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ABSTRACT

COVID-19 is a disease caused by the Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2) and leads to 

various clinical manifestations. This condition can cause inflammation and cardiovascular disease that can result in 

increased Neutrophil-to-Monocyte Ratio (NMR), C-Reactive Protein (CRP), and D-dimer. The correlation between variables 

needs further investigation that can be a reference. This study aimed to analyze the correlation between NMR and CRP also 

NMR and D-dimer in COVID-19 patients with moderate dan severe illness. The research was an observational analytical 

study with a cross-sectional design on 40 subjects.  Data were secondary data from COVID-19 patient's medical records in 

RSND Semarang. This study was carried out from April to September 2021. Correlation analysis using the Spearman Rank 

test with p<0.05 was considered significant. The Mean of NMR, CRP, and D-dimer was 16.69±10.65, 113.94±70.42 mg/L, and 

1.72±2.35 mg/L, respectively. There was a weak positive correlation between NMR and CRP (p=0.023 and r=0.358) and there 

was no correlation between NMR and D-dimer (p=0.638 and r=0.077). It was expected that this knowledge about the 

correlation between NMR and CRP and D-dimer can help healthcare providers in planning therapy and preventing 

complications that may occur due to CRP and D-dimer increase.
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INTRODUCTION

symptoms of fever, shortness of breath, and cough 

with an unknown cause in December 2019. 2019 

novel Coronavirus (2019-nCov) labeled from samples 

taken from the lower respiratory tract indicated the 
1presence of the novel Coronavirus.  The rapid spread 

of the virus made WHO declare COVID-19 as a 
th 2pandemic on March 11 , 2020.  Positive confirmation 

cases in Indonesia increased day by day. Until 
thFebruary 19 , 2021, there were 1.263.299 cases with a 

3Case Fatality Rate (CFR) of 2.7%.

Standard laboratory tests performed on COVID-19 

patients include C-Reactive Protein (CRP), D-dimer, 
4and leukocyte count.  The number of neutrophils 

divided by the number of monocytes determines 

Neutrophil-to-Monocyte Ratio (NMR). The NMR 

value in COVID-19 patients of more than 17.75 at 

admission to the hospital had a higher severity and 

mortality rate as conducted in a study in Mexico. The 

study also stated that NMR was more specific and 

sensitive than Lymphocyte-to-Neutrophil Ratio 
5(LNR).  

China reported a case of pneumonia with 

Neutrophils are the most common leukocytes in 

the blood that appear as an early response to 

infection. COVID-19 patients with high neutrophils 
6indicate a poor prognosis.  Monocytes are innate 

immune cells that play a role in the inflammatory 

response, phagocytosis, and antigen presentation. 

Previous research found an increasing number of 

monocytes in patients with mild COVID-19 and a 

decrease in the number of monocytes in patients 
7with severe COVID-19.

C-reactive protein is an acute-phase protein 

formed by liver hepatocytes due to an inflammatory 
8or infectious process to minimize tissue damage.  

The SARS-CoV-2 virus that infects the body will 

cause the release of proinflammatory cytokines, such 

as IL-6 and TNF-α, which induce the secretion of CRP 
9by hepatocytes.  The normal CRP value in the blood 

10is less than 10 mg/L.  Patients with severe 
11pneumonia symptoms will have a high CRP value.  

D-dimer is a degradation product of fibrin 

breakdown in the fibrinolytic system. Elevated levels 

of D-dimer are associated with hypercoagulation 

and increased fibrinolytic activity. Elevated D-dimer 

levels are found in patients with confirmed cases of 
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12,13COVID-19.

This study aimed to analyze the correlation 

between NMR with CRP and D-dimer in COVID-19 

patients. It was expected that this study can be used 

as a reference and expand the knowledge about the 

correlation between NMR with CRP and D-dimer to 

assist health care providers in planning therapy and 

preventing complications, which may occur due to 

increased CRP and D-dimer levels.

METHOD

This study was carried out from April to 

September 2021, at the medical record installation 

unit of the Diponegoro National Hospital Semarang. 

The researcher used an analytic observational study 

with a cross-sectional approach. The inclusion 

criteria were patients aged 19-60 years old who were 

confirmed positive for COVID-19 based on a positive 

PCR test of a nasopharyngeal and oropharyngeal 

swab. The patients were in moderate and severe 

illness on the first day of admission. The exclusion 

criteria were pregnant patients, patients undergoing 

radiation or chemotherapy, and patients with a 

history of liver disease, kidney disease, stroke, and 

history of anticoagulant therapy. 

The data were analyzed statistically using the 

computer program. A descriptive test was carried out 

on each data, followed by a normality test using the 

Shapiro-Wilk and a correlation test using the 

Spearman rank test. Ethical clearance was obtained 

from the Ethical Committee or Komisi Etik Penelitian 

Kesehatan (KEPK) of the Faculty of Medicine, 

Diponegoro Univers i ty  No.207/EC/KEPK/              

FK-UNDIP/VI/2021. 

RESULTS AND DISCUSSIONS

Table 1 shows the characteristics of research 

subjects, including age, gender, hemoglobin level, 

leukocyte count, platelet count, NMR, CRP, D-dimer, 

and comorbidities.

The mean value of NMR was (14.97±10.18) with 

the lowest value of 3.53 and the highest value of 47. 

The elevated NMR was in accordance with a study 

conducted by Téllez et al., which found that    

COVID-19 patients experienced an increase in NMR 
14with moderate to severe hospitalized symptoms.  

Therefore, to get more intensive care, they could be 

considered. Fei et al. also found an increase in NMR 

Table 1. Characteristics of research subjects 

Variables  F % Mean±SD Median (min-max)  

Age (year)   47.50±9.32 48.5 (22-60) 

Gender 

   Male 

   Female 

 

34 

16 

 

68 

32 

  

Systole (mmHg)        141.32±20.8   139.5 (106-219) 

Diastole (mmHg)        88.34±12.72    88.5 (63-133) 

Heart rate (/minute)        96±17.10    95(36-130) 

Respiratory rate        25.42±4.34    25(18-36) 

Hb (gr/dL)   13.83±1.75 13.95 (9.7-18.30) 

Leukocyte count (10
3
/uL)   7.68±5.17 6.39 (2.69-31.61) 

          < 4 10
3
uL        7                       14   

          4-11 10
3
uL                 34           68   

          >11 10
3
uL                              9           18   

Platelet count (10
3
/uL) 

     <150 10
3
uL              

     150-450 10
3
uL 

     >450 10
3
uL 

 

 

       9 

      38 

       3          

  

 

 18 

76 

6 

250.12±110.36 234.5 (120-658) 

NMR   14.97±10.18 11.47(3.53-47) 

CRP (mg/L)   97.24±71.80 91.3 (5-333.2) 

D-dimer (mg/L)   1.53±2.16 0.57 (0.11-10) 

Comorbidity     

    DM 19 38   

    hypertension 16          32   

 Description: F= frequency; %=proportion; SD=Standard Deviation
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in COVID-19 patients, especially those with severe 
15symptoms.  The mean value of CRP was 

(97.24±71.80) mg/L with the lowest CRP of 5 mg/L 

and the highest CRP of 333.2 mg/L. The result 

showed an increased CRP level in COVID-19 patients. 

C-reactive protein is an acute-phase protein 

synthesized by hepatocytes as a marker of 

inflammation.  A study by Ahnach et al. suggested 

that there was a significant relationship between CRP 
16and severity in COVID-19 patients.  Wang also 

expressed similar points in his research conducted in 
11China.  There was a positive correlation between 

CRP and lung lesions, which can predict the severity 

of COVID-19 patients and as a reference in giving the 

therapy.

 The mean value of D-dimer was (1.53±2.16) g/L 

with the lowest and the highest D-dimer of 0.11 mg/L 

and 10 mg/L, respectively. The results of the 

distribution of comorbidities showed that 19 (38%) 

subjects had DM, and 16 (32%) subjects had 

hypertension as the comorbid disease. According to 

a study conducted by Yao et al., an increased           

D-dimer was found in patients infected with      
17SARS-CoV-2.  Gungor et al. found that D-dimer 

levels were strongly correlated with severity and 
18mortality in COVID-19 patients.  

In their study, Xiaokang et al. proved several 

factors, which might cause an increase in D-dimer in 

COVID-19 patients, an infection, which causes the 

release of proinflammatory cytokines resulting in a 
19cytokine storm.  Cytokine storms can cause 

endothel ia l  dysfunction,  which leads to 

microvascular damage. Microvascular damage 

causes abnormalities in the coagulation system. 

Some patients also experience hypoxia and 

inflammation, which can lead to thrombosis or 

increased oxygen consumption. Oxygen demand 

tends to increase when there is an abnormality in 

hemodynamics that triggers thrombosis. In addition, 

severe infection or acute inflammation due to sepsis 

can activate the coagulation cascade that triggers 

thrombosis.

Table 2. Correlation between NMR with CRP and     

D-dimer

Variables CRP D-dimer 

P r p r 

NMR 0.000 0.490 0.200 0.185 

Description: p=significance value; r=correlation coefficient

Based on the Spearman Rank correlation test 

results in Table 2, there was a significant correlation 

between NMR and CRP with p=0.000 (p <0.05). This 

correlation was weak with r = 0.490. The direction of 

the correlation showed a positive correlation, which 

indicated a unidirectional relationship. The results 

showed no correlation between NMR and D-dimer 

with a significance value (p)=0.200 and a correlation 

coefficient (r) = 0.185. The results indicated no 

correlation because the p > 0.05. Figure 1 shows the 

graph of the correlation between NMR and CRP. A 

positive correlation indicated that increased NMR 

will lead to increased CRP. A weak positive 

correlation between NMR and CRP in COVID-19 

patients was also found in a study conducted by 

Mortaz et al., which found an important role of 

neutrophils during and after the occurrence of 

infection, tissue damage, and inflammation in the 
20body.  The SARS-CoV-2 virus causes inflammation 

and the release of proinflammatory cytokines, 

including IL-6, which is influenced by monocytes.   

IL-6 is synthesized in the early phase of 

inflammation. Activation and secretion of IL-6 will 

induce acute-phase proteins, one of which is CRP, 

secreted by hepatocytes. The presence of infection 

and inflammation will be accompanied by an 

increase in the flow of neutrophils from peripheral 

blood vessels to the site of inflammation, causing an 

increased production of TNF-α, which will induce 

CRP production.

r = 0.490

p = 0.000

n = 50

Figure 1. The graph of the correlation between NMR 

and CRP with the Spearman Rank 

correlation test

A study conducted by Qin et al. revealed a 

decrease in the number of monocytes in patients 

with severe COVID-19 due to challenges in the 

proliferation process. Monocytes also play a role in 

inducing CRP production; monocytes affect the 

release of IL-6 and TNF-α that play a role in the 
7,21production of CRP.

The history of DM and hypertension in research 

subjects influenced the study results by several 

factors. Kalma showed that inflammatory response 

Correlation between Neutrophil to Monocyte Ratio Arondaya - , et al.
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and vascular abnormalities caused the increase in 
22CRP levels in type 2 DM patients.  The abnormalities 

occurred due to low-grade chronic inflammation of 

the endothelium due to complications from DM 

inflammatory response and vascular abnormalities. 

In their study, Pan et al. suggested that COVID-19 

patients with hypertension had higher CRP and      

D-dimer levels than COVID-19 patients without 

hypertension. Immune system disorder can cause an 
23increase in CRP.  COVID-19 patients with 

comorbidities of hypertension had a higher mortality 

rate with a poor prognosis and an increased risk of 

complications.

r = 0.185

p = 0.200

n = 50

Figure 2. The graph of the correlation between NMR 

and D-dimer with Spearman Rank 

correlation test

Figure 2 shows the correlation graph between 

NMR and D-dimer. The inflammatory response that 

occurs in monocytes influences the production of 

thrombin, which plays a role in fibrinolysis. The 

thrombin will activate neutrophils to form 

Neutrophil Extracellular Traps (NETs), which activate 

the intrinsic pathway. An increase in the coagulation 

cascade and fibrinolysis will cause an increase in     
24,25D-dimer.  However, when neutrophils and 

monocytes were combined in this study, there was 

no significant correlation between NMR and           

D-dimer. The study results were also influenced by 

the history of hypertension of the subject. 

CONCLUSIONS AND SUGGESTIONS

The study concluded that there was a weak 

positive correlation between NMR and CRP levels, 

and there was no correlation between NMR and     

D-dimer levels. Further research was needed on 

COVID-19 patients, considering several factors such 

as the length of suffering, the severity of COVID-19 

patients, and the patient's comorbidities, such as 

type 2 DM and hypertension.

REFERENCES

1. Ramanathan K, Antognini D, Combes A, Paden M, 

Zakhary B, et al. Clinical features of patients infected 

with 2019 novel Coronavirus in Wuhan, China. Lancet, 

2020; 395: 497-506.

2. Mona N. Konsep isolasi dalam jaringan sosial untuk 

meminimalisasi efek contagious (kasus penyebaran 

virus Corona di Indonesia). J Sos Hum Terap, 2020; 2: 

117-25. 

3. https://covid19.kemkes.go.id/. htm (accessed Mar 11, 

2021). 

4. Burhan E, Susanto AD, Nasution SA, Ginanjar E, Pitoyo 

CW, et al. Pedoman tatalaksana COVID-19. Jakarta, 

Perhimpunan Dokter Paru Indonesia, Perhimpunan 

Dokter Spesialis Kardiovaskular Indonesia, 

Perhimpunan Dokter Spesialis Penyakit Dalam 

Indonesia, Perhimpunan Dokter Anestesiologi dan 

Terapi Intensif Indonesia, Ikatan Dokter Anak 

Indonesia. 2020; 103-105. 

5. Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. 

Biomarkers associated with COVID-19 disease 

progression. Crit Rev Clin Lab Sci, 2020; 0: 1-11.

6. Lima DA, França JS De, Sales-neto M De,      

Rodrigues-mascarenhas S. Neutrophils and COVID-19 

the road so far. Int Immunopharmacol. Int 

Immunopharmacol, 2021; 90: 107233.

7. Qin S, Jiang Y, Wei X, Liu X, Guan J, et al. Dynamic 

changes in monocytes subsets in COVID-19 patients. 

Hum Immunol, 2021; 82(3): 170-6.

8. Safitri M, Suromo, LB. Correlation between C-reactive 

protein level and blood urea nitrogen-creatinine ratio 

in COVID-19 patient. IJCPML, 2021; 28(1): 10-13.

9. Sproston NR, Ashworth JJ. Role of C-reactive protein at 

sites of inflammation and infection. Front Immunol, 

2018; 9: 1-11.

10. Goldberg I, Shalmon D, Shteinvil R, Berliner S, Paran Y, 

et al. A second C-Reactive Protein (CRP) test to detect 

inflammatory burst in patients with acute bacterial 

infections presenting with a first relatively low CRP. 

Medicine, 2020; 99(42): e22551.

11. Wang L. C-reactive protein levels in the early stage of 

COVID-19. Med Mal Infect, 2020; 50(4): 332-4.

12. Soni M, Gopalakrishnan R, Vaishya R, Prabu P. D-dimer 

level is a useful predictor for mortality in patients with 

COVID-19: Analysis of 483 cases. Diabetes Metab 

Syndr Clin Res Rev, 2020; 14: 2245-9. 

13. Mubarak, RA, Esa T, Widaningsih Y, Bahrun U. D-dimer 

analysis in COVID-19 patients. IJCPML, 2021; 28(1):    

5-9.

14. Rizo-t SA, Lucia AM, Flores-rebollo C. The neutrophil-

to-monocyte ratio and lymphocyte-to-neutrophil 

ratio at admission predict in-hospital mortality in 

mexican patients with severe SARS-CoV-2 infection 

(COVID-19). Microorganisms, 2020; 8: 1560. 

15. Lei  S ,  Yu B.  Neutrophi l  percentage and         

neutrophil-to-monocyte ratio as independent risk 

factors in the severity of COVID-19. Europa PMC, 2020; 

1: 1-14. 

Correlation between Neutrophil to Monocyte Ratio Arondaya - , et al.



PAGE 127

 

  

Indonesian Journal of Clinical Pathology and Medical Laboratory, 2023 March, 29 (2) : 123 - 127

16. Ahnach M, Zbiri S, Nejjari S, Ousti F, Elkettani C.          

C-reactive protein as an early predictor of COVID-19 

severity. J Med Biochem, 2020; 39(4): 500-7.

17. Yao Y, Cao J, Wang Q, Shi Q, Liu K, et al. D-dimer as a 

biomarker for disease severity and mortality in 

COVID-19 patients: A case control study. J Intensive 

Care, 2020; 8(1): 1-11. 

18. Gungor B, Atici A, Baycan OF, Alici G, Ozturk F, et al. 

Elevated D-dimer levels on admission are associated 

with severity and increased risk of mortality in   

COVID-19: A systematic review and meta-analysis. Am 

J Emerg Med, 2021; 39: 173-9. 

19. He X, Yao F, Chen J, Wang Y, Fang X, et al. The poor 

prognosis and influencing factors of high D-dimer 

levels for COVID-19 patients. Sci Rep, 2021; 11(1): 1-7.

20. Mortaz E, Alipoor SD, Adcock IM, Mumby S, 

Koenderman L. Update on neutrophil function in 

severe inflammation. Front Immunol, 2018; 9: 1-14. 

21. Vatansever HS, Becer E. Relationship between IL-6 and 

COVID-19: To be considered during treatment. Future 

Virol, 2020; 15(12): 817-22. 

22. Kalma K. Studi kadar C-Reactive Protein (CRP) Pada 

penderita diabetes melitus tipe 2. J Media Anal 

Kesehat, 2018; 9: 1.

23. Pan W, Zhang J, Wang M, Ye J, Xu Y, et al.            

Clinical features of COVID-19 in patients with  

essential hypertension and the impacts of                          

renin-angiotensin-aldosterone system inhibitors on 

the prognosis of COVID-19 patients. Hypertension, 

2020; 76: 732-41. 

24. Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in 

COVID-19. J Thromb Haemost, 2020; 18(9): 2103-9. 

25. Colling ME, Kanthi Y. COVID-19-associated 

coagulopathy: An exploration of mechanisms. Vasc 

Med, 2020; 25(5): 471-8.

Correlation between Neutrophil to Monocyte Ratio Arondaya - , et al.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

