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Abstract 
Introduction: Acute phase reactants (Procalcitonin, C-Reactive Protein) are important parameters in diagnosing and prognosticating sepsis. 

Despite availability of these, all the laboratories and hospitals are not equipped with the high end diagnostic capabilities in developing nations. 

Using alternative available markers in such conditions is preferable. We correlated the ratios from complete blood count with parameters 

procalcitonin and CRP.Material and Methods: This was a prospective study conducted in tertiary care hospital. All the patients admitted with 

diagnosis of sepsis who fulfilled the inclusion and exclusion criteria were included in this study. Venous sample were collected from all the 

patients. Complete blood count, procalcitonin and C reactive protein was done. Ratio of neutrophil to lymphocyte and monocyte  to lymphocyte 

was calculated and correlated.Results: A total of 102 patients were included in this study. 49 were males and 53 females with an average age of 

48.72 ± 11.21. The mean NLR was 14.09 ± 3.31 while mean MLR was 0.71 ± 0.15. Average procalcitonin was 25.38 ± 9.34 and the mean CRP 

was 142.97 ± 32.20. the correlation was checked using pearson’s coefficient. There was a strong correlation between NLR with procalcitonin and 

CRP which was statistically significant (<0.001). MLR had a strong to moderate correlation with both the parameters and was statistically 

significant.Conclusion: Calculating the ratio of blood parameters from the complete blood count is the easy and cheap way to diagnose the sepsis 

in hospitals where high end clinical investigations are not available. 
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Introduction 

Sepsis is a systemic immunologic reaction by the body to any 

infectious process which can progress to end stage organ dysfunction. 

It remains one of the major causes of morbidity and mortality in 

critically ill patients [1]. The most common site of infection from 

which sepsis originates is lung, followed by the abdomen, 

bloodstream, urinary tract [2, 3].  

Finding an appropriate biomarker of the immune response in sepsis, 

regardless of its cause is challenging. Many of these biomarkers have 

been studied in clinical setting with conflicting results. In this regard, 

complete blood count (CBC) has been investigated as a potential one 

with promising results. History of CBC dates back to 1852 and was 

first performed by Karl Vierordt [4, 5, 6, 7]. In patients with sepsis, 

conventional systemic inflammatory parameters include increased 

leucocytes (white blood cell count >12,000) or decreased leucocytes 

(WBC count <4,000). 

CRP is a routine biomarker for infection and inflammation [8] that 

binds the phospholipid components of microorganisms which in turn 

facilitates its easy removal by macrophages. It is commonly used to 

screen for early onset sepsis because of its high sensitivity [9, 10]. 
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Procalcitonin (PCT) is the precursor of mature calcitonin, a hormone 

which reduces plasma calcium levels. It is a part of the systemic 

response that leads to severe sepsis. It may be elevated in a number of 

disorders in the absence of infection, especially following trauma. The 

cut off values for PCT used to determine the sepsis risk appear to be 

higher in patients who are critically ill. PCT levels may vary early 

during the development of sepsis and the test’s predictive power is 

probably only significant later in the patient’s course. Therefore, PCT 

levels should be monitored over time [11, 12]. 

The Neutrophil lymphocyte ratio (NLR) is simply calculated as the 

ratio of absolute values of neutrophils to lymphocytes. Monocyte to 

lymphocyte ratio (MLR) is similarly the ratio of absolute values of 

monocytes to lymphocytes. The way by which NLR elevates, is an 

intricate interplay of endogenous cortisol and catecholamines [13]. In 

sepsis there is death of lymphocytes so it may lead to increase in NLR 

[14]. NLR is not only increased in inflammation but it may get 

elevated in response to any physiologic stress. Therefore, it may help 

in differentiating severe illness from milder illness. Since NLR rises 

rapidly following acute stress, making NLR a preferable parameter of 

choice for acute illness as other parameters of the complete blood 

count, which take more time to increase. Steroids from outside can 

increase the NLR and on the other hand adrenal insufficiency may 

decrease it. For diagnosing severe sepsis or septic shock in patients, 

NLR was found to be a superior parameter when compared to C 

Reactive Protein and almost identical to procalcitonin [15]. Similar to 

NLR, Monocyte Lymphocyte Ratio (MLR) can be used to predict the 

course of many diseases leading to septicemia [16, 17, 18]. MLR had 

been studied in the past for its prognostic value in sepsis patients. It is 
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a good long term morbidity and mortality indicator in sepsis patients. 

MLR is useful in particularly diseases like Respiratory distress 

syndrome, tuberculosis, klebsiella pneumonia and other respiratory 

diseases leading to sepsis. The higher value in these patients was 

related to higher level of mortality as well as long term disability. 

Our prospective observational study had been undertaken to assess the 

correlation of NLR and MLR ratio with acute phase reactants among 

patients of Septicemia as these markers were inexpensive and easy to 

perform as compared to CRP and procalcitonin. 

 

Materials and Methods 

The present study was a hospital based prospective observational 

study conducted in the Department of Pathology at a tertiary care 

hospital in north India from  October 2020 to August 2022. Patients of 

age above 18 years with the diagnosis of sepsis admitted to the 

hospital in patient department were included. Patients with malignant 

disease of any origin and any preexisting immunodeficiency were 

excluded. After obtaining the patient consent, detailed history was 

taken and samples were collected for sepsis biomarkers which 

included complete hemogram, procalcitonin, CRP and blood cultures 

In all included patients, venous blood samples were taken into 

Vacutainer K3 EDTA tubes. A complete blood count was determined 

by the Yumizen 2500/Penta XLR haematology. Procalcitonin and C 

reactive protein were done using fluorescent immunoassay. All the 

data was collected and NLR, MLR were calculated on day 1, 3 and 5. 

 

Statistical Analysis 

Data were analyzed by SPSS (Statistical Package for the social 

service) software version 23. A p-value of less than 0.05 was 

considered statistically significant. All outcome variables were tested 

for normality. Parametric tests (Repeated Measures ANOVA) were 

used to make statistical inference as data were normally distributed. 

Parametric tests (Pearson's Correlation) were used to explore the 

correlation between the two variables as all were normally distributed. 

 

Results 

A total of 102 patients were included in this study after due 

consideration of inclusion and exclusion criteria. Out of 102, 49 were 

males and 53 were females. The mean Age (Years) was 48.72 ± 11.21 

(Table 1).  

 

Table 1: Demographic Details of patients 

Basic Details Mean ± SD 

Age (Years) 48.72 ± 11.21 

Gender 
Male - 49 

Female - 53 

 

The mean Total Leucocyte Count (Cells/mm³) on Day 1 was 23.58 ± 

2.73, on Day 3 was 18.00 ± 2.88 and on Day 5 was 11.74 ± 1.37. The 

mean Total Leucocyte Count (Cells/mm³) decreased from a maximum 

of 23.58 at the Day 1 to a minimum of 11.74 at the Day 5. This 

change was statistically significant (Repeated Measures ANOVA: F = 

126.5, p = <0.001). The mean NLR decreased from a maximum of 

14.09 at the Day 1 to a minimum of 8.11 at the Day 5. This change 

was statistically significant (Repeated Measures ANOVA: F = 61.3, p 

= <0.001). The mean MLR decreased from a maximum of 0.71 at the 

Day 1 to a minimum of 0.55 at the Day 5. This change was 

statistically significant (Repeated Measures ANOVA: F = 9.0, p = 

<0.001) (Table 2).  

 

Table 2: Blood Parameters on Day 1, 3 and 5 

Parameter Day 1 Day 3 Day 5 P Value 

Total Leucocyte Count 23.58 ± 2.73 18.00 ± 2.88 11.74 ± 1.37 <0.001 

Neutrophil Lymphocyte ratio 14.09 ± 3.31 12.30 ± 2.74 8.11 ± 2.22 <0.0001 

Monocyte Lymphocyte ratio 0.71 ± 0.15 0.68 ± 0.14 0.55 ± 0.14 <0.0001 

 

The mean Procalcitonin (ng/mL) was 25.38 ± 9.34. The mean CRP 

(mg/dL) was 142.97 ± 32.20. 

There was a strong positive correlation between NLR (Day 1) and 

Procalcitonin, and this correlation was statistically significant (r = 

0.88, p = <0.001)(Fig 1). For every 1 unit increase in NLR (Day 1), 

the Procalcitonin (ng/mL) increases by 2.49 units (Table 3). There 

was a moderate positive correlation between NLR (Day 1) and CRP 

(mg/dL), and this correlation was statistically significant (r = 0.36, p = 

<0.001) (Fig 2). 

 

Table 3: Correlation between NLR, MLR with procalcitonin and CRP 

Correlation Pearson's Correlation Coefficient P Value 

NLR (Day 1) vs Procalcitonin (ng/mL) 0.9 <0.001 

MLR (Day 1) vs Procalcitonin (ng/mL) 0.5 <0.001 

NLR (Day 1) vs CRP (mg/dL) 0.4 <0.001 

MLR (Day 1) vs CRP (mg/dL) 0.3 0.006 

 

 
Figure 1: Correlation between NLR (Day 1) and Procalcitonin 
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Figure 2: Correlation between MLR (Day 1) and Procalcitonin 

 

There was a moderate positive correlation between MLR (Day 1) and 

Procalcitonin (ng/mL), and this correlation was statistically 

significant (r = 0.53, p = <0.001) (Fig 3). There was a weak positive 

correlation between MLR (Day 1) and CRP (mg/dL), and this 

correlation was statistically significant (r = 0.27, p = 0.006) (Fig 4). 

 

 
Figure 3: Correlation between NLR (Day 1) and CRP 

 

 
Figure 4: Correlation between MLR (Day 1) and CRP 

 

Discussion 

Sepsis is one of the most challenging aspects of health care which 

poses a big burden on society in terms of morbidity and mortality [3]. 

Sepsis biomarkers play an important role in diagnosing and managing 

the disease course. They are helpful in measuring the severity of the 

pathological process along with its impact on patient health in the 

future. There are numerous biomarkers for sepsis which include 

various parameters like complete hemogram, Erythrocyte 

sedimentation rate. C reactive protein and procalcitonin [7]. Many 

ratios from hemogram parameters had been studied and utilized as 

biomarkers in sepsis. 

Neutrophil to Lymphocyte ratio, Monocyte to Lymphocyte ratio, 

Monocyte Distribution width, platelet to lymphocyte ratio, and others 

had been studied to find an easy and affordable alternative for the 
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setups which lack high end equipped laboratories. 

In this study, procalcitonin and CRP were tested on day 1 of 

admission, NLR and MLR were calculated on days 1, 3, and 5. 

Values of NLR and MLR were compared with procalcitonin and CRP 

for finding the correlation as biomarkers for sepsis assessment. NLR 

and Procalcitonin were strongly correlated with each other and was 

statistically significant (p <0.001). NLR was also compared with 

CRP. The Pearson’s coefficient was 0.4 which was statistically 

significant(p<0.05). however, the correlation value showed that it was 

moderately correlated as compared to procalcitonin. 

The results provide a useful insight into the relationship of NLR with 

procalcitonin and CRP. The degree of positive correlation that is more 

than 0.6 shows that it can very well be used as a prognostic marker for 

good clinical outcomes. Similar results were also concluded in 

different studies [19, 20, 21, 22, 23]. 

The value of MLR on day 1 and procalcitonin was moderately 

correlated but were statistically significant. Pearson’s Correlation 

coefficient was 0.5 which was statistically significant. Tian et al [24] 

stated a specificity of 87% for MLR in predicting the severity in 

sepsis patients compared to gold standard biomarkers but was not 

highly sensitive in predicting the outcome. Yang et al [25] used MLR 

ratio in predicting the mortality rate in respiratory distress syndrome 

patients with sepsis. The study concluded that the high MLR was 

associated with poor outcomes in sepsis patients (p<0.001). Huang et 

al [26] also reported high diagnostic performance of MLR in 

predicting sepsis when compared between two groups of community 

acquired pneumonia.  

MLR was also correlated with CRP using Pearson’s correlation 

method. Value was 0.3 on Day 1 which suggests a low correlation of 

MLR with CRP.  

 

Conclusion 

Sepsis Biomarkers play an important role in the diagnosis and 

prognosis of patients. 

All the laboratories are not well equipped with high end analyzers for 

parameters like procalcitonin and CRP. The role of CBC parameters 

and leucocyte ratios are extremely helpful in areas where 

procalcitonin and CRP can not be done. NLR and MLR both were 

positively correlated with procalcitonin and CRP. However, NLR 

presented a very strong correlation and can be used as a substitute for 

procalcitonin in places where it is not available and is better 

correlated than MLR. Using both parameters together will increase 

the sensitivity of diagnosis and prognosis in such patients. 

 

References 

1. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. 

Mortality related to severe sepsis and septic shock among 

critically ill patients in Australia and New Zealand, 2000-2012. 

JAMA. 2014;311(13):1308–16.  

2. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, 

et al. International study of the prevalence and outcomes of 

infection in intensive care units. JAMA. 2009;302(21):2323-9. 

3. Karlsson S, Varpula M, Ruokonen E, Pettilä V, Parviainen I, 

Ala-Kokko TI et al. Incidence, treatment, and outcome of severe 

sepsis in ICU-treated adults in Finland: the Finnsepsis study. 

Intensive Care Med. 2007;33(3):435-43. 

4. Liu X, Shen Y, Wang H, Ge Q, Fei A, Pan S et al. Prognostic 

significance of neutrophil-to-lymphocyte ratio in patients with 

sepsis: a prospective observational study. Mediators of 

inflammation. 2016,2016.   

5. Naess A, Nilssen SS, Mo R, Eide GE, Sjursen H. Role of 

neutrophil to lymphocyte and monocyte to lymphocyte ratios in 

the diagnosis of bacterial infection in patients with fever. 

Infection. 2017;45(3):299-307.   

6. Zheng CF, Liu WY, Zeng FF, Zheng MH, Shi HY, Zho Pan JY 

et al. Prognostic value of platelet-to-lymphocyte ratios among 

critically ill patients with acute kidney injury. Critical Care. 

2017;21(1):238. 

7. Oh GH, Chung SP, Park YS, Hong JH, Lee HS, Chung HS et al. 

Mean Platelet Volume to Platelet Count Ratio as a Promising 

Predictor of Early Mortality in Severe Sepsis. Shock. 

2017;47(3):323-30. 

8. Gabay C, Kushner I. Acute Phase Proteins and other systemic 

responses to inflammation . N Eng J Med. 1999;340:448-54 

9. Jaye DL, Waites KB. Clinical applications of c-reactive protein 

in pediatrics. Ped Infect Dis. 1997;16:735-8 

10. Hofer N, Zacharis E, Muller W, Resch B. An update on the use 

of C-reactive  protein in early-onset neonatal sepsis: current 

insights and new tasks. Neonatology. 2012;102:24-36. 

11. Clec’h C, Fosse JP, Karoubi P. Differential diagnostic value of 

procalcitonin in surgical and medical patients with septic shock. 

Crit Care Med. 2006;34:102-7.  

12. Brunkhorst FM, Al-Nawas B, Krummenauer F. Procalcitonin, c-

reactive protein and APACHE II score for risk evaluation in 

patients with severe pneumonia. Clin Microbiol Infect. 

2002;8:93-100. 

13. Benschop RJ, Rodriguez-Feuerhahn M, Schedlowski M. 

Catecholamine-induced leukocytosis: early observations, current 

research, and future directions. Brain Behav Immun. 

1996;10:77-91.  

14. Onsrud M, Thorsby E. Influence of in vivo hydrocortisone on 

some human blood lymphocyte subpopulations. Effect on 

natural killer cell activity. Scand J Immunol. 1981;13:573-9 

15. Zhang Y, Li J, Lou J. Upregulation of programmed death-1 on T 

cells and programmed death ligand-1 on monocytes in septic 

shock patients. Crit Care. 2011;15:R70. 

16. Piotrowski D, Boroń-Kaczmarska A. Bacterial infections and 

hepatic encephalopathy in liver cirrhosis–prophylaxis and 

treatment. Advances in medical sciences. 2017;62(2):345-56. 

17. Li KJ, Xia XF, Su M, Zhang H, Chen WH, Zou CL et al. 

Predictive value of lymphocyte-to-monocyte ratio (LMR) and 

neutrophil-to-lymphocyte ratio (NLR) in patients with 

oesophageal cancer undergoing concurrent chemoradiotherapy. 

BMC cancer. 2019;19(1):1004. 

18. Stefaniuk P, Szymczyk A, Podhorecka M. The Neutrophil to 

Lymphocyte and Lymphocyte to Monocyte Ratios as New 

Prognostic Factors in Hematological Malignancies–A Narrative 

Review. Cancer Management and Research. 2020;12:2961-77. 

19. Sinha H, Maitra S, Anand RK, Aggarwal R, Rewari V, 

Subramaniam R, Trikha A et al. Epidemiology and Prognostic 

Utility of Cellular Components of Hematological System in 

Sepsis. Indian J. Crit. Care Med. 2021;25:660-667. 

20. Gupta A, Gupta R. Study of hematological parameters in sepsis 

patients and its prognostic implications. 2019;7(3):828-32.  

21. Arif SK, Bau A, Rukka S, Wahyuni S. Comparison of 

Neutrophils-lymphocytes Ratio and Procalcitonin Parameters in 

Sepsis Patient Treated in Intensive Care Unit Dr. Wahidin 

Hospital, Makassar, Indonesia.  

22. Liu S, Li Y, She F, Zhao X, Yao Y. Predictive value of immune 

cell counts and neutrophil-to-lymphocyte ratio for 28-day 

mortality in patients with sepsis caused by intra-abdominal 

infection. Burns Trauma. 2021;9:tkaa040. 

23. Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and 

future perspectives. Bratisl Lek Listy. 2021;122(7):474-488. 

24. Tian T, Wei B, Wang J. Study of C-reactive protein, 

procalcitonin, and immunocyte ratios in 194 patients with 

sepsis. BMC Emerg Med. 2021;21(1):81. 

25. Yang L, Gao C, Li F, Yang L, Chen J, Guo S et al. Monocyte-

to-lymphocyte ratio is associated with 28-day mortality in 

patients with acute respiratory distress syndrome : a 

retrospective study. 2021;1-1 

26. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y et al. Clinical 

features of patients infected with 2019 novel coronavirus in 

Wuhan, China. Lancet. 2020;395(10223):497–506. 

Conflict of Interest: Nil  Source of support: Nil 

http://www.ijhcr.com/

	Introduction

