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ARTICLE INFO ABSTRACT

Received: Dec 12, 2024 COVID-19, in its early stages, causes severe acute respiratory distress

syndrome (ARDS) and acute respiratory symptoms. The administration of
Accepted: Jan 28, 2025 Remdesivir in severe COVID-19-infected patients may result in liver
damage, also known as Drug-Induced Liver Injury (DILI). Cytokeratin-18
(CK-18) is a potential biomarker for liver inflammation and injury in COVID-
19-infected individuals, particularly those receiving antiviral therapies such
Cytokeratin-18 (CK-18) as Remdesivir. Objective: This study evaluates CK-18 levels as an indicator
COVID-19 of DILI and its correlation with the inflammatory marker interleukin-6 (IL-
6) in COVID-19-infected individuals. Methods: A retrospective case-control
Remdesivir Therapy study was carried out on 176 samples, separated into three distinct groups:
Interleukin-6 (IL-6) 63 critical or severe COVID-19-infected patients treated in the intensive care

unit (ICU-admitted group), 88 moderate COVID-19-infected patients treated
in general hospital wards (non-ICU-admitted group), and 25 healthy
individuals serving as the control group. CK-18, IL-6, and liver enzyme levels
were measured, and statistical analysis was performed to identify
substantial differences and correlations. Results: The CK-18 levels of the
patients admitted to the ICU were substantially higher than those who were
not and the control group (p < 0.001). Post-Remdesivir therapy, CK-18 levels
increased significantly (p < 0.001). A substantial positive connection was
found between CK-18 and IL-6 levels (p = 0.001), highlighting their
combined role in inflammation and liver injury. Conclusion: CK-18 and IL-6
can serve as predictive biomarkers for liver damage and inflammation in
COVID-19 patients, particularly those requiring critical care. These findings
yessy.puspitasari@fk.unairac. underscore the need for further research into CK-18's application in
id managing severe COVID-19 cases.
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INTRODUCTION

SARS-CoV-2, known as COVID-19, was declared a pandemic in March 2020 by the WHO, months after
the first case emerged in Wuhan in December 2019. By March 2020, it had spread to more than 180
countries. COVID-19 belongs to the beta-coronavirus family that shares phylogenetic traits with
SARS-CoV. Droplet transmission from infected individuals to others in close contact is the primary
mode of transmission. Acute respiratory symptoms that occur in the early stages may develop into
ARDS and other severe complications, eventually leading to multiple organ failure (Jothimani et al,,
2020; Vitiello et al,, 2021).

Based on clinical symptoms and laboratory tests (WHO), COVID-19 infections can be divided into
critical, severe, moderate/mild, and mild. Approximately 81% of cases are categorized as
moderate/mild, while 14% and 5% of cases present severe and critical symptoms, respectively,
requiring hospitalization. Nearly 20% of hospitalized patients require intensive care unit (ICU)
treatment, and the mortality rate is alarmingly high at 61.5% due to various causes (Licata et al,,
2021; Mangalmurti & Hunter, 2020; Pawlotsky, 2020).
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There is currently no treatment known to be effective against COVID-19, and supportive care remains
the primary approach. However, numerous drug candidates have been proposed for COVID-19
therapy. In Indonesia, Remdesivir is administered for treating severe COVID-19 cases at hospitals
such as Dr. Soetomo General Academic Hospital (RSUD Dr. Soetomo), Surabaya (Nogai et al., 2021;
Ye et al,, 2020).

The administration of certain drugs for treating COVID-19 may result in drug-induced liver injury
(DILI), characterized by liver cell death. Research in China by Cai et al. has shown that COVID-19
patients receiving Lopinavir/Ritonavir antiviral therapy had four times higher risk of experiencing
liver injury than those who did not receive these drugs. Previous studies have also shown that
patients treated with Remdesivir experienced an increase in serum aminotransferase levels
(indicative of liver damage) by 15-50%. However, laboratory markers specifically indicating liver
damage due to DILI, such as Cytokeratin-18, are rarely reported in these studies (Henry et al., 2022;
Nogai et al,, 2021; Vitiello et al., 2021).

This study aims to analyze CK-18 levels in COVID-19 patients receiving Remdesivir therapy as a
parameter marker for liver damage caused by DILI and to determine the correlation between CK-18
levels and IL-6 as an inflammatory marker. The findings are expected to provide insight into CK-18
as a marker for liver damage due to DILI in COVID-19 patients.

METHODS

This study employed a retrospective case-control design. Data were obtained from 176 samples, of
which 151 were confirmed COVID-19 patients at RSUD Dr. Soetomo from October 2022 to November
2022. Ethical clearance was obtained from the Ethics Committee of RSUD Dr. Soetomo No:
0369/KEPK/11/2022, and all of the patient’s parents have agreed to give consent form.

Patients were diagnosed based on WHO guideline criteria and confirmed by RT-PCR. The 176
samples were separated into three distinct groups: 63 critical or severe COVID-19-infected patients
treated in the intensive care unit (ICU-admitted group), 88 moderate COVID-19-infected patients
treated in general hospital wards (non-ICU-admitted group), and 25 healthy individuals serving as
the control group.

The samples were included based on these criteria: age over 21 years, positive COVID-19 PCR results,
treatment in either the ICU or non-ICU, and an increase in ALT and AST levels exceeding three times
the normal range, and without a history of liver disease. Patients who required ICU treatment but did
not receive Remdesivir therapy and those who died within five days of Remdesivir administration
were excluded from the study. Patients with negative RT-PCR results, no COVID-19 symptoms, no
history of liver disease, and no use of drugs that could increase liver enzyme function were selected
as controls.

Peripheral blood samples were collected from each participant for further examination of AST, ALT,
IL-6, and CK-18 parameters using the ELISA method (Elabscience). Sample processing was
performed by competent personnel specifically assigned to this task and in accordance with the
reagent instructions for each examination.

All statistical analyses were conducted utilizing IBM SPSS version 25.0. The AST, ALT, IL-6, and CK-
18 examination results were reported as mean * standard deviation (SD). Clinical chemistry
parameter results between the groups were compared utilizing the Mann-Whitney U test and
presented as interquartile ranges (IQRs). Receiver operating characteristic (ROC) curve analysis and
area under the curve (AUC) were employed to investigate possible degrees of severity and to
determine the optimal cutoff for predicting severity in COVID-19. Statistical significance was defined
as a p-value of less than 0.05.

RESULTS
Patient characteristics

The total sample size for this study was 176 patients, all meeting the inclusion criteria. The mean age
of the 63 ICU-admitted patients (24 female and 39 male) was 51.05 years (SD 12.10 years). The mean
age of the 88 non-ICU-admitted patients (41 female and 47 male) was 52.8 (SD 15.91). Meanwhile,
the 25 healthy control patients (10 female and 15 male) had a mean age of 53.28 (SD 13.32). The p-
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values for age and gender among the three groups were 0.383 and 0.310, respectively, indicating no
substantial differences among the groups. Table 1 displays the characteristics of the COVID-19-

infected patients.

Table 1: Characteristic data

Parameter Control (25) Non-ICU- ICU-Admitted p-value
Admitted (88) (63)
Age 53.28 52.80 51.80 0.383a
Sex 0.310b
Female 10 41 24
Male 15 47 39
aUnpaired T-Test, PChi-square Test
Result analysis

The laboratory results for AST, ALT, and CK-18 parameters are presented in Table 2 and Figures 1-
3. The AST parameters of the patients receiving ICU care and those who did not were substantially
higher (111.69 and 88.56, respectively) than those of the healthy control group (29.86) (p < 0.005).
Meanwhile, the AST parameters of the [CU-admitted, non-ICU-admitted, and healthy control groups
did not differ substantially (p = 0.1771).

The CK-18 parameters of the ICU-admitted group (137.65) were substantially higher than those of
the healthy control group (39.18) but not exceeding those of the non-ICU-admitted group (67.32) (p
<0.001).

Table 2: Clinical chemistry parameter data

Parameter Control (25) Non-ICU- ICU-Admitted p-value
Admitted (88) (63)
AST (U/L) 29.86 29.86 111.69 0.0052
ALT (U/L) 44.08 44.08 102.76 0.171a
CK-18 (U/L) 39.18 39.18 137.65 0.0002
aMann-Whitney test
[ — I i
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Figure 1: AST Value Comparison: The AST levels of the patients receiving ICU care and those who did
not exceed those of the healthy control patients (p less than 0.001).
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Figure 2: ALT Value Comparison: The ALT levels of all the groups did not differ substantially (p less
than 0.171).

Status
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Figure 3: CK-18 Value Comparison: The CK-18 levels of the patients receiving ICU care and those who
did not were substantially different (p less than 0.001).

Table 3 and Figure 4 compare CK-18 levels before and after five days of Remdesivir therapy. CK-18
levels after therapy were substantially exceeded (220.99) CK-18 levels before therapy (57.54) (p less
than 0.001).

Table 3: CK-18 Data of the ICU-admitted patients before and after Remdesivir therapy

Parameter Pre-Therapy Post-Therapy p-value
CK-18 (U/L) 57.54 220.99 <0.001¢
< Wilcoxon
|

CK-18
g
g
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Figure 4: Comparison of CK-18 levels before and after remdesivir therapy: The CK-18 levels of the ICU-
admitted patients were significantly higher after therapy (p < 0.001).

In this study, IL-6 levels were also analyzed to determine the relationship between pro-inflammatory
mediators and intensive care requirements in COVID-19 patients. Using Spearman correlation
analysis, a significant relationship was found between IL-6 parameters and the need for intensive
care (p =0.001).

DISCUSSION

Among COVID-19-infected patients, males (57%) outnumbered females (43%), and the same was
true for ICU-admitted patients, where 31% were male and 27% were female. Older age and male sex
are epidemiologically connected to the prevalence of severe COVID-19 symptoms. Other research
has confirmed that male sex and increasing age are associated with worse disease severity. Advanced
age may increase the likelihood of worsening COVID-19 infection, likely due to a decline in T cell and
B cell function, which leads to a general weakening of the immune system (Bertolini et al., 2020;
Costela-Ruiz et al., 2020; Gao et al., 2021; Ye et al.,, 2020).

The mean AST levels of the patients receiving ICU care and those who did not, as well as the healthy
control group, were substantially different. The mean ALT levels of the patients receiving ICU care
and those who did not, as well as the healthy control group, were not substantially different.
However, the average ALT level of the [CU-admitted group exceeded that of the healthy control
group. This finding aligns with a study by Grein et al. (2020), demonstrating that 22% of COVID-19
patients receiving Remdesivir experienced liver enzyme increases. The increase in ALT and AST
levels in patients treated with Remdesivir was not excessive (less than five times the normal value).
Remdesivir therapy administered for 5 to 14 days was associated with minor increases in serum
aminotransferase levels (less than five times the normal upper limit) (Bertolini et al., 2020; Gao et
al,, 2021; Marjot et al., 2021).
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Based on research conducted by Gilead and the FDA, Remdesivir administration is not recommended
in COVID-19-infected patients with increased AST/ALT levels exceeding five times the normal value
(Jothimani et al., 2020).

The mean CK-18 levels of the patients receiving ICU care and those who did not, as well as the healthy
control group, were not substantially different. Several observational studies have demonstrated a
substantial increase in CK-18 levels in critically ill patients with ARDS, including those with COVID-
19. This demonstrates the potential of the CK-18 test in risk stratification for COVID-19-infected
patients, as well as its possible use as a quantitative biomarker for cell death to assess the
effectiveness of treatments in the early phases of clinical trials (Korver et al., 2021; Nogai et al., 2021).

In the correlation test, a substantial correlation was found between increased CK-18 levels and
elevated IL-6 levels in the ICU-admitted patients. Interleukin-6 serves as a predictor of an
uncontrolled inflammatory state, making it a valuable prognostic marker for confirmed COVID-19-
infected patients. This condition is associated with hypercytokinemia. Increased cell death rates may
also be influenced by TNF-q, IL-6, and IL-1, which are capable of inducing caspase-mediated cell
death. The observed positive correlation between CK-18 levels and inflammatory markers in this
study supports this finding (Costela-Ruiz et al., 2020; Gao et al., 2021; Sun et al., 2020).

This research faces multiple limitations. Firstly, it was conducted in only one health center. Secondly,
the sampling was inconsistent regarding the length of hospital stay. Future research should consider
uniform sampling methods to account for variations in the length of stay.

CONCLUSIONS

This study analyzed 176 samples, including 63 ICU-admitted patients and 88 non-ICU-admitted
patients. A substantial difference was found between the AST and CK-18 levels of the patients
receiving ICU care and those who did not. Additionally, a unidirectional correlation was observed
between the need for ICU care and IL-6 levels in COVID-19-infected patients.
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