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Abstract. Severe acute respiratory syndrome corona‑
virus 2 (SARS‑CoV‑2) caused Coronavirus disease 2019 
(COVID‑19) in early December, 2019. The disease begins as 
a respiratory disease with varied outcomes, from complete 
recovery to long‑standing complications, such as respiratory 
distress, heart ailments and stroke. The present study was 
undertaken to identify the derangements in liver function 
and inflammatory status which may be used to diagnose 
the severity and thus assess the prognosis of patients with 
COVID‑19 infection. The present study was conducted at a 
tertiary care teaching hospital. The study population included 
456 patients with COVID‑19, confirmed by the reverse tran‑
scription‑PCR of nasopharyngeal swabs for SARS‑CoV‑2. 
Data were collected from patient files. The study was 
approved by the institutional ethics committee. Data are 
expressed based on the normality of distribution. Variables 
were compared and correlation analyses were performed. 
Receiver operating characteristics and the Youden index 
were applied to obtain cut‑off values. The results revealed 
an increase in C‑reactive protein (CRP), ferritin, D‑dimer, 
lactate dehydrogenase (LDH), aspartate aminotransferase 
(AST) and total bilirubin levels. In addition, there was 
evidence of leukocytosis, neutrophilia, lymphopenia and an 
increased neutrophil‑to‑lymphocyte ratio (NLR). The NLR 
exhibited an area under the curve of 0.77, with a cut‑off value 
of 2.23 mg/l. Collectively, the findings of the present study 
demonstrate that the CRP, LDH, neutrophil and eosinophil 

counts along with the total leucocyte counts and absolute 
lymphocyte counts, NLR, erythrocyte sedimentation rate, 
D‑dimer, ferritin and AST levels serve to predict the severity 
and prognosis of patients with COVID‑19. AST appears to 
be a more sensitive marker than alanine aminotransferase. 
However, the De Ritis ratio, although not as sensitive as AST, 
may provide insight towards morbidity.

Introduction

Coronavirus disease 2019 (COVID‑19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2). 
The disease began in Wuhan, the capital of Hubei Province in 
China and soon developed into a global pandemic on March 
11, 2020. The measures taken to prevent or contain the disease 
were not successful due to the rapidity of spread within the 
individual, as well as within the community (1). The incuba‑
tion period of the virus is between 2 days to 2 weeks, during 
which time, the patient is asymptomatic, yet infectious. By the 
time the patients present with symptoms, the severity of the 
disease can be mild to moderate, depending on the presence of 
metabolic disorders, such as obesity, diabetes mellitus, hyper‑
tension and chronic obstructive pulmonary disease, amongst 
others (2).

When  the virus  infects  the host,  a battery of  inflam‑
matory responses is initiated to combat the pathogen. The 
inflammatory response is not terminated with scavenging 
the virus alone; it also damages tissues surrounding the area 
infected by the viral pathogen, as well as organs remote from 
the place of origin of infection. Thus, COVID‑19‑infected 
individuals tend to have systemic disease with the involve‑
ment of various organs, such as the heart, liver, central 
nervous system, blood vessels and lungs. The estimation of 
the extent of injury to these organs may guide clinicians as 
regards the extent or severity of the disease. Based on these 
features, the appropriate disease management can be initi‑
ated at the appropriate time (1). The present retrospective 
study was undertaken to identify the derangements in liver 
function and inflammatory biomarkers, which may be used 
to diagnose the severity and thus assess the prognosis of 
patients with COVID‑19 infections.
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Patients and methods

Study design and setting. The present study was a retrospec‑
tive study performed at the tertiary care teaching hospital, Sri 
Ramachandra Institute of Higher Education and Research in 
Chennai, India. The study population included patients with 
COVID‑19, between June and August, 2020, aged >18 years, 
which was confirmed by reverse transcription‑PCR of naso‑
pharyngeal swabs for SARS‑CoV‑2 (assessed at one of the 
Indian Council of Medical Research‑approved laboratories 
for RNA virus nucleic acid amplification tests). Patients 
discharged against medical advice for whom outcomes were 
not known were excluded from the study.

Classification of study population. The division of the patients 
into groups was based on peripheral oxygen saturation, respi‑
ratory rate and CT scan findings. The study population was 
subdivided into three groups as mild, moderate and severe 
based on peripheral oxygen saturation and respiratory rate. 
Mild, moderate and severe cases had an oxygen saturation of 
≥94, 91‑93 and ≤90%, respectively and respiratory rates of 
≤23, 24‑29 and ≥30 breaths/min, respectively (3). A CT scan 
of the chest was also used for grading the patients. According 
Bernheim et al (4), the degree of involvement of each lobe 
of the lungs was assessed and classified as none, minimal, 
mild, moderate and severe with the involvement of 0 (score 
0), 1‑25% (score 1), 26‑50% (score 2), 51‑75% (score 3) and 
76‑100% (score 4) of lobe involvement, respectively. The sum 
of involvement of the five lobes of the lungs was presented 
as scores from 0 to 20 as the total severity score. The sum 
of the lobar scores indicated the overall severity: Total score 
(numerical) of ≤7, mild; 8‑17, moderate; ≥18, severe (4). A 
patient with a body temperature >100˚F was considered as 
febrile. A prolonged hospital duration was considered if the 
hospital stay was >10 days.

Data collection. Data collection was carried out by the manual 
perusal of inpatient case sheets, investigations of computer‑
ized patient data systems and the transcription database for 
discharge summaries. Details of basic demographic charac‑
teristics, and information for symptoms, such as fever, throat 
pain, cough, dyspnea, diarrhea, anosmia and myalgia, hemo‑
dynamic parameters upon admission and during the course of 
stay, daily clinical assessment, initial laboratory tests, such as 
complete blood count, liver function tests [bilirubin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase, albumin, C‑reactive protein (CRP)] and 
the detection of serum ferritin, lactate dehydrogenase (LDH) 
and D‑dimer levels were collected. The laboratory parameters 
were analyzed using standard accepted methods in the National 
Accreditation Board for Testing and Calibration Laboratories 
(NABL) accredited Sri Ramachandra Laboratory services. In 
addition, information regarding chest imaging, medications 
administered (steroids, heparin, remdesivir and antibiotics), 
oxygen support, organ dysfunction, secondary sepsis and final 
outcome were collected and deidentified for personal details 
prior to the analysis. The primary outcomes of interest in the 
study were clinical severity, elevated inflammatory marker 
levels, high D‑dimer levels, a prolonged hospital duration and 
the condition of the patients at discharge.

Ethics statement. The present study was approved by the 
Institutional Ethics Committee of Sri Ramachandra Institute 
of Higher Education and Research, with a waiver of informed 
consent of patients, as permitted by the national regulatory 
body (IEC‑NI/20/AUG/75/49, dated 08‑08‑2020). Patient 
identification was de‑identified reversibly for the purpose of 
the analysis.

Statistical analysis. Normality distribution was evaluated using 
the the Kolmogorov‑Smirnov test for all variables. Depending 
on the presence or absence of the normality of distribution, 
data are expressed as the mean ± standard deviation or the 
median and interquartile range (IQR). Between‑group differ‑
ences of variables were compared using one‑way ANOVA 
followed by Tukey's post hoc test. The association between 
variables was obtained by Pearson's correlation analysis. 
Receiver operating characteristics (ROC) curve analysis was 
performed to estimate the area under the curve (AUC) with the 
95% confidence interval (CI) and the cut‑off point according 
to the Youden index. All statistical analyses were conducted 
using R statistical software version 4.0.2 (The R Project for 
Statistical Computing; https://www.r‑project.org/). P<0.05 was 
considered to indicate a statistically significant difference.

Results

In the present study, 456 patients with confirmed COVID‑19 
infection (277 males and 179 females) were included in the 
analysis. The median age of the patients was 54 years (IQR, 
41‑68). Of  the  456 patients,  324 patients  (71%) had mild, 
66 patients (14.5%) had moderate and 66 patients (14.5%) had 
severe COVID‑19 infection. The baseline demographic and 
laboratory parameters of the study population are presented 
in Table I. The most common presenting clinical features 
were fever, sore throat, cough, dyspnea, diarrhea, anosmia 
and myalgia in the order of occurrence. The patients in the 
younger age group with an age of 48.85±14.50 years recovered 
completely. Leukocytosis with progressive neutrophilia and 
lymphopenia, and an increased neutrophil‑to‑lymphocyte 
ratio (NLR) were noted in patients with mild to severe disease. 
The concentrations of liver function markers in the three study 
groups are presented in Table II. There was highly significant 
increase in AST, ALT and total bilirubin levels from the mild 
to severe disease groups. The ROC curve of hematological 
markers is illustrated in Fig. 1. The AUC was found to be high 
for the NLR, eosinophil count and D‑dimer levels. The ROC 
curves of various inflammatory and liver function markers 
are presented in Fig. 2. The AUC was found to be high for 
the CRP and LDH levels, and the neutrophil count. The AUC 
of the various hematological, inflammatory and liver func‑
tion markers among the three study groups are presented 
in Table III. According to the AUC values, the studied 
biomarkers were categorized into four groups for predicting 
the severity and prognosis of COVID‑19 infection as follows: 
i) AUC 1.0‑0.8, excellent diagnostic accuracy (CRP, LDH 
and neutrophil counts); ii) AUC 0.8‑0.6, very good diagnostic 
accuracy [NLR, eosinophil count, erythrocyte sedimentation 
rate (ESR), D‑dimer, ferritin, total white blood cell (WBC) 
counts, absolute lymphocyte counts (ALC) and AST]; iii) AUC 
0.6‑0.5, good diagnostic accuracy (De Ritis and ALT); and 
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iv) AUC <0.5, poor diagnostic accuracy (lymphocyte differen‑
tial counts and monocyte differential counts).

The results of the correlation analysis between the De Ritis 
ratio and other markers of liver function and inflammatory 

Table I. Levels of the inflammatory markers of the study participants.

 Mild n=324 Moderate Severe n=66 ANOVA Tukey's post hoc
Parameters  (72%)  n=66 (14%)  (14%)  P‑value   analysis: P‑value

Age (years) 48.85±14.50 56.63±11.5 61.47±11.03 <0.001 Mild‑moderate=0.01
     Mild‑severe=0.002
     Moderate‑severe=0.05
Sex (M/F) (n, %)  188/136  45/21  44/22 (67/33%)  0.04  ‑
  (58/42%)  (68/32%)
Length of hospital stay (days) 5.1±2.8 8.5±3.2 17.6±5.2 <0.00001 Mild‑moderate=0.00001
     Mild‑severe=0.00001
     Moderate‑severe=0.00001
Hb (g%)a 12.92±1.72 12.42±1.79 12.35±2.00 0.06 ‑
Total WBC count (cells/mm3)b 5,900 6,700 8,961 <0.001 Mild‑moderate=0.074
 (2,000‑15,800) (2,500‑14,700) (3,800‑43,000)  Mild‑severe=0.001
     Moderate‑severe=0.002
Neutrophil count (%)a 58.29±12.66 72.35±12.69 77.30±11.54 <0.001 Mild‑moderate=0.006
     Mild‑severe=0.002
     Moderate‑severe=0.07
Lymphocyte count (%)b 30.11 (2.3‑61.0) 18.35 (2.5‑41.2) 14.30 (1.4‑38.4) <0.001 Mild‑moderate=0.0001
     Mild‑severe=0.002
     Moderate‑severe=0.086
Monocyte count (%)a 9.38±3.13 7.71±3.51 7.12±3.69 <0.001 Mild‑moderate=0.01
     Mild‑severe=0.001
     Moderate‑severe=0.56
Eosinophil count (%)b 0.81 (0‑34) 0.25 (0‑6.1) 0.11 (0‑3.9) 0.002 Mild‑moderate=0.02
     Mild‑severe=0.006
     Moderate‑severe=0.89
NLRb 1.94 3.96 5.36 <0.001 Mild‑moderate=0.001
 (0.23‑26.91) (1.06‑35.08) (1.22‑68.36)  Mild‑severe=0.001
     Moderate‑severe=0.06
ALC (cells/mm3)b 1,694 1,084 1,016 <0.001 Mild‑moderate=0.0001
 (312‑5,707) (345‑3,321) (215‑2,656)  Mild‑severe=0.001
     Moderate‑severe=0.99
ESR (mm/h)b 12 (1‑95) 36 (7‑87) 37 (5‑53) 0.02 Mild‑moderate=0.001
     Mild‑severe=0.24
     Moderate‑severe=0.10
CRP (mg/l)b 0.80 (0.1‑75) 7.35 (0.2‑46.5) 6.90 (0.3‑36.6) <0.001 Mild‑moderate=0.001
     Mild‑severe=0.001
     Moderate‑severe=0.68
Ferritin (ng/ml)b 103.6 239.0 303.9 0.0001 Mild‑moderate=0.02
 (4.3‑4,820.0) (14.5‑1,683.0) [28.8‑7,500.0]  Mild‑severe=0.001
     Moderate‑severe=0.01
D‑dimer (mg/l)b 0.40 0.81 0.89 <0.001 Mild‑moderate=0.51
 (0.01‑21.00) (0.12‑4.95) (0.23‑59.64)  Mild‑severe=0.001
     Moderate‑severe=0.001
LDH (U/l)b 225 (18‑946) 324 (117‑645) 411 (199‑978) <0.001 Mild‑moderate=0.001
     Mild‑severe=0.002
     Moderate‑severe=0.001 

aValues of mild, moderate and severe are expressed as the mean ± SD; bvalues of mild, moderate and severe are expressed as the median and 
range. Hb, hemoglobin; WBC, white blood cell; NLR, neutrophil‑to‑lymphocyte ratio; ALC, absolute lymphocyte count; ESR, erythrocyte 
sedimentation rate; CRP, C‑reactive protein, LDH, lactate dehydrogenase.
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markers are presented in Table IV. Of the liver function 
parameters examined, the De Ritis ratio exhibited positive 
correlations with total bilirubin and AST, and negative corre‑
lations with serum albumin and ALT. When compared with 
the inflammatory markers, the De Ritis ratio exhibited a posi‑
tive correlation with D‑dimer levels, and negative correlations 
with hemoglobin levels and the WBC count. The results of the 
correlation between the NLR and other inflammatory markers, 
as well as liver function markers are presented in Table V. 
NLR exhibited positive correlations with the neutrophil 
count, CRP, ferritin, D‑dimer and LDH levels, and negative 
correlations with the lymphocyte count and monocyte count. 
When compared with liver function markers, NLR exhibited a 
positive correlation with ALT, and a negative correlation with 
serum albumin levels.

Discussion

When COVID‑19 infection progresses to severe disease, it has 
been found to present a systemic manifestation with multiorgan 
failure and septicemia, which manifests as acute respiratory 
distress syndrome, respiratory failure, acute liver injury, renal 
injury or failure and cardiovascular manifestations (5). Few 
patients exhibit an  inadequate pro‑inflammatory response, 
resulting in severe disease manifestations. This presentation is 
known as the cytokine response syndrome (CRS) or cytokine 
storm syndrome (CSS) (1,6). The present study demonstrated 
that patients with severe disease were in the age group of 
61.47±11.03 years, during which the onset of comorbid condi‑
tions was observed. COVID‑19 has predominantly affected 

Table II. Levels of liver function parameters in the study participants.

Parameters Mild n=324 Moderate n=66 Severe n=66 P‑value Tukey's post hoc analysis P‑value

AST (U/l)a 29 (14‑159) 37 (3‑288) 47 (25‑143) 0.006 Mild‑moderate=0.008
     Mild‑severe=0.11
     Moderate‑severe=0.82
ALT (U/l)a 26 (8‑128) 29 (10‑313) 73 (20‑148) 0.003 Mild‑moderate=0.17
     Mild‑severe=0.02
     Moderate‑severe=0.20
De Rittis ratioa 1.21 (0.45‑3.13) 1.31 (0.08‑5.54) 0.97 (0.45‑2.35) 0.56 ‑
Serum albumin (g/dl)b 4.14±0.42 3.70±0.37 3.64±0.57 0.09 Mild‑moderate=0.001
     Mild‑severe=0.001
     Moderate‑severe=0.99
Total bilirubin (mg/dl)a 0.54 (0.19‑2.30) 0.61 (0.19‑12.83) 0.83 (0.3‑3.1) 0.008 Mild‑moderate=0.04
     Mild‑severe=0.28
     Moderate‑severe=0.91
Direct bilirubin (mg/dl)a 0.11 (0.04‑9.0) 0.17 (0.06‑6.62) 0.18 (0.05‑1.78) 0.74 ‑

aValues of mild, moderate and severe are expressed as median and range; bValues of mild, moderate and severe are expressed as the mean ± SD. 
AST, aspartate transaminase; ALT, alanine transaminase.

Figure 1. Receiver operating characteristics curves of eosinophil counts, 
ALC, NLR, D‑dimer levels, ferritin levels and the De Ritis ratio. ALC, abso‑
lute lymphocyte count; NLR, neutrophil‑to‑lymphocyte ratio.

Figure 2. Receiver operating characteristics curves of neutrophil, lympho‑
cyte and monocyte counts, and total WBC counts, ESR, CRP, LDH, AST 
and ALT levels. WBC, white blood cell; CRP, C‑reactive protein; ESR, 
erythrocyte sedimentation rate; LDH, lactate dehydrogenase; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase.
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males compared with females; this may possibly be due to 
the increased prevalence of comorbid conditions in males. In 
addition, the number of males admitted to the hospital was 
markedly higher than the number of female patients, which 
may be a confounder. In the present study, the number of 
males affected with the mild, moderate and severe forms of 
the disease were 58, 68 and 67%, respectively (Table I). The 
length of hospital stay was also proportionate to the severity 
of the disease, being 5.1±2.8, 8.5±3.2 and 17.6±5.2 days in the 
mild, moderate and severe groups, respectively (Table I).

According to the study by Ali et al (6), it was found that older 
individuals, particularly those with underlying co‑morbidities 
had a higher risk of developing severe disease. Patients who 
developed severe disease required an extended hospital stay 
mostly in the intensive care unit (ICU) with mechanical venti‑
lation (6). The clinical course of the disease is influenced by the 
age of the patient, the presence of comorbidities, the severity of 
symptoms and the lymphopenia level. Patients who require a 
longer hospital stay have been shown to have higher incidences 
of complications and secondary bacterial infections (7,8). The 
median age of survivors and non‑survivors has been shown 
to be 54 and 70 years, respectively (9). The median age of 
patients who experience severe outcomes is 65 years, and 75% 
of these patients are males (10). As previously demonstrated, 
a chest CT scan of patients with COVID‑19 has demonstrated 
various patterns and degrees of involvement of the lungs. Male 
patients with severe COVID‑19 infection have been shown to 
exhibit lower levels of testosterone and dihydrotestosterone 
than other male patients with COVID‑19 infection; however, 
the role of these hormones remains unclear (11).

Patients with COVID‑19 are assessed for multiorgan 
failure so that early ICU care with assisted mechanical ventila‑
tion may be initiated. Routine laboratory blood tests have been 

found to add value to radiological and clinical features (12). In 
the present study, serially increasing total WBC counts were 
observed among the COVID‑19 cases and these increases were 
statistically significant, and were more pronounced between 
the moderate and severe cases (P=0.002; Table I). The AUC 
for the WBC count was 0.64 with a 95% CI of 0.56‑0.72 with 
a cut‑off of 5,750 cells/mm3 (Fig. 2 and Table III). In addition, 
progressive lymphopenia was observed from mild to severe 
disease, particularly between the mild and moderate groups 
(P=0.0001; Table I). Statistically significant decreases were 
observed in the monocyte (P=0.01) and eosinophil (P=0.02) 
counts between patients with mild and moderate COVID‑19 
infection (Table I). Widespread systemic inflammation has 
been shown to lead to thrombotic, vascular and ischemic 
injury with multiorgan damage (13). Hyperinflammation 
leads to the progression of disease to a severe form with 
severe outcomes (14). As per the metanalysis conducted by 
Zenga et al (15), the assessment of inflammatory markers may 
guide clinicians in making decisions regarding the severity of 
the disease.

Lymphopenia may be due to the direct injury of lympho‑
cytes, resulting in the altered structure and/or function of 
lymphocytes. Thus, lymphopenia may be considered a hallmark 
of SARS‑CoV‑2 infection, even in mild cases of infection. The 
degree of lymphopenia may address the severity of the disease 
and the onset of complications (12). Interleukin‑6 (IL‑6) plays 
a role in the apoptosis of T‑lymphocytes. The CSS‑induced 
bone marrow suppression of lymphocyte production, as well as 
the overconsumption of lymphocytes subsequent to inflamma‑
tory reactions occur in the lungs (11,13,16). Researchers have 
also documented the decrease in the eosinophil count (12). In 
the present study, there was gradual decrease in the eosinophil 
count from mild to severe disease. The combination of low 

Table III. AUC of the biochemical parameters of the study participants.

Variables  AUC  SE  95% CI  Cut‑off value  P‑value

Total WBC count 0.64 0.043 0.56 to 0.72 5750 0.002
Neutrophil count  0.828 0.032 0.76 to 0.89 65.4 0.0001
Lymphocyte count  0.178 0.030 0.11 to 0.23 ‑ 0.0001
Monocytes count  0.38 0.052 0.28 to 0.49 ‑ 0.01
Eosinophil count   0.71 0.02 0.66 to 0.76 0.35 0.001
ALC 0.60 0.05 0.48 to 0.71 ‑ 0.08
NLR 0.77 0.45 0.68 to 0.85 2.23 0.001
ESR  0.74 0.041 0.66 to 0.82 22.5 0.001
D‑dimer   0.72 0.05 0.62 to 0.82 0.54 0.001
Ferritin   0.71 0.05 0.61 to 0.81 173.60 0.001
CRP  0.825 0.03 0.76 to 0.88 1.79 0.0001
LDH  0.808 0.036 0.73 to 0.88 240.5 0.0001
AST  0.63 0.07 0.49 to 0.77 71 0.04
ALT  0.56 0.05 0.42 to 0.69 ‑ 0.34
De Ritis ratio 0.51 0.06 0.39 to 0.63 ‑ 0.74 

Values in bold font indicate statistically significant differences (P<0.05). AUC, area under the curve; SE, standard error; CI, confidence interval; 
WBC, white blood cell; NLR, neutrophil‑to‑lymphocyte ratio; ALC, absolute lymphocyte count; ESR, erythrocyte sedimentation rate; CRP, 
C‑reactive protein, LDH, lactate dehydrogenase; AST, aspartate transaminase; ALT, alanine transaminase.
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lymphocytes and eosinophils is a strong indicator of the pres‑
ence of infection (12,17).

The present study demonstrated a statistically significant 
increase in the neutrophil count (P=0.001), particularly 
between between mild and moderate cases (P=0.006). The 
AUC was 0.828 with a cut‑off value of 65.4% (Fig. 2 and 
Table III). The NLR also steadily increased with the severity 
of infection (P<0.001), more so between the mild and moderate 
cases (P=0.001; Table I). Lymphopenia along with neutrophilia 
represented by the NLR, was considered to be a better indicator 
of prognosis of COVID‑19 infection. Studies have demon‑
strated that the WBC count, neutrophil absolute count, NLR 
and the platelet‑to‑lymphocyte ratio were significantly higher 
in patients in the ICU with severe disease (7,18). According to 
Zhao et al (9), survivors and non‑survivors had normal absolute 
neutrophil counts, although survivors had significantly lower 
neutrophil counts than non‑survivors. Patients with moderate 
to severe infection with a WBC count >10,000 cells/mm3 have 
been shown to require inpatient treatment (10). As previously 
demonstrated, the lower the lymphocyte count and the longer 
the duration of lymphopenia, the poorer the prognosis (19).

Macrophages have been found to play a central role both 
at the onset and during SARS‑CoV‑2 infection (20,21). In the 
present study, the AUC for NLR was 0.77 with a 95% CI of 
0.68‑0.85 (P=0.001) and a cut‑off value of 2.23 (Fig. 1 and 
Table III). NLR also exhibited a positive correlation with the 
total WBC count, neutrophil count, and with the ALT, CRP, 

ferritin, D‑dimer and LDH levels. The NLR exhibited a negative 
correlation with lymphocytes, monocytes and serum albumin 
levels (Table V). In addition, there was significant increase in 
the ESR (P=0.02; Table I). The AUC was 0.74 with a 95% 
CI of 0.66‑0.82 (P=0.001) and a cut‑off value of 22.5 mm/h 
(Fig. 2 and Table III). ESR can be used along with CRP levels 
as inflammatory markers to assess the outcomes of patients 
with COVID‑19 infection (12). ESR levels have been found to 
exhibit a significant negative correlation with albumin levels. 
Increased fibrinogen in acute inflammatory conditions can 
cause an increased ESR. Albumin exerts a suppressive effect 
on ESR; hence, in COVID‑19‑infected patients, particularly 
those with severe infection, when the serum albumin levels 
decrease, the ESR tends to increase (10,22).

Inflammation induces alveolar injury and hypoxemia acti‑
vates the vascular endothelial response, which then augments 
thrombus formation (23). IL‑6, through the Janus kinase 
(JAK)/signal transducer and activator of transcription (STAT) 
pathway leads to in increased transcription of acute phase 
proteins (24‑26). The dysregulated immune response is char‑
acterized by a substantial reduction in peripheral lymphocyte 
counts in patients with COVID‑19, and is associated with a high 
risk of developing secondary bacterial infections (27). In the 
present study, a significant progressive increase in CRP (P<0.001) 
was observed. The AUC for CRP was 0.825 with a 95% CI of 
0.76‑0.88 (Fig. 2 and Table III). In addition, the WBC count, and 
D‑dimer, CRP and LDH levels were found to play a role in the 
assessment of the prognosis of patients with COVID‑19. There 
was significant increase in D‑dimer levels as the disease severity 
progressed (P<0.001; Table I). The levels of CRP and other 
pro‑inflammatory cytokines, chemokines and NLR have been 
shown to be increased in severe cases of COVID‑19, possibly due 
to a hyper‑inflammatory response in these individuals (28). CRP 
levels >10 mg/l may aid in assessing the prognosis of patients 
with severe COVID‑19 infection (29). In SARS‑CoV‑2 infection, 
the state of coagulopathy is presumed to be precipitated by the 
complex interaction between inflammatory and pro‑thrombotic 
factors (30). Coronavirus causes endothelial inflammation and 
injury, resulting in disseminated intravascular coagulation. 
Patients with D‑dimer levels >1 mg/l have been shown to have 
an unfavorable disease progression (6,12,13,31).

In the present study, ferritin levels exhibited a significant 
increase as the disease advanced to a severe form (P=0.0001; 
Table I) The AUC for ferritin was 0.71 (P=0.001) with a cut‑off 
value of 173.60 ng/ml (Fig. 1 and Table III). Ferritin, as a posi‑
tive acute phase protein, is considered to be a marker of adverse 
outcomes in individuals infected with SARS‑CoV‑2. (12,32). 
The present study also observed a significant increase in 
LDH levels (P<0.001; Table I). The AUC for LDH was 0.808 
(P=0.0001) with a cut‑off value of 240.5 U/l (Fig. 2 and 
Table III). LDH is a non‑specific marker of  tissue damage. 
Studies have demonstrated that ~50% of infected individuals 
have increased CRP, LDH and ferritin levels, and an increased 
ESR (9,33,34). These alterations may be due to the severe 
systemic immune response characteristic feature of CSS (13). 
In patients with COVID‑19, the blood levels of D‑dimer and 
LDH have been shown to exhibit a strong positive association 
with mortality (10,35). In patients with COVID‑19, the NLR 
has been shown to exhibit a positive correlation with CRP, 
LDH, ferritin, D‑dimer and troponin‑I levels; these variables 

Table IV. Correlation between De Ritis ratio and other param‑
eters in patients with COVID‑19.

Parameters  Correlation coefficient (r)  P‑value

Hb  ‑0.42 <0.001
Total WBC count ‑0.23 0.003
Neutrophil count  ‑0.14 0.08
Lymphocyte count  0.12 0.11
Monocytes count  0.14 0.07
Eosinophil count  ‑0.009 0.91
NLR ‑0.15 0.06
Serum albumin  ‑0.24 0.002
ESR 0.16 0.05
CRP  ‑0.001 0.99
Total bilirubin   0.53 0.001
Direct bilirubin   ‑0.18 0.84
AST  0.30 0.001
ALT ‑0.29 0.003
Ferritin  ‑0.18 0.02
D‑dimer 0.35 <0.001
LDH ‑0.01 0.88 

Values  in  bold  font  indicate  statistically  significant  differences 
(P<0.05). Hb, hemoglobin; WBC, white blood cell; NLR, neutro‑
phil‑to‑lymphocyte ratio; ALC, absolute lymphocyte count; ESR, 
erythrocyte sedimentation rate; CRP, C‑reactive protein, LDH, 
lactate dehydrogenase; AST, aspartate transaminase; ALT, alanine 
transaminase.
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may suggest the duration of hospital or ICU stay, as well as 
disease outcomes (7).

Patients with severe COVID‑19 infection also exhibit 
a high incidence of liver involvement during their clinical 
course (20,36). COVID‑19 may affect multiple organs due to 
disseminated intravascular coagulation (DIC), and hypoxia 
with hypoperfusion, leading to shock (37). Elevated levels of 
transaminases and bilirubin along with decreased albumin 
and prealbumin levels have also been found in patients with 
COVID‑19 with suspected liver inflammation or injury. The 
involvement of the liver in COVID‑19 is indicative of a poor 
outcome. In addition, certain drugs used in the treatment of 
COVID‑19 have been found to aggravate liver damage (13). In 
the present study, the levels of AST exhibited a steady increase 
as the severity of the disease increased (P=0.006; Table I). The 
AUC for AST was 0.63 with a cut‑off value of 71 U/l (Fig. 2 and 
Table III). The ALT levels also exhibited a statistically signifi‑
cant increase (P=0.003). The AUC for ALT was 0.56, which was 
lower than that of AST (Fig. 2 and Table III). The AST:ALT (De 
Ritis) ratio did not exhibit a statistically significant difference, 
unlike the results obtained from other studies (38‑40). This may 
be due to the fact that in the present study, the distribution of 
study participants was not the same in the various groups: 72, 14 
and 14% in mild, moderate and severe cases, respectively.

The De Ritis ratio is more likely to increase when the 
severity or chronicity of the disease is high. An altered De Ritis 
ratio has been found to be associated with hyperbilirubinemia 

in patients (38). Moderate to severe liver damage is character‑
ized by a De Ritis ratio <1.0, whilst severe liver diseases are 
associated with values >1.0 (39,40). According to the study by 
Zinellu et al (39), the median De Ritis ratio was 1.33, similar to 
that reported by Yazar et al in their cohort (38). Furthermore, 
according to the study by Qin et al (41), the cut‑off value of 
the De Ritis ratio was found to be 1.38; patients with a De 
Ritis ratio >1.38 upon admission have a significantly poor 
survival (41). With the hepatic proportion of the AST:ALT 
ratio of 2.5:1, the hepatocyte turnover may result in a much 
higher amount of AST in serum compared to ALT. AST has 
a shorter half‑life of 18 h compared with ALT, which has a 
half‑life of 36 h. Hence, the serum levels of AST and ALT 
are fairly similar in healthy individuals. AST is present in the 
cytoplasm and mitochondria, whereas ALT is present only in 
the cytoplasm, although at a much higher concentration than 
AST (42). In the present study, the De Ritis ratio exhibited a 
positive correlation with the total bilirubin, D‑dimer and AST 
levels, and a negative correlation with the hemoglobin, total 
WBC, serum albumin and ALT levels (Table IV).

In the present study, there was a significant increase in total bili‑
rubin levels between mild and moderate cases (P=0.04; Table I). 
The serum albumin levels however, did not exhibit a statistically 
significant difference between the groups (P=0.09; Table II). 
Albumin is considered to be a negative acute phase reactant with 
low blood levels in acute inflammation and is inversely associated 
with the extent of systemic inflammation. In COVID‑19 infection, 
an inverse association has been found between serum albumin 
levels and the severity of the disease (43). In the present study, 
in severe cases, there was a significant increase in LDH levels, 
but not in AST levels. This may be due to rhabdomyolysis due to 
direct viral invasion into myocytes. In addition, it may be due to 
the viral toxin‑induced injury deposition of viral antigen antibody 
immune complexes or due to T‑cell mediated injury as part of 
the manifestation of CSS (11,44). Decreased WBC counts and 
platelets, along with an increased NLR and ferritin levels helps 
in assessing prognosis and appropriate treatment according to the 
severity of COVID‑19 (45).

The present study was a retrospective study. Hence, infor‑
mation on IL‑6, prothrombin, partial thromboplastin time, 
etc. could not be obtained. Moreover, this was a single‑center 
study; thus, the population distribution and the severity of the 
patients who presented to the hospital would have played a 
major role in the findings of the study. The number of patients 
in the moderate and severe groups was less, which again may 
have compromised the results regarding liver function.

COVID‑19 disease is characterized by extensive inflamma‑
tion and various tissue involvement according to the severity of 
the disease. Hence, increased levels of inflammatory markers, 
as well as markers of organ involvement, such as the liver indi‑
cate that the disease has progressed from moderate to severe 
disease. The present study indicated there was widespread 
inflammation, with alterations in inflammatory markers, such 
as leukocytosis, neutrophilia, lymphopenia, and an increased 
NLR, as well as also increased levels of inflammatory markers, 
such as CRP, ferritin, LDH and D‑dimer levels. Organ (liver) 
involvement was evidenced by increased levels of transami‑
nases and increased total bilirubin. Furthermore, a correlation 
was found between the NLR and total WBC count, mono‑
cytes, albumin, CRP, ALT, ferritin, D‑dimer and LDH levels. 

Table V. Correlation between NLR and other parameters in 
patients with COVID‑19.

Parameters  Correlation coefficient (r)  P‑value

Hb ‑0.17 0.0002
Total WBC count 0.55 0.001
Neutrophil count  0.63 0.001
Lymphocyte count  ‑0.62 0.001
Monocytes count  ‑0.35 0.0001
Eosinophil count  ‑0.14 0.02
De Ritis ratio ‑0.15 0.06
Serum Albumin ‑0.26 0.001
ESR 0.17 0.007
CRP 0.39 0.001
Total Bilirubin 0.12 0.12
Direct Bilirubin  ‑0.02 0.79
AST 0.13 0.09
ALT  0.24 0.002
Ferritin 0.23 0.001
D‑Dimer 0.22 0.001
LDH 0.31 0.001

Values  in  bold  font  indicate  statistically  significant  differences 
(P<0.05). Hb, hemoglobin; WBC, white blood cell; NLR, neutro‑
phil‑to‑lymphocyte ratio; ALC, absolute lymphocyte count; ESR, 
erythrocyte sedimentation rate; CRP, C‑reactive protein, LDH, 
lactate dehydrogenase; AST, aspartate transaminase; ALT, alanine 
transaminase.
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Such type of correlation was not observed for the De Ritis 
ratio. Hence, NLR and AST may be be better indicators of 
liver involvement than the De Ritis ratio in predicting systemic 
inflammation associated with liver injury or inflammation in 
patients with COVID‑19.
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