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Abstract:  

Risk stratification of Coronavirus disease 2019 (COVID-19) patients is very important to 

determine patient care and prognosis. The reliable parameters include C-reactive protein (CRP), 

lactate dehydrogenase (LDH), and neutrophil-lymphocyte ratio (NLR). This study aimed to 

determine the relationship between CRP, LDH, and NLR levels with the severity of COVID-19 

patients. An observational study with a cross-sectional approach was conducted at Ulin Hospital 

Banjarmasin on 91 eligible subjects. A logistic regression test was conducted to determine the 

relationship between variables and the severity of COVID-19. The results showed that there was 

no significant relationship between CRP levels and the severity of COVID-19 (prevalence odds 

ratio (POR) 0.85, 95% confidence interval (CI 95%) 0.34-2.09, p=0.72). There was a significant 

difference between the mean LDH levels in severe COVID-19 compared to non-severe COVID-

19 (1006 + 601.77 vs 543.5 + 480.41, p<0.001), with POR 4.23, 95% CI 95% 1.56-11.45, 

p=0.005; there was also a significant difference between the mean NLR values in severe COVID-

19 compared to non-severe COVID-19 (9.01 + 6.32 vs 5.38 + 5.03, p=0.002) with POR of 12.21 

CI 95% 3.80-39.31, p<0.001. This study showed that LDH levels and NLR values were important 

predictors of COVID-19 severity. 
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Introduction 
The coronavirus disease 2019 (COVID-19) 

is known to have started in December 2019 in 
China and has spread rapidly throughout the 
world.1 Clinical symptom and laboratory test 
results categorize patients into severe cases of 
COVID-19 and non-severe cases of COVID-19. 
Patients with severe COVID-19 will have an 
increased intensive care unit (ICU) need and 
risk of death.2 

Patients with confirmed COVID-19 mostly 
showed significant changes in the results of 
the complete blood count and inflammatory 
markers.3 A combination of several laboratory 
tests can be used to demonstrate the 
inflammatory state and prognosis.4 The C-
reactive protein (CRP), lactate dehydrogenase 
(LDH), and neutrophil-lymphocyte ratio (NLR) 
are some of the indicators that are easily 
found and widely available in many health 
facilities.5 

The previous meta-analysis found that 
the significant inflammatory parameters in 
COVID-19 cases were high CRP and LDH, 
leukopenia, and lymphopenia.6 CRP, LDH, and 
NLR levels can affect the severity of COVID-19 
patients and their prognosis. Identification of 
laboratory predictors for disease progression 
and severity is critical for patient risk 
stratification.2,6 This study aimed to 
determine the relationship between CRP, 
LDH, and NLR levels with the severity of 
COVID-19 patients treated at Ulin Hospital 
Banjarmasin. 
 

Methods 
This study was an observational study 

with a cross-sectional approach to determine 
the relationship between CRP, LDH, and NLR 
levels with the severity of COVID-19 patients 
treated at Ulin Hospital Banjarmasin from 
2020 to 2021. The population in this study was 
medical record data of patients diagnosed 
with COVID-19 with the RT-PCR swab method. 

The inclusion criteria in this study were 
patients aged 18-65 years diagnosed with 
COVID-19 using the RT-PCR swab method who 
were treated at Ulin Hospital Banjarmasin. 

Exclusion criteria were patients with 
incomplete data and patients with cancer and 
immunodeficiency. 

The independent variables in this study 
were levels of CRP, LDH, and NLR with the 
dependent variable being the severity of 
COVID-19 (severe and not severe). The 
confounder variables were age, gender, 
diabetes mellitus, hypertension, heart 
disease, chronic lung disease, cerebrovascular 
disease, chronic kidney disease, and smoking. 

We categorized patients based on the 
following conditions: non-severe COVID-19 
patients meet the following conditions: (1) 
Epidemiological history, (2) Fever or other 
respiratory symptoms, (3) Radiological 
abnormalities typical of viral pneumonia, and 
(4) Positive RT-PCR result for SARS-CoV-2; 
severe COVID-19 patients meet at least one of 
the following conditions: (1) shortness of 
breath, respiratory rate 30 breaths/min, (2) 
oxygen saturation (resting condition) 93%, (3) 
PaO2/FiO2 300 mmHg.7 CRP levels were 
categorized as high if CRP levels >20.42 mg/dl 
and low CRP if CRP levels <20.42 mg/dl.8 High 
LDH levels if LDH levels were >450 U/L and low 
LDH levels if LDH levels were <450 U/L.9 The 
NLR value was high if the NLR value >3.13 and 
the NLR value was low if the NLR value 
<3.13.10 

The data collected were tabulated. 
Descriptive data of patients were presented in 
tables and percentages which include data on 
patient characteristics. Bivariate analysis 
using logistic regression was conducted to 
determine the relationship between CRP, 
LDH, NLR, and the confounder variables. 

This study obtained a certificate of ethical 
clearance from the faculty of medicine, 
Universitas Lambung Mangkurat with No. 
116/KEPK-FK ULM/EC/IV/2022, certificate of 
research ethical clearance at Ulin hospital 
Banjarmasin No. 98/VIII-Reg-Riset/RSUDU/20, 
and research permit 
No.001/Kedokteran/Diklit/RSUDU/VIII/2020 
to conduct research at Ulin Hospital 
Banjarmasin. 
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Results 
Data from medical records were collected 

in the 2020-2021 period and 91 subjects were 

obtained. The baseline characteristics of 
subjects can be seen in table 1. 

 
Table 1. Baseline characteristic 

Subjects (n = 91) 
Severe COVID-19 

(n=62) 
Non severe COVID-19 

(n=29) 

Gender     
 Man 47 (51.65%) 23 (25.27%) 
 Woman 15 (16.48%) 6 (6.59%) 
Mean age (mean + SD) 50.06 + 7.48 _ 44.24 + 10.67 
CRP level     
 High (>20.42 mg/dl) 36 (39.56%) 18 (19.78%) 
 Low (<20.42 mg/dl) 26 (28.57%) 11 (12.09%) 
 Average (mean + SD) 27.65 + 20.98 31.38 + 29.23 
LDH level     
 Height (>450 U/L) 52 (57.14%) 16 (17.58%) 
 Low (< 450 U/L) 10 (10.99%) 13 (14.29%) 
 Average (mean + SD) 1014 + 601.77 543.5 + 480.41 
NLR value     
 Height > 3.13 57 (62.64%) 14 (15.38%) 
 Low <3.13 5 (5.49%) 15 (16.48%) 
 Average (mean + SD) 9.01 + 6.32 5.38 + 5.03 
Comorbid     
Diabetes mellitus 15 (16.48%) 5 (5.49%) 
Hypertension 19 (20.88%) 9 (9.89%) 
Heart disease 3 (3.30%) 2 (2.20%) 
Asthma 2 (2.20%) 0 (0%) 
COPD 0 (0%) 0 (0%) 
tuberculosis 2 (2.20%) 0 (0%) 
Cerebrovascular disease 0 (0%) 0 (0%) 
Chronic kidney disease 1 (1.10%) 0 (0%) 
Smokers 14 (15.38%) 5 5.49%) 

 
Bivariate analysis using logistic 

regression was conducted to determine the 
relationship between CRP, LDH, NLR, and the 
confounder variables. The logistic regression 
test in table 2 showed that there was no 
significant relationship between CRP levels 
and the severity of COVID-19 (odds ratio (OR) 

0.85 95% confidence interval (CI) 0.34-2.09, 
p=0.72), there was a significant relationship 
between LDH levels and COVID-19 severity 
(OR 4.23, 95% CI 1.56-11.45, p=0.005) and a 
significant relationship between NLR and 
COVID-19 severity (OR 12.21 95% CI 3.80-39, 
31, p<0.001).

 
Table 2. Analysis of the relationship between CRP levels and the severity of COVID-19 

 p OR Upper limit Lower limit 

CRP level 0.72 0.85 0.34 2.09 
LDH level 0.005 4.23 1.56 11.45 
NLR value <0.001 12.21 3.80 39.31 
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The relationship between other variables 
and the severity of COVID-19 can be observed 
in table 3. Parameters of gender, age, 
diabetes mellitus, hypertension, heart 
disease, chronic lung disease, cerebrovascular 

disease, chronic kidney disease, and smoking 
will be assessed to determine the magnitude 
of the relationship. to the severity of COVID-
19.

 
Table 3. Analysis of the relationship between comorbid variables and the severity of COVID-19 

Subjects (n = 91) 
Logistic regression 

p OR Upper limit Lower limit 

Gender     
 Male 0.71 0.82 0.28 2.38 

 Female     
Comorbidities     
Diabetes mellitus 0.46 1.53 0.50 4.72 
Hypertension 0.97 0.98 0.38 2.55 
Heart disease 0.69 0.69 0.11 4.35 
Smoke 0.56 1.30 0.45 4.35 

 
The relationship between other variables 

and the severity of COVID-19 did not show a 
significant relationship, namely gender (OR 
0.82, 95% CI 0.28-2.38, p=0.71), diabetes 
mellitus (OR 1.53, CI 95 % 0.50-4.72, p=0.46), 
hypertension (OR 0.98, 95% CI 0.38-2.55, 
p=0.97), heart disease (OR 0.69, CI 95% 0.11-
4.35, p=0.69), and smoking (OR 1.30, 95% CI 
0.45-4.35, p=0.56). Parameters of asthma, 
COPD, tuberculosis, cerebrovascular disease, 
and chronic kidney disease could not be 
analyzed by logistic regression because the 
cases in one or more groups were empty. 
 

Discussion 
A severe inflammatory response is 

associated with impaired immunity, resulting 
in an imbalanced immune response. 
Circulating inflammatory markers can 
represent inflammatory and immune states, 
so they can be potential predictors for risk 
stratification of COVID-19 patients.7 The C-
reactive protein (CRP), lactate dehydrogenase 
(LDH), and neutrophil-lymphocyte ratio (NLR) 
are some of the indicators that are easily 
found and widely available in many health 
facilities.5 

CRP markers can be used as indicators of 
inflammation markers in the human body.11 
As an acute-phase protein, CRP increases 
dramatically within hours of infection and 
activates the complement system via the 
classical pathway and macrophages via the 
Fcγ receptor. CRP levels are elevated during 
inflammatory diseases and infections. C-
reactive protein is created mainly in 
hepatocytes and several cells.12 The CRP can 
act as a pro-inflammatory and anti-
inflammatory molecule depending on which 
CRP isoform is released.13 CRP levels can 
increase up to 1000-fold in bacterial infections 
and decrease suddenly as soon as the 
infection resolves.12 

Many studies suggest the use of CRP as a 
prognostic biomarker in acute and chronic 
infections. Plasma CRP levels in COVID-19 
cases rise to levels similar to those of a 
bacterial infection. Furthermore, CRP levels 
correlated with a worse prognosis in COVID-
19 with an odds ratio of 18.9 and proved to be 
a reliable marker for various adverse 
processes, such as, for example, the need for 
mechanical ventilation.11 High CRP levels 
predict the risk of intubation in stable COVID-
19 hospitalized patients on admission.14 A 
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mild increase in CRP may or may not be 
clinically significant, depending on the clinical 
condition of the patient. Clinical correlations 
must be taken into account when interpreting 
the results of the CRP test.11 

This study showed no significant 
difference between the mean CRP levels in 
severe COVID-19 vs non-severe COVID-19 
(table 2). The logistic regression test showed 
that CRP levels were not significantly 
associated with the severity of COVID-19 (OR 
0.85 95% CI 0.34-2.09, p=0.72). The results of 
this study are different from the previous one 
where some reports show a difference in the 
average CRP levels in severe COVID-19 
compared to non-severe COVID-19. This may 
be due to differences in study subjects, 
patient characteristics, comorbidities, and 
cut-off levels of CRP which have clinical 
implications for the severity of COVID-19. 

Several studies report that CRP is an 
important indicator for the prognostic 
prediction of COVID-19 and a biomarker of 
mortality.15 An understanding of the role of 
proinflammatory cytokines in the 
pathophysiology of COVID-19 is essential for 
the evaluation of anti-cytokine therapy. SARS-
CoV-2 may be well adapted to humans and 
viral genomic RNA or intermediates cannot be 
recognized by the immune system for 
activation of the inflammatory cascade. Luo et 
al. (2020) reported that circulating levels of IL-

2, IL-4, TNF-, IFN-, and CRP was not 
associated with the severity of COVID-19 
symptoms.16 

COVID-19 has different features in terms 
of severity, mortality, and spread in different 
countries. Several variations in mortality rates 
have been observed in different countries.17 
Large differences in the haplotypes of human 
leukocyte antigens may evoke variability of 
immune responses to SARS-CoV-2, leading to 
variations in the disease severity. The causes 
of severity and death of COVID-19 require 
further investigation. Several reports suggest 
a cytokine storm correlates with the severity 
of COVID-19 patients. But correlation did not 

show causation. More viral replication may 
also drive the severity of COVID-19.16 

Lactate dehydrogenase is a group of 
oxidoreductase isoenzymes that catalyze the 
reversible reaction between pyruvate and 
lactate.18 LDH plays a very important role as a 
diagnostic biomarker for several common 
diseases such as cancer, thyroid disorders, 
tuberculosis, etc. LDH levels are associated 
with mortality in COVID-19. High serum LDH 
levels on admission were independently 
associated with in-hospital mortality.19 

This study showed a significant difference 
between the mean LDH levels in severe 
COVID-19 vs non-severe COVID-19 (1006 + 
601.77 vs 543.5 + 480.41, p<0.001). Logistic 
regression test showed that LDH levels 
increased the risk of COVID-19 severity >4-
fold (OR 4.23, 95% CI 1.56-11.45, p=0.005). 
The results of this study were similar to 
previous studies where some reports show a 
difference in the mean levels of LDH in severe 
COVID-19 compared to non-severe COVID-19. 

LDH is an intracellular enzyme found in 
cells in almost all organ systems, which 
catalyzes the interconversion of pyruvate and 
lactate, with the interconversion of NADH and 
NAD+ simultaneously.9,18 Elevated LDH levels 
are associated with a 6-fold increase in the 
likelihood of severe COVID-19 illness. More 
importantly, an increase in LDH was 
associated with a >16-fold increase in the 
probability of death. Thus, the patient's LDH 
should be monitored closely for signs of 
disease progression or decompensation.18 

Elevated LDH in patients with COVID-19 
suggests lung and tissue injury. COVID-19 can 
cause inadequate tissue perfusion and 
multiple organ failure due to various 
mechanisms, including thrombosis, leading to 
elevated LDH. Thus, high LDH serves as a 
biomarker of disease severity.20 Several 
studies reported that elevated LDH was 
independently associated with poor 
prognosis.21 

Severe infection can cause cytokine-
mediated tissue damage and LDH release. 
Because LDH is present in lung tissue (isozyme 
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3), patients with severe COVID-19 infection 
release greater amounts of LDH into the 
circulation which often progresses to acute 
respiratory distress syndrome. In addition, 
LDH levels are elevated in thrombotic 
microangiopathy, which is associated with 
renal failure and myocardial injury.18,19 

LDH levels are associated with the 
development of COVID-19. One study found 
significantly higher LDH levels in ICU patients 
than in non-ICU. Because high LDH levels 
persisted in the number of days in ICU 
patients after admission, LDH may be a 
predictive marker for severe disease.22 A 
multi-center study involving 1,099 patients 
reported supporting evidence linking levels of 
tissue damage and inflammation with 
elevated LDH levels.23 

The neutrophil: lymphocyte ratio (NLR) is 
an indicator of systemic inflammation that 
plays a potential prognostic role in several 
clinical conditions including acute respiratory 
distress syndrome, liver disease, 
cardiovascular disease, and malignancy.24 The 
NLR value appears to be more sensitive than 
the absolute neutrophil value or lymphocyte 
count in bacterial and viral pneumonia, which 
is a marker of the systemic inflammatory 
response.25 The NLR at admission may be 
beneficial for initial risk stratification and 
prioritization of required resources.24 

This study also showed a significant 
difference between the mean NLR values in 
severe COVID-19 vs non-severe COVID-19 
(9.01 + 6.32 vs 5.38 + 5.03, p=0.002). Logistic 
regression test showed that NLR levels were 
associated with a risk of COVID-19 severity 
more than 12-fold (OR 12.21 95% CI 3.80-
39.31, p<0.001). The results of this study are 
similar to previous studies where some 
reports indicate an association between NLR 
and COVID-19 severity. 

NLR values are recognized to reflect a 
balance between innate and adaptive 
immune responses. NLR has previously been 
recognized as a diagnostic tool and predictive 
marker of disease severity in patients with 
influenza virus and other inflammatory 

diseases.26 Several studies have also identified 
a role for NLR in distinguishing severe diseases 
and predicting mortality. NLR can predict 
death or ICU admission in COVID-19 
patients.27 Neutrophil survival appears to be 
extended for several days after viral infection. 
This prolonged activation in turn leads to the 
release of pro-inflammatory mediators and 
toxins, paving the way for the need for 
repeated measurements of NLR during 
hospitalization. Neutrophils may lead to 
nonspecific immunity that initiates the body's 
response to inflammation, while lymphocytes 
are protective elements against inflammation, 
which are important for an innate immune 
response during viral infection.28 

Liu et al. showed that of the 245 
hospitalized patients, there were 13.47.% 
severe COVID-19 patients. Multivariate 
analysis showed that there was an 8% higher 
risk of in-hospital death for each unit increase 
in NLR (OR = 1.08; 95% CI, 1.01 to 1.14; p = 
0.0147). Compared with patients in the lowest 
tertile, the NLR of patients in the highest 
tertile had a >16-fold higher risk of death (OR 
= 16.04; 95% CI, 1.14-224.95; p = 0.0395) after 
adjustment analysis with potential 
confounder factors. The adjusted OR analysis 
for mortality was 1.10 in males for each unit 
increase in NLR (OR = 1.10; 95% CI, 1.02-1.19; 
p = 0.016).29 

Kong et al. reported that of 210 COVID-19 
patients, 87 were diagnosed with severe 
cases. The mean NLR in the severe group was 
higher than that in the non-severe group (6.6 
vs 3.3, P < 0.001). The highest NLR tertile (5.1-
19.7) showed a 5.9-fold increased incidence of 
severity (95% CI 1.3-28.5) compared to the 
lowest tertile (0.6-2.5) after adjustment for 
confounders. The number of T cells decreased 
significantly in the severe group (0.5 vs 0.9, P 
< 0.001). COVID-19 may primarily act on 
lymphocytes, particularly T lymphocytes. 
Patients with elevated NLR should be advised 
to stay in isolation with respiratory monitoring 
and supportive care.30 

Yang et al. indicated that increasing NLR 
and age were significantly associated with 
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disease severity. The analysis showed that an 
increase in NLR (hazard ratio [HR] 2.46, 95% CI 
1.98–4.57) and age (HR 2.52, 95% CI 1.65–
4.83) as independent factors for poor clinical 
outcomes in COVID-19 patients.7 

The patient's condition and the presence 
of comorbidities associated with the condition 
influence the prognosis and progression of 
COVID-19 disease. Patients with advanced 
age, diabetes mellitus, hypertension, low 
PaO2/FiO2 values, and delayed treatment are 
risk factors for severe and fatal diseases.31 The 
current pandemic also brings a new situation 
related to cardiovascular complications and 
comorbidities that lead to hypertension and 
diabetes mellitus.32 

Based on gender in this study, it was 
found that more men were treated (7 7%) 
with COVID-19 than women (23%), but there 
was no statistically significant relationship 
between gender and the severity of COVID-19 
(OR 0, 82, 95% CI 0.28-2.38, p=0.71). Jin, et al. 
(2020) showed slightly different that men and 
women have the same prevalence. However, 
men with COVID-19 were more at risk for 
poorer outcomes and death, regardless of 
age.33 Raimondi, et al (2021) showed that 
hospitalized women are less likely to die from 
COVID-19; however, once severe disease 
occurs, the risk of death is similar to that of 
men. These divergent results warrant further 
investigation regarding the role of gender in 
the clinical course and outcome of COVID-
19.34 

Some evidence suggests that multiple 
comorbidities are associated with the severity 
of COVID-19. Patients with diabetes mellitus, 
obesity, and hypertension with COVID-19 
experience increased morbidity and mortality 
rates.35 Mechanisms for increased severity 
and mortality among diabetic patients include 
changes caused by hyperglycemia in the 
immune system and increased inflammatory 
cytokines. The severe course and poorer 
outcome of SARS-Cov-2 infection in 
hypertensive patients are associated with a 
hyperinflammatory response and the 
development of a cytokine storm during the 

third phase of the disease. Cardiovascular 
disease has also been linked to increased 
COVID-19 mortality.36 

Several studies have shown that 
hypertension and diabetes mellitus are the 
main comorbidities in COVID-19.37 Diabetic 
patients with COVID-19 infection have a 
higher risk of being admitted to the ICU during 
infection and a higher risk of death. 
Hypertension is the most common 
cardiovascular comorbidity that appears to 
significantly increase the risk of death in 
COVID-19 patients. 38 In this study, analysis of 
the relationship between comorbidities and 
the severity of COVID-19 in this study did not 
find a significant relationship. This may be due 
to differences in study subjects and patient 
characteristics that have clinical implications 
for the severity of COVID-19. 

We found several limitations in this study: 
(1) this study used a cross-sectional approach 
so that it only saw several limited data and 
conditions that occur at one point in time. 
Changes that may occur before and after 
taking were not carried out in this study, so 
they cannot explain a causal relationship; (2) 
the data were taken retrospectively using 
secondary medical record data and had a risk 
of recall bias. This limitation was solved by 
cross-matching between medical record data, 
other written reports, and laboratories; (3) 
differences in population conditions, 
comorbidities, examinations, and guidelines 
that cannot be controlled make the possibility 
for differences in disease outcomes so it must 
be very careful to generalize the data to other 
populations. 

 

Conclusions 
This study found that LDH and NLR levels 

were significantly associated with the severity 
of COVID-19, while CRP levels were not 
associated with the severity of COVID-19. 
Further study is recommended to determine 
several biomarkers to predict COVID-19 
severity. 
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