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ABSTRACT 

This was analytic observasional study with retrospective cohort design. Data collection was 

done in Dr Soetomo Hospital’s isolation rooms during July-December 2020 period. Serial NLR 

and procalcitonin were recorded first on hospital admission, on highest value of 

NLR/procalcitonin, and then on 24 hours before hospital discharge. Secondary infection was 

recorded from positive cultures during treatment. Severity was measured by SOFA score and 

WHO. Mortality data were recorded from medical record. Spearman test, Mann-Whitney test, 

and ROC curve analysis were used in statistical analysis. There were 119 patients included in 

this study. Mortality rate was 38,6%. Secondary infection rate was 21,8. There were significant 

correlations between NLR and severity (p<0,001). NLR cutoff value as severe-critical illness 

predictors was >6,82. There were significant NLR differences between mortality groups 

(p<0,001). NLR cutoff value as mortality predictors was >12,75. There were significant 

correlations between procalcitonin and severity (p<0,001). Procalcitonin cutoff value as 

severe-critical illness predictors was >0,145 ng/ml. There were significant procalcitonin 

differences between mortality groups (p<0,001). Procalcitonin cutoff values as mortality 

predictors were >0,285 ng/ml. There were significant NLR and procalcitonin difference in 

patients with secondary infection. NLR and procalcitonin are useful as severity and mortality 

predictors in COVID-19. 

Keywords : COVID-19, Mortality, NLR, procalcitonin, severity, SOFA Score 

 

 
INTRODUCTION 

Coronavirus disease 2019 (COVID-19) is an ongoing global pandemic which caused by Severe 

Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). It was first identified from an 

outbreak of pneumonia from previously unknown cause in the city of Wuhan, the capital of 

China's Hubei province on December 2019. The World Health Organization (WHO) declared 

a Public Health Emergency of International Concern on 30 January 2020 and a pandemic on 

11 March 2020. Globally, as of 23 December 2021, there have been 276 million confirmed 

cases, including 5.3 million deaths, reported to WHO (1). Approximately 20,3% of hospitalized 

patients required intensive care treatment because of ARDS, acute cardiac injury, acute kidney 

injury, and shock. In-hospital mortality rate was 13,9% (2). 
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Viral infection in respiratory system is associated with increased risk of bacterial infection. 

Approximately 40-50 million people died in influenza pandemic in 1918, mostly caused by 

secondary bacterial infection which is Streptococcus pneumoniae (3). During H1N1 outbreak 

in 2009, 30% of critical patients were diagnosed with bacterial pneumonia or bacteriemia 72 

hours after ICU admission (4). 

Neutrophil-lymphocyte ratio (NLR) is derived from calculation of absolute neutrophil count 

divided by absolute lymphocyte count. It is an inexpensive parameter and mostly available in 

every hospital. NLR will increase in inflammation process (5). 

Procalcitonin is precursor of calcitonin. Procalcitonin production and release markedly 

increase in bacterial infection, triggered by IL-1, TNF- and IL-6 (6). This study aims were 

to evaluate the role of NLR and procalcitonin in predicting secondary infection, severity, and 

mortality of COVID-19. 

 

 
METHODS 

This retrospective cohort study was conducted in July 2020 - December 2020 at 

COVID-19 Isolation Room Dr. Soetomo Hospital Surabaya. Ethical clearance was issued by 

Clinical Research Unit Dr. Soetomo Hospital Surabaya. The study population was COVID-19 

confirmed patients who were admitted to Isolation Room Dr. Soetomo Hospital Surabaya and 

met the inclusion and exclusion criteria. 

Inclusion criteria were adults (> 18 years old), COVID-19 confirmed with positive RT- 

PCR results from nasopharyngeal swab and gave informed consent. Exclusion criteria were 

history of cancer or chemotherapy, history of autoimmune disease or receiving 

immunosuppressant therapy, history of thyroid disease, pregnant women and in the puerperium 

period, history of trauma or in perioperative period, HIV patients. Drop-out criteria were any 

treatment refusal and lysis or incomplete blood samples. 

Sampling method was total sampling from medical records. Samples that met inclusion 

and exclusion criteria were recorded for identity, demography data, and clinical conditions.  

Serial NLR and procalcitonin were recorded first on hospital admission in Isolation Room 

(NLR/PCT 1), second on highest value of NLR/procalcitonin (NLR/PCT 2), and then on 24 

hours before hospital discharge (NLR/PCT 3). Secondary infection was recorded from positive 

blood, urine, or sputum cultures during treatment. Severity was measured by SOFA score (7) 

and WHO classification (8) – mild, moderate, severe, and critical. Mortality data were recorded 

among this groups. Later, the data will be processed with the SPSS Statistic Ver 25. 

Characteristics of research subjects presented in descriptive statistical analysis. The 

significance of differences between groups were analyzed using a comparative test according 

to the type of data (Chi Square, Fisher’s Exact, or Mann-Whitney test). Significant p value was 

< 0,05. Correlation between NLR or procalcitonin levels with SOFA score or severity groups 

were analyzed using Spearman test. NLR and procalcitonin levels difference between mortality 

or secondary infection groups were analyzed using Mann-Whitney test. Any parameters which 

had a significant difference was analyzed with ROC curve to get the cut off value. 
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RESULTS 

Characteristics of Research Subjects 

Total of 119 patients met inclusion and exclusion criteria of this study. Subjects 

characteristics based on severity at hospital admission were summarized in Table 1. Patients in 

critical group were mostly male (79,6%) and older. The most common comorbidities in our 

patients were diabetes and hypertension, with greater percentage in critical groups. Critical 

groups had higher mortality rate, SOFA score, ICU admission, mechanical ventilator 

requirements, and complications. 

Table 1. Subjects Characteristics Based on Severity At Hospital Admission 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Median (Q1-Q3); a Analysis using Kruskal-Wallis test; b Analysis using Chi-Square test 

Subjects characteristics based on mortality were summarized in Table 2. For non 

survivors, length of stay were 8(4-13) days while for survivors length of stay were 20 (13-25) 

days. Mortality was associated with higher SOFA score, ICU admission, mechanical ventilator 

requirements, and complications occurred during treatment. 

Characteristics Mild Moderate Severe Critical p 
 N=20 N=15 N=30 N=54  

Age (Years)* 42,5 (29,25- 52 (41-55) 54 (44,75- 53 (45-60) 0,022a 

 

Gender 
52)  61,25)   

0,015b 

Male 9 (45%) 10 (66,7%) 16 (53,3%) 43 (79,6%)  

Female 
BMI 

11 (55%) 5 (33,3%) 14 (46,7%) 11 (20,4%)  

0,412b 

< 25 12 (60%) 6 (40%) 11 (36,7%) 23 (42,6%)  

 25 

Comorbidities 

Diabetes 

8 (40%) 

 
4 (20%) 

9 (60%) 

 
5 (33,3%) 

19 (63,3%) 

 
14 (46,7%) 

31 (57,4%) 

 
20 (37%) 

 

0,288b 

Hypertension 4 (20%) 2 (13,3%) 12 (40%) 26 (48,1%) 0,028b 
Others 1 (5%) 1 (6,7%) 2 (6,6%) 12 (22,2%) 0,093b 

Symptoms 5 (3-7) 7 (5-10) 7 (5-9) 7 (5-10,5) 0,082a 

duration (days)      

* 
Length of stay 

 

13,5 (8,5- 
 

15 (11-24) 
 

17 (9,5-22) 
 

13,5 (6-24) 
 

0,831a 
(LOS) (days)* 22,5)     

SOFA score D- 0 (0-0) 1 (1-2) 3 (2-3) 5 (4-5,25) <0,001a 

0* 
Highest SOFA 

 

0 (0-1) 
 

2 (1-3) 
 

4 (3-5) 
 

7,5 (5-10) 
 

<0,001a 

score * 
Mortality 

 
0 (0%) 

 
1 (6,7%) 

 
8 (26,7%) 

 
37 (68,5%) 

 
<0,001b 

ICU admission 0 (0%) 3 (20%) 12 (40%) 38 (70,4%) <0,001b 

Mechanical 0 (0%) 1 (6,7%) 1 (3,3%) 34 (63%) <0,001b 

ventilation      

Complications 
AKI 

 

0 (0%) 
 

3 (20%) 
 

5 (16,7%) 
 

24 (44,4%) 
 

<0,001b 

Septic shock 0 (0%) 2 (13,3%) 1 (3,3%) 26 (48,1%) <0,001b 

Secondary 1 (5%) 1 (6,7%) 1 (3,3%) 23 (42,6%) <0,001b 
infection      
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Table 2. Subjects Characteristics Based on Mortality 

 
Characteristics 

Non Survivors 
N=46 

 
 

Survivors P 

N=73 
Age (years)* 53,5 (44,75-63,5) 52 (39,5-56,5) 0,041a 

Gender   0,259b 

Male 33 (71,7%) 45 (61,6%)  

Female 13 (28,3%) 28 (38,4%)  

BMI   0,425b 

< 25 18 (39,1%) 34 (46,6%)  

 25 28 (60,9%) 39 (53,4%)  

Comorbidities 

Diabetes 
 

20 (43,5%) 
 

23 (31,5%) 
 

0,186b 

Hypertension 24 (52,2%) 20 (27,4%) 0,006b 

Symptoms duration 7 (4,75-11) 7 (5-9) 0,596a 

(days)*    

Length of Stay (days)* 8 (4-13) 20 (13-25) <0,001a 

SOFA score D-0* 4 (4-5) 2 (1-3) <0,001a 

Highest SOFA score* 8 (5-11,25) 3 (1-4,5) <0,001a 

P/F ratio D-0 117,78 (89.69-154,07) 241,25 (136,88-398,89) <0,001a 

ICU admission 29 (63%) 24 (32,9%) 0,001b 

Mechanical ventilation 31 (67,4%) 5 (6,8%) <0,001b 

Complications 
AKI 

 
22 (47,8%) 

 
10 (13,7%) 

 
<0,001b 

Septic shock 25 (54,3%) 4 (5,5%) <0,001b 

Secondary infection 17 (37%) 9 (12,3%) 0,002b 

* Median (Q1-Q3); a Analysis using Mann-Whitney test; b Analysis using Chi-Square test; c 

Analysis using Fisher’s Exact Test 

Subjects characteristics for patients with secondary infection were summarized in Table 

3. Patients with secondary infection had longer length of stay, higher SOFA score, increased 

need of intensive care and mechanical ventilation, and associated with more complications, 

such as Acute Kidney Injury and septic shock. Positive result from blood, urine, or sputum 

cultures were obtained at day-5 (3-7). Most common microbes in our study were Candida 

albicans (7 samples;26,5%), Candida tropicalis (6 samples;23%), and Klebsiella pneumoniae 

(6 samples;23%). Other microbes were Acinetobacter baumanii (4 samples;15,4%), 

Pseudomonas aeruginosa (2 samples), Enterococcus faecalis (2 samples), Eschericia coli (2 

samples), Klebsiella ozaenae, Providencia stuartii, Enterobacter cloacae, and Citrobacter koseri 

each 1 sample. 

Table 3. Subjects Characteristics Based on Secondary Infection 

 

Characteristics 

 
Secondary Infection 

N=26 

No Secondary P 

Infection 

N=93 
Age(years)* 49 (43-55,25) 53 (42,5-59) 0,552a 

BMI   0,775b 

< 25 12 (46,2%) 40 (43%)  

 25 14 (53,8%) 53 (57%)  

Diabetes 13 (50%) 30 (32,3%) 0,096b 

Length of Stay (days)* 18 (12-25,25) 13 (7-22) 0,049a 

Highest SOFA score* 9 (7,5-12) 4 (2-5) <0,001a 

ICU admission 23 (88,5%) 30 (32,3%) <0,001b 

Mechanical ventilation 22 (84,6%) 14 (15,1%) <0,001b 
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Complications 
AKI 14 (53,8%) 18 (19,4%) <0,001b 

Septic shock 20 (76,9%) 9 (9,7%) <0,001b 

* Median (Q1-Q3); a Analysis using Mann-Whitney test; b Analysis using Chi-Square test 

Absolute Neutrophil Count (ANC), Absolute Lymphocyte Count (ALC), NLR and 

Procalcitonin 

ANC, ALC, NLR and procalcitonin levels from each measurement are presented in Table 4. 

All of these data weren’t normally distributed except for ALC 2. Highest NLRs were observed 

at day-4(0-9). Highest PCTs were observed at day-3 (0-9). 

Table 4. Serial NLR and Procalcitonin 
 

Parameter 
Median p

†

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

† Normality test with Kolmogorov-Smirnov, normal distribution if p>0,05 

Correlation Between NLR, Procalcitonin with WHO Classification of COVID-19 

Severity 

NLR and procalcitonin level for each severity class were written in Table 5. There were 

significant correlation between NLR and WHO severity on hospital admission (p<0,001; 

rs=0,385-weak), on the day when highest NLR recorded (p<0,001; rs=0,598-moderate), and 24 

hours before discharged from hospital (p<0,001; rs=0,751-strong). There were significant 
correlation between procalcitonin and WHO severity on hospital admission (p<0,001; 

rs=0,409-moderate), on the day when highest Procalcitonin recorded (p<0,001; rs=0,508- 

moderate), and 24 hours before discharged from hospital (p<0,001; rs=0,235-weak). 

Table 5. Correlation of NLR, Procalcitonin Levels with WHO Severity 
 

Parameters Mild Moderate Severe Critical P
#
 rs 

NLR 1 
2,63 3,37 5,8 9,25 <0,001 0,385 

 (Q1-Q3)  

ANC 1 (103 /L) 7,03 (4,51 - 10,42) 0,002 

ANC 2 (103 /L) 10,38 (6,77-18,06) <0,001 

ANC 3 (103 /L) 7,15 (4,46-14,32) <0,001 

ALC 1 (103 /L) 1,17 (0,82 - 1,56) 0,029 

ALC 2 (103 /L) 1,04 (0,62-1,39) 0,06 

ALC 3 (103 /L) 1,62 (1,04-2,07) 0,001 

NLR 1 5,77 (3,31 - 12,16) <0,001 

NLR 2 12,52 (5,3-26,12) <0,001 
NLR 3 3,84 (2,29-13,37) <0,001 

PCT 1 (ng/ml) 0,18 (0,09 - 0,4) <0,001 

PCT 2 (ng/ml) 0,29 (0,1-1,2) <0,001 
PCT 3 (ng/ml) 0,13 (0,07-0,46) <0,001 

 

(1,56-3,59) (2,35-7,03) (4,03-8,42) (5,43-16,79)  

3,46 6,06 6,84 23,7 <0,001 0,598 

NLR 2 (2,52-4,41) (3,63-7,21) (4,23-13,04) (14,92-   

   36,39)   

NLR 3 
2,66 - - 18,68 <0,001 0,751 

(2,03-3,82)   (9,97-26,65)   

PCT 1 
0,08 0,09 0,14 0,39 <0,001 0,409 

(0,04-0,1) (0,08-0,29) (0,07-0,33) (0,17-0,71)   

PCT 2 0,1 0,1 0,2 1,07 <0,001 0,508 
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(0,07-0,15) (0,08-0,18) (0,12-0,35) (0,3-4,52)   

PCT 3 
0,08 - - 0,66 0,01 0,235 

(0,05-0,13)   (0,2-2,59)   

#Analysis using Spearman Test 

ROC curve analysis was used to analyze NLR and procalcitonin levels to obtain a cutoff 

value to predict severe-critical illness. We used NLR 2 (highest NLR) and PCT 2 (highest 

procalcitonin) because its correlation (rs) was stronger than NLR and procalcitonin on hospital 

admission. Cutoff value of NLR >6,82 can predict severe-critical illness (AUC=0,905) with 

sensitivity 82,2% and specificity 82,8% (Figure 1 A). Relative Risk 2,342 CI 95% 1,595-3,438. 

Cutoff value of Procalcitonin >0,145 ng/ml can predict severe-critical illness (AUC 0,857) with 

sensitivity 82,6% and spesificity 75,8% (Figure 1B). Relative Risk 2,397 CI 95% 1,596-3,600. 
 

Figure 1 ROC Curve of NLR (A) and procalcitonin (B) as Critical Ilness Predictor 

Correlation Between NLR or Procalcitonin with SOFA score 

In this study, NLRs were correlated significantly with SOFA score on hospital 

admission (p<0,001; rs=0,549-moderate), on the day when highest NLR recorded (p<0,001; 

rs=0,683-strong), and 24 hours before discharged from hospital (p<0,001; rs=0,782-strong). 

There were significant correlation between procalcitonin levels and SOFA score on hospital 

admission (p<0,001; rs=0,574-moderate), on the day when highest procalcitonin recorded 

(p<0,001; rs=0,716-strong), and 24 hours before discharged from hospital (p<0,001; rs=0,679- 

strong). Spearman test was used for analysis. 

Comparison of NLR and Procalcitonin Between Non Survivor vs Survivor 

NLR and procalcitonin levels for non survivor vs survivor were presented in Table 6. 

There were significant difference of NLR between survivor and non survivor on hospital 

admission, on the day when highest NLR recorded, and 24 hours before discharged from 

hospital (p<0,001). There were also significant difference of procalcitonin between survivor 

and non survivor on hospital admission, on the day when highest procalcitonin recorded, and 

24 hours before discharged from hospital (p<0,001). Mann-Whitney test was used for analysis. 

Table 6. NLR and procalcitonin levels in survivor vs non survivor 
 

Parameters Non survivor Survivor P‡ 

NLR 1 10,32 (4,53-19,6) 4,77 (2,67-7,81) <0,001 

NLR 2 25,17 (12,99-42,01) 7,21 (3,95-15,99) <0,001 

NLR 3 18,68 (9,97-26,65) 2,66 (2,03-3,82) <0,001 

PCT 1 0,3 (0,06-0,29) 0,1 (0,06-0,29) <0,001 

PCT 2 1,15 (0,32-4,30) 0,16 (0,1-0,4) <0,001 

PCT 3 0,66 (0,2-2,59) 0,08 (0,05-0,13) <0,001 
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‡Analysis using Mann-Whitney Test 

ROC curve analysis was used to analyze NLR and procalcitonin levels to obtain a cutoff 

value to predict mortality. We used cuttoff value of NLR >12,75 as mortality predictor with 

AUC 0,782, sensitivity 78,3% and specificity 68,5%. Relative Risk 3,661 CI 95% 2,006-6,680. 

Cutoff value of Pct >0,285 ng/ml can predict mortality with AUC 0,789 sensitivity 80,4% 

specificity 68,5%. Relative Risk 4,043 CI 95% 2,145-7,618. 
 

Figure 2 ROC Curve of NLR (A) and procalcitonin (B) as Mortality Predictor 

Comparison of NLR or procalcitonin Between Patients With or Without Secondary 

Infection 

Highest NLRs were observed at day-4(0-9). Highest PCTs were observed at day-3 (0- 

9). Positive result from blood, urine, or sputum cultures were obtained at day-5 (3-7), therefore 

secondary infection clinically occurred before. 

In this study, patients with secondary infection had higher NLR and procalcitonin than 

patients without secondary infection (Table 7). There were significant difference of NLR 

between patients with secondary infection and patients without secondary infection (p<0,001). 

There were also significant difference of procalcitonin between patients with secondary 

infection and patients without secondary infection (p<0,001). 

Table 7. NLR and procalcitonin levels in Patients with Secondary Infection vs No Secondary 

Infection 
 

 Secondary infection No Secondary 

Infection 

P** 

Highest 

NLR 

26,63 (18,30-42,01) 8,68 (4,18-19,78) <0,001 

Highest 

PCT 
1,91 (0,95-6,68) 0,18 (0,1-0,44) <0,001 

** Analysis using Mann-Whitney Test 

 

 
DISCUSSION 

Characteristics of Research Subjects 

Patients in severe-critical and non survivor groups were older. Aging process is associated with 

changes in distribution and competence of immune cells. This aging related changes begin at 
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the sixth decades of life. Weakened adaptive immunity leaving older individuals susceptible to 

infection. The diversity of T-cell declines, it affects immune system to specifically recognize 

antigen. A major defect in older T cells is inability to properly repair damaged DNA (9). Most 

of severe and critical patients were male. Male have higher plasma ACE-2 levels than female, 

this may lead to higher expression of ACE-2 receptors which has a role in SARS-CoV-2 

infection. Another reason, the X chromosome has a high density of immune-related gene, 

therefore, women have stronger innate and adaptive immune responses. Differences in immune 

response can also be caused by sex hormones, such as estrogen, progesterone, and androgens 

(10). 

Hypertension was the most common comorbidities in this study. Several studies showed 

that anti hypertensive drugs such as ACE inhibitor and angiotensin receptor blockers are 

associated with increased expression of ACE2 on cell membrane, therefore SARS-CoV-2 virus 

is easier to infect cells. Other possibility, hypertensive patients have decreased expression of 

ACE2, while SARS-CoV-2 will be bound to ACE2 receptor. This will lead to increased level 

of Angiotensin 2 which has important role in COVID-19 disease progression (11). 

On hospital admission, Absolute Neutrophil Count (ANC) was 7,03 (4,51-10,42) x 

103/L and Absolute Lymphocyte Count (ALC) was 1,17 (0,82-1,56) x 103/L. Normal ANC 

is 2,5-8 x 103/L and normal ALC is 1-4 x 103/L (12). Normal NLR is 0,78-3,53 in adults 

(13). ANC continued to rise until 10,38 (6,77-18,06) while ALC were not so different [1,04 

(0,62-1,39)] on the day when highest NLR was recorded. ANC decreased and ALC increased 

24 hours before discharge, and NLR decreased to almost within normal limit. 

Neutrophil recruitment is part of immune response which caused by SARS-CoV-2 

infection. SARS-CoV-2 infection on respiratory tract triggers various cytokines, chemokines. 

CXCL-8 is chemokines which facilitates neutrophil recruitment to infection site. Even though 

neutrophils have protective roles, activation of these cells for extensive and long term in lungs 

brings can cause Acute Respiratory Disease Syndrome (14). SARS-CoV-2 infection can cause 

exhaustion of T cells. There is increased expression of programmed cell death protein-1 (PD- 

1) and T cell immunoglobulin and mucin domain 3 (Tim-3) which correlates with disease 

severity and the needs for intensive care. Other possibility, SARS-CoV-2 is able to infect T 

cells, but it still needs further research (15). Other factors which can contributes to increased 

NLR in this study is 57% of patients was overweight and obese. Obesity is associated with 

chronic inflammation, which can increase NLR (16). 

Dr Soetomo is a referral hospital for Eastern part of Indonesia, therefore most of patients 

of this study (45,4%) belong to critical group. This will affect number of complications,  

mortality, needs of intensive care and mechanical ventilation. Secondary infection occurred to 

26 (21,8%) patients in this study. The most common findings were Candida albicans, Candida 

tropicalis, Klebsiella pneumoniae, and Acinetobacter baumanii. In previous study from China, 

Acinetobacter baumanii and Klebsiella pneumoniae were also found in cultures from COVID- 

19 patients (16). 

Correlation Between NLR or Procalcitonin with COVID-19 Severity and Secondary 

Infection 

There were significant correlations between NLR and COVID-19 severity (WHO 

classification and SOFA score) at hospital admission, at the day when highest NLR was 

recorded, and 24 hours before hospital discharge. Cutoff value of NLR >6,82 used as severe- 

critical illness predictor. Patients with NLR >6,82 were 2,342 times more likely to develop 

severe-critical illness  than patients  with  NLR 6,82.  This  cutoff value  can be  used  for 
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screening. High risk patients might be better to be treated early in intensive care unit and 

receive more aggressive treatment. 

NLR is calculated from ANC and ALC. In this study ANC was higher and ALC was 

lower in severe and critical group, therefore NLR is higher. This finding supports previous 

study that neutrophil is significantly increased in severe COVID-19 patients (17). NLR 

continued to increase as disease progression in critical patients. 24 hours before hospital 

discharge, patients who died (critical group) has high NLR, while patients who survived had 

normal NLR. 

High NLR is an indicator of imbalance immune response with increased neutrophil and 

decreased lymphocyte. COVID-19 severity is mainly affected by innate immune response. 

Cytokine storm occurred in severe patients, a condition with exaggerated immune response. 

Inflammation factors production in viral infection, such as Interleukin-6, Interleukin-8, and 

granulocyte colony-stimulating factor, can trigger neutrophil production. In the other hand, 

systemic inflammation can cause faster lymphocyte apoptosis and decreased cellular immunity 

(18). Other possible cause of increased NLR in severe and critical patients is secondary 

infection. NLR in secondary bacterial infection is higher than NLR in viral infection (19). 

There were significant correlations between procalcitonin and COVID-19 severity ( 

WHO classification and SOFA score) at hospital admission, at the day when highest 

procalcitonin was recorded, and 24 hours before hospital discharge. Patients in severe and 

critical group had higher procalcitonin. Procalcitonin is 116 amino acid precursor from 

calcitonin, which is produced by thyroid C cells. Bacterial infection triggers inflammatory 

reaction and leucocyte recruitment to infection site. Microbes products like 

lipopolysaccharides and pro inflammatory mediators (IL-1, TNF-) impair tissue selective 

expression in differentiated parenchymal cells. Calcitonin(CT)-mRNA induction cause 

massive secretion of several calcitonin precursors, including procalcitonin into circulation. In 

sepsis, parenchymal cells from specific organ (adipocyte, liver, lung, brain, muscle cells) have 

important roles in procalcitonin release (20). 

Highest NLRs were observed at day-4(0-9). Highest procalcitonin were observed at 

day-3 (0-9). Positive result from blood, urine, or sputum cultures were obtained at day-5 (3-7), 

therefore secondary infection clinically occurred before. Highest procalcitonin in critical 

patients were markedly increased 1,07 (0,3-4,52)ng/ml. In this study, secondary infection 

occurred in 3,3% of severe patients and 42,6% of critical patients. Virus impairs mucociliary 

clearance function, therefore bacteria is easier to attach and colonize. Viral infection cause 

desensitization in lung sentinel cells to TLR signal which contributes to secondary bacterial 

infection (21). Moreover, 63% patients in critical group treated with mechanical ventilation, 

with the risk of Ventilator Associated Pneumonia (VAP). Previous study in China, secondary 

infection occurred in 20% severe COVID-19 patients and 50% critical COVID-19 patients 

(22). 

Most common microbes found in cultures in this study is Candida albicans and Candida 

tropicalis. Previous study by Cortegiani et al. (2014) comparing procalcitonin in bacterial 

infection and fungal infection found that procalcitonin in Candida species infection was lower 

[0,99(0,86-1,34) ng/ml] than in bacterial infection [16,7 (7,65-50,2) ng/ml] or mixed bacterial 

and Candida infection [4,76 (2,98-6,08) ng/ml]. Sepsis is a complex immune response against 

pathogens, with hyperinflammatory phase as a hallmark in early period followed by impaired 

immunity phase and anti inflammatory predominance. The reason why procalcitonin is lower 

probably because infection is occurred in that impaired immunity phase (23). Another 
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possibility is fungal infection has different pattern of cytokine response compared to bacterial 

infection (24). Therefore, we should be aware of fungal infections in COVID-19. 

Fungal infection in COVID-19 should be worried about, especially in severe and critical 

group. In severe COVID-19 patients, CD4+ and CD8+ T cells is decreased significantly 

compared to non severe patients (25). CD4+ and CD8+ T cells have important roles in adaptive 

immune response to protect against fungal infection (26). Candidiasis is the main cause of 

fungal infection in intensive care unit, with candida albicans as the most common cause. 

Factors associated with severe fungal infection are mucosal damage, immunosuppression, 

diabetes, medical procedures such as central vein catheter, total parenteral nutrition, and 

medical workers’ poor hygiene. Fungal cultures have long incubation period, and sometimes 

negative result in deep sited candidiasis. Anti fungal therapy should be started when there is 

yeast found in culture without any delay to wait for species identification (27). 

Comparison of NLR or Procalcitonin Between Non Survivor vs Survivor 

In this study, there were significant NLR difference in mortality groups at the hospital 

admission, at the time when highest NLR was recorded, and 24 hours before hospital discharge. 

Patients who were not survive had higher ANC and lower ALC, therefore higher NLR. 

COVID-19 is associated with multiple organ involvement such as lung, liver, kidney, 

heart, gastrointestinal, hematology, and neurology system. Multiple organ failure in COVID- 

19 is associated with higher mortality (28). In this study, patients who were not survive had 

higher SOFA score (Table 2). Artery and vein endothel in various organs are able to express 

ACE2. Microscopic finding of SARS-CoV-2 virus particle in lung and kidney endothelial cells 

support those finding. Endothelial damage and endothelialitis (marked by activated 

macrophage and neutrophil) are found in lung, kidney, liver, intestines, and heart of COVID- 

19 patients. This leads to thrombin production, fibrinolysis inhibition, and complement system 

activation, starts thromboinflammation process which cause microthrombi deposition and 

microvascular disfunction. Cross communication between neutrophil and platelet along with 

macrophage activation cause proinflammatory effects, such as cytokine release, neutrophil 

extracellular traps (NETS) formation, fibrin, and microthrombi. NETs will cause further 

endothelial damage (29). 

High NLR is associated with pro inflammatory cytokine production. During this 

pandemic, a lot of research about drugs or intervention for severe COVID-19 patients, 

including how to deal with cytokine storm. RECOVERY Clinical Trial studied dexamethasone 

treatment for COVID-19. Mortality in patients with dexamethasone treatment was lower for 

patients with mechanical ventilation or other types of oxygen support (30). Other drug is 

specific cytokine inhibitor, like IL-1 receptor antagonist (Anankira), anti IL-6 receptor 

monoclonal antibody (Tocilizumab), said can reduce needs for mechanical ventilation. Non 

pharmacology intervention, such as continuous renal replacement therapy (CRRT) as 

hemofiltration for pro inflammatory cytokines clearance . Another method is therapeutic 

plasma exchange (TPE), in several COVID-19 studies found that it could decrease IL-6 and 

ferritin level with clinical improvement, and decrease mortality in patients with respiratory 

failure (31). 

Procalcitonin in this study was significantly different between survivors and non 

survivors. Procalcitonin levels were higher in non survivor group. Increased level in 

procalcitonin is associated with secondary bacterial infection (32). Procalcitonin >0,5 ng/ml is 

usually used to diagnose bacterial infecti 
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Steroid as one of COVID-19 treatment could increase secondary infection both 

bacterial and fungal (33). In this study, 63% patients of non survivor group were in intensive 

care unit, and 67,4% patients need mechanical ventilation, and 54,3% suffered from septic 

shock. In 2009 H1N1 pandemic, 30% of critical ill patients were diagnosed with bacterial 

pneumonia or bacteriemia 72 hours after intensive care unit admission (4). COVID-19 patients 

needed long term ventilatory support, therefore possibility of hospital or ventilator acquired 

infection is higher (34). A lot of patients in intensive care unit need urine catheter, CRRT, 

ECMO, and tracheostomy. These can also contributes to hospital acquired infection (35). 

Secondary bacterial infection on viral infection increase severity and mortality (34). 

Secondary infection prevention is very important in COVID-19, especially in severe 

and critical patients. Cleaning patients’ environment routinely can reduce risk of hospital 

acquired infections. Contaminated hands of medical worker contribute to 30-40% of hospital 

acquired infections (36), therefore hand hygiene and gloves changing are important during 

patient care. Aseptic technique in invasive device insertion, such as urine catheter, arterial line, 

and central vein catheter and routine care of those devices can reduce risk of infection (37). 

Good glycemic control can reduce mortality in infection, because uncontrolled hyperglycemia 

can increase risk of impaired cellular immunity function (38). 

There were some limitations in this study, this study was single-centered and 

retrospective, most of patients were severe and critical patients, and symptoms duration at 

hospital admission was various. 

 
 

CONCLUSIONS 

NLR and procalcitonin significantly correlates with COVID-19 severity, both in WHO 
classification and SOFA score. NLR >6,82 can be used as predictor for severe-critical COVID- 

19. Procalcitonin >0,145 ng/ml can be used as predictor for severe-critical COVID-19. There 

are significant difference of NLR and procalcitonin between mortality groups of COVID-19 

patients. NLR> 12,75 can be used as mortality predictor for COVID-19. Cutoff value of 

Procalcitonin >0,285 ng/ml can predict mortality in COVID-19. There are significant 

difference of NLR and procalcitonin between COVID-19 patients with secondary infection. 
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