians to formulate 
treatment plans for children.
	 In addition, this study was the first to analyze the 
correlation between NLR, PLR, RDW, and MPV values 
and NCIS, OI, and RI. OI is a common clinical indicator 
of oxygenation in children with infectious pneumonia; 
a lower OI indicates severer hypoxia and lung injury.20 

RI is not affected by the mode of oxygen delivery and 
volume fraction, so it is more accurate in assessing the 
actual oxygen and status, and is a common indicator for 
clinical assessment of pulmonary ventilation and gas 
exchange.21 The results of this study showed that serum 
NLR, PLR, and RDW levels in newborns with pulmonary 
infections were significantly and positively correlated 
with NCIS and OI (P < 0.05) and significantly and 
negatively correlated with RI (P < 0.05); the serum MPV 
level was significantly and negatively correlated with 
NCIS and OI (P < 0.05) and significantly and positively 
correlated with RI (P < 0.05). It further demonstrated that 
NLR, PLR, RDW, and MPV levels can accurately assess 
the severity of pulmonary infections in newborns, this 
is also the innovation of this study, which can provide 
new ideas and references for the clinical diagnosis and 
treatment of children with pulmonary infection.
Limitations: It is a single-center study with a single 
source of samples and a relatively small sample size. 
It is unable to rule out the influences of aspects such 
as region, environment, and race, resulting in certain 
limitations in the epidemiological characteristics. The 
results of this study may be subject to errors due to 
the relatively small sample size and some limitations 
associated with retrospective studies. 

CONCLUSION

	 The levels of NLR, PLR, RDW, and MPV can accurately 
reflect the severity of neonatal pulmonary infection 
and have high predictive value. The detection of these 
four indicators can provide a reference for clinicians to 
accurately assess the condition of newborns and develop 
the best subsequent treatment plan, which is worthy of 
clinical promotion and application.

Table-III: Comparison of pulmonary function indicators and  
NCIS in newborns with different levels of infection ( s±x ).

Group n NCIS OI (mm Hg) RI
Severe group 30 62.44±2.93bc 187.57±8.48bc 2.36±0.32bc

Moderate group 30 80.72±2.94b 226.39±8.50b 2.12±0.35b

Mild group 30 93.27±2.96 268.36±8.52 1.87±0.33
F 14.325 17.937 12.912
P < 0.001 < 0.001 < 0.001

Note: b: compared with the mild group, P < 0.05; c: compared with the moderate group, P < 0.05.

Table-IV: Correlation analysis of NLR, PLR, RDW and MPV levels with NCIS, OI and RI.

Indicator
NCIS OI RI

r value P value r value P value r value P value
NLR 0.843 0.001 0.674 0.006 -0.852 0.001
PLR 0.769 0.002 0.832 0.001 -0.857 0.001

RDW 0.784 0.001 0.688 0.004 -0.754 0.002
MPV -0.825 0.001 -0.734 0.002 0.863 0.001

Fig.1: Curves of NLR, PLR, RDW, and MPV for the 
diagnosis of pulmonary infections.
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Recommendations: In future research, attention will 
be paid to expanding the sample size and designing 
experimental methods to minimize research errors as 
much as possible.
Conflict of interest: None.
Source of funding: None.

REFERENCES
1.	 Rasul CH, Hassan MA, Habibullah M. Neonatal sepsis and use of 

antibiotic in a tertiary care hospital. Pak J Med Sci. 2007;23(1):78-81. 
doi: 10.1111/j.1526-4637.2006.00268.x

2.	 Yu MM, Cui KJ, Shao CR. Study of serum sTREM-1, 25(OH)D3 and 
MMP-9 levels in neonatal infectious pneumonia and the type of 
infection and degree of disease. Pract Prev Med. 2021;28(01):93-96. 
doi: 10.3969/j.issn.1006-3110.2021.01.025

3.	 Bancalari E. Antenatal infections and respiratory outcome in pre-
term infants. Am J Perinatol. 2020;37(S02):S39-S41. doi: 10.1055/s-
0040-1714347

4.	 Dargent A, Chatelain E, Kreitmann L, Quenot JP, Argaud L. Lung 
ultrasound score to monitor COVID-19 pneumonia progression in 
patients with ARDS. PLoS One. 2020;15(7):e0236312. doi: 10.1371/
journal.pone.0236312

5.	 Zhang Y, Liu JY, Ma CX, Xiang Y, Tan ZX, Zhao H. Correlation 
analysis of BMI, NLR, PLR and reticulocyte series indexes with 
the condition of obese patients with OSAHS. J Clin Pulmon Med. 
2021;26(01):30-35. doi: 10.3969/j.issn.1009-6663.2021.01.007

6.	 Cengiz H, Varim C, Demirci T, Cetin S. Hemogram parameters in 
the patients with subacute thyroiditis. Pak J Med Sci. 2020;36(2):240-
245. doi: 10.12669/pjms.36.2.1063

7.	 Gao JK, Wan YF. Correlation Analysis Between the Severity of Ill-
ness and Hematological Indexes in Patients with Obstructive Sleep 
Apnea Hypopnea Syndrome. Med Inform. 2021;34(04):84-87+91. 
doi: 10.3969/j.issn.1006-1959.2021.04.022

8.	 Fujimoto Y, Ozawa H, Higuchi T, Miyagawa Y, Bun A, Imamura M, 
et al. Improved prognosis of low baseline neutrophil‑to‑lymphocyte 
ratio is significantly exclusive in breast cancer patients with high 
absolute counts of lymphocytes. Mol Clin Oncol. 2019;10(2):275-284. 
doi: 10.3892/mco.2018.1783

9.	 Koseoglu HI, Altunkas F, Kanbay A, Doruk S, Etikan I, Demir O. 
Platelet–lymphocyte ratio is an independent predictor for cardio-
vascular disease in obstructive sleep apnea syndrome. J Thromb 
Thrombolysis. 2015;39(2):179-185. doi: 10.1007/s11239-014-1103-4

10.	 Cakal B, Akoz AG, Ustundag Y, Yalinkilic M, Ulker A, Ankarali H. 
Red cell distribution width for assessment of activity of inflamma-
tory bowel disease. Dig dis Sci. 2009;54(4):842-847. doi: 10.1007/
s10620-008-0436-2

11.	 Jin B. Changes in mean platelet volume during acute exacerba-
tions of chronic obstructive pulmonary disease. Chin J Gerontol. 
2015;(24):3. doi: 10.3969/j.issn.1005-9202.2015.24.062

12.	 Wang F, Hu FH, Song GW, Ren XX. Evaluation of the clinical appli-
cation of simplified neonatal critical illness score. Chin J Emerg Med. 
2011;20(5):469-472. doi: 10.3760/cma.j.issn.1671-0282.2011.05.006

13.	 Kurt RK, Aras Z, Silfeler DB, Kunt C, Taskin MI, Kosar O. Relation-
ship of red cell distribution width with the presence and severity of 
preeclampsia. Clin Appl Thromb Hemost. 2015;21(2):128-131. doi: 
10.1177/1076029613490827

14.	 Cao L, Zhao JQ, Qian HH, Ma LF, Hou HJ, Liu JH, et al. Diagnos-
tic value of venous blood mean platelet volume in patients recov-
ering from acute exacerbation of chronic obstructive pulmonary 
disease. Shandong Med J. 2018;58(17):3. doi: 10.3969/j.issn.1002-
266X.2018.17.023

15.	 Şahin F,  Koşar AF, Aslan AF, Yiğitbaş B, Uslu B. Serum biomark-
ers in patients with stable and acute exacerbation of chronic ob-
structive pulmonary disease: a comparative study. J Med Biochem. 
2019;38(4):503-511. doi: 10.2478/jomb-2018-0050

16.	 Gasparyan AY, Ayvazyan L, Mukanova U, Yessirkepov M, Kitas  
GD. The platelet-to-lymphocyte ratio as an inflammatory marker in 
rheumatic diseases. Ann Lab Med. 2019;39(4):345-357. doi: 10.3343/
alm.2019.39.4.345

17.	 Tartar AS, Balin SO. Geriatric urinary tract infections: The value of 
laboratory parameters in estimating the need for bacteremia and In-
tensive Care Unit. Pak J Med Sci. 2019;35(1):215-219. doi: 10.12669/
pjms.35.1.97

18.	 Fu GQ, Du YH, Wang XZ, Xia JY. Comparison of clinical values of 
high-sensitivity C-reactive protein and calcitonin in diagnosis of 
neonatal pulmonary infection. Chin J Woman Child Health Res. 
2017;28(2):3. doi: 10.3969/j.issn.1673-5293.2017.02.032

19.	 Peng Y, Zhang Z, Bai M, Pan CL, Tang YN, Cai WT, et al. Clinical 
outcome prediction from mean platelet volume and platelet aggre-
gation in patients with acute coronary syndrome. Chin J Intervent 
Cardiol. 2015;(2):5. doi: 10.3969/j.issn.1004-8812.2015.02.003

20.	 Chen YH. Analysis of the effect of combined inhaled NO and high-
frequency oscillatory ventilation on PaO2PaCO2 and OI indices 
in neonates with persistent pulmonary hypertension. Hebei Med. 
2016;22(4):3. doi: 10.3969/j.issn.1006-6233.2016.04.010

21.	 Zhang HF, Zhang XP, Du YQ. The value of dynamic monitoring of 
respiratory index and oxygenation index in the treatment of patients 
with acute exacerbation of chronic obstructive pulmonary disease. 
Pract J Cardiac Cerebral Pneumal Vasc Dis. 2015;23(12):144-145. 

Authors’ Contribution:
JD: Study design, data collection and analysis.
JD & QLS: Manuscript preparation, drafting and revising.
JD & QLS: Review and final approval of manuscript.
All authors have read and approved the final version 
of the manuscript and they are also accountable for the 
integrity of the study.

Pak J Med Sci     December  2025    Vol. 41   No. 12      www.pjms.org.pk     3455


	_Hlk195347748
	_Hlk210914247
	_GoBack
	_Hlk189832571
	_Hlk212642854
	_Hlk212642818
	_Hlk212923076
	_Hlk212922740
	_Hlk213012744
	_Hlk189832667
	_Hlk189832706
	_Hlk212922808
	_Hlk212919543
	_Hlk212919573
	_Hlk212925548
	_Hlk193235388
	_Hlk212929324
	_Hlk184903128

