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Abstract

Background : The COVID-19 pandemic has high mortality and morbidity. The lungs are
the main target organ with a variety of symptoms ranging from asymptomatic to
respiratory failure. Chest X-ray plays an important role in diagnosis, management, and
prognosis. One of the chest X-ray assessment systems used is the Radiology Severity
Index (RSI). Serum CRP and D-dimer levels can also be used to determine the severity of
COVID-19. The aimsof this study was to examine changes in RSI scores after remdesivir
therapyin COVID-19 patients with high CRP and D-dimer values.

Methods : A prospective cohort study of 64 COVID-19 patients at Dr. Kariadi Hospital
Semarang from July 2020 to July 2021. Each consisted of 32 patients with high CRP
(>5 mg/L) and D-dimer (>500 ng/mL) levels. Patients were given Remdesivir 200 mg
therapy on day 1, followed by 100 mg/day until day 9. Chest X-rays were performed
before and on day 7 after initial therapy. Patients with CHF, malignancy, autoimmune,
pulmonary TB, interstitial lung disease and receiving azythromycin therapy were
excluded from the study. Correlation analysis between variables was performed using the
Spearmanrho testand comparison test between groups. Significant results if p <0.05.
Results : There was a significant decrease in the RSl score of COVID-19 patients with high
CRP and D-dimer levels after therapy, from 21.97+16.88 and 21.22+19.92 t0 15.69+14.12
and 15.78+15.69, respectively (p<0.001). There was a weak significant relationship
between high CRP levels and pre-therapy RSl scores (r=0.473, p=0.006) and high D-dimer
levels and post-therapy RSl scores (r=0.362, p=0.041).

Conclusion : Remdesivir provides a significant correlation in the form of a decrease in RSI
scoresin COVID-19 patients with high CRP or D-dimer levels.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) was declared a
pandemic by the World Health Organization (WHO) on
March 11, 2020 due to the rapidity and scale of the
disease's transmission. As of April 6, 2021, WHO has
recorded 131,309,792 confirmed cases of COVID-19, with
a death toll of 2,854,276.2 cases. The clinical
manifestations of COVID-19 primarily attack the lungs,
and have a wide impact on other organs of the body, such
as the cardiovascular, gastrointestinal system, liver,
kidneys, eyes, and skin. The most common clinical
manifestations are cough, shortness of breath, fever, and
sore throat. In severe cases, acute respiratory distress
syndrome (ARDS), respiratory failure, and death are
found. Imaging modalities play an important role in the
diagnosis and management of COVID-19. Chest X-ray
(CXR) is considered the first-line imaging modality for
the initial triage of suspected COVID-19 cases. Although
CXR is considered insensitive (CXR sensitivity is only
56%) in the early stages, CXR can be used to monitor
clinical response and disease severity.'-

A systematic review by Vidali et al., stated that
most COVID-19 patients showed consolidation (68%)
and ground glass opacity (GGO) (48%) with bilateral lung
involvement and mostly distributed in the lower and
peripheral lungs.* There are many CXR scoring systems
to determine the severity of COVID-19, one of which is
the Radiologic Severity Index (RSI). This scoring system
interprets CXR changes more complexly with higher
scores correlating with more severe clinical course and
higher mortality.>

Characteristics of severe COVID-19 is the presence
of a systemic inflammatory response, such as increased
C-reactive protein (CRP) (58.3-60.7%) and increased
D-dimer (46.6%). CRP levels can increase in patients with
positive chest X-rays and those with severe disease, lung
damage, and poor prognosis.” Its concentration is not
affected by age, gender, or physical condition.® Kadek et
al., found that confirmed COVID-19 patients with severe
and critical degrees had the highest mean CRP values
(133 mg/L, p <0.001) with an AUC value of 0.88 (p <0.001,
95% CI: 0.8290.948) to determine mortality.” In evaluating
and diagnosing severe pulmonary infection, CRP levels
>5mg/L canbe found.®

Abnormal coagulation function is one of the
factors thought to be associated with the development of
disease due to SARS-CoV-2 infection, which is
characterized by increased D-dimer levels >500 ng/mL.
D-dimer levels tend to be higher in patients with severe
and critical cases than in patients with mild or moderate
cases.!” A study by Marco Francone et al., using CT scores
to assess the level of lung involvement in patients with
COVID-19 found that there was a statistically significant
relationship between CT scores and D-dimer levels.

One of the drugs under investigation for the
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treatment of COVID-19 is Remdesivir. Remdesivir is a
direct-acting nucleotide-analog prodrug that inhibits
ribonucleic acid (RNA) by incorporating triphosphate
and interfering with the activity of viral RNA
polymerase.!! Kate et al., identified 55 patients treated
with remdesivir for COVID-19 showed a significant
decrease in CRP levels after administration of remdesivir
in patients who remained non-intubated during the
study period.?

To date, there has been little research on
radiological images and biomarkers that can be used to
predict the severity and death of COVID-19 patients
using D-dimer and CRP levels. Reliance on CT scans
places a large burden on the radiology department and
this makes CXR the modality of choice. Therefore,
researchers used CXR modality to describe changes in
RSI scores after administration of remdesvir in COVID-19
patients with high CRP and D-dimer values.

METHODS

A prospective cohort study conducted at the Radiology
Department of Dr. Kariadi Hospital Semarang, from July
2020 to July 2021 using data collected through electronic
medical records. A total of 64 different patients were
declared positive for COVID-19 based on clinical and
laboratory (positive PCR) with age >18 years. There were
32 different patients with high CRP levels (> 5mg/L) and
32 patients with high D-dimer levels (> 500 ng/mL). All
patients received remdesivir therapy of 200 mg on the
first day followed by 100 mg/day until day 9 based on
disease severity and clinical response to therapy. CXR
examination was performed before starting therapy and
day 6 or 7 after initial Remdesivir therapy and the RSI
score was calculated. Patients who received
azythromycin therapy, and comorbid CHF, CKD, history
of malignancy, autoimmune, pulmonary TB, or
interstitial lung disease were excluded from the study.

The RSI scoring system was conducted by
researchers by assessing 2 main variables from chest X-
ray, namely lesion pattern and lesion area volumetrically
where the right and left lung fields were each divided into
3 parts; upper zone (up to the carina), middle zone (below
the carina to the upper limit of the inferior pulmonary
vein), and lower zone (below the inferior pulmonary
vein). The lesion pattern was divided into 3 value
categories; 1 for normal lungs, 2 for GGO images, and
3 for consolidation images. The volumetric area was
divided into 5 area categories; 0%, 1 for area 124 %, 2 for
area 2549%, 3 for area 5074%, 4 for area 75100%. RSI was
obtained by multiplying the lesion pattern value and its
volumetric area in each zone, with a total value between
172.13

Correlation analysis between variables was
performed using the non-parameter Spearman rho test
and the difference test between the high CRP group and
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the high D-dimer group using the chi square test if the
data distribution was normal or Wilcoxon if the data
distribution was not normal. Data were declared
significant if they obtained a p value <0.05.

RESULTS

In this study, the average age of patients was
52.95 £ 15.10 years with an age range of 21 to 87 years.
The average levels of CRP and D-dimer were 11.95 + 8.79
mg/L and 2389.69 + 3709.76 ng/mL, respectively. There
was a decrease in the average overall RSI score post-
remdesivir therapy compared to pre-remdesivir therapy

(15.73 £14.12 vs. 21.59 £ 18.32) for 24 patients in the high
CRP group and 27 patients in the high D-dimer group,
respectively. Further patient characteristics are described
inTable1.

Based on the results of the Spearman Rho
correlation analysis in the high CRP group (Table 2), a
significant weak correlation was found between high
CRP levels and pre-therapy RSI score (r = 0.473, p = 0.006)
and anon-significant weak correlation between high CRP
levels and post-therapy RSI score and delta RSI score
(high CRP with post-therapy RSI score r = 0.416, p = 0.18
and high CRP with Delta RSI score r = 0.273, p = 0.130).
There was no correlation between age and high CRP

TABLE 1
Characteristics of research subjects

Variahle Mean = SD Median (min — max) Amount (%)
Age (year) 52.97 +15.10 57 (21 87)
Male 36 (56%)
Female 28 (44%)

CRP level (mg/L) 11.95+8.79

D-dimer level (ng/mL) 2389.69 +3709.76

RSl score
Pre- therapy 21.59+18.32
Post- therapy 15.73+14.12
Delta RSl score 5.85+8.93
High CRP group
Age (year) 52.97+15.10
Gender
Male
Female
Pre therapy RSl score 21.97 £16.88
Post therapy RSI score 15.69 + 14.12
Delta RSl score 6.28 £ 8.39
High D-dimer level
Age (year) 53.34+14.22
Gender
Male
Age (year)
Pre therapy RSl score 21.22 +19.92
Post therapy RSl score 15.78 £ 15.69
Delta RSl score 5.44 £ 9.56

8.63 (5.16 — 38.75)
1045 (520 — 20000)

20.5 (0 - 66)
14.00 (0 - 54)
4.5 (-24-34)

57 (21-87)

17 (53.1%)
15 (46.9%)
24.5 (0-52)
14 (0-47)
4.5(-9-37)

54 (18— 73)

19 (59.4%)
13 (40.6%)
15 (0 - 66)
12 (0-54)
4,5 (-24 - 34)

*Delta = the difference between pre- and post-therapy RSI scores
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TABLE 2

Spearman Rho correlation test results for the high CRP group

Variable CRP Pre RSI Post RSI Delta RSI
Age
Correlation coefficient 0.119 0.186 0.160 0.163
Pvalue 0.515 0.308 0.382 0.373
CRP
Correlation coefficient 0.416 0.416 0.273
Pvalue 0.006* 0.018 0.130
Pre RSI
Correlation coefficient 0.906 0.578
Pvalue <0.001* 0.001*
Post RSI
Correlation coefficient 0.271
Pvalue 0.134
Note: *Significant (p <0.05)
TABLE 3
Spearman Rho correlation test results for the high D-dimer group
Variable D-dimer Pre RSI Post RSI Delta RSI
Age
Correlation coefficient -0.227 -0.085 -0.223 0.122
P value 0.212 0.643 0.219 0.607
CRP
Correlation coefficient 0.331 0.362 0.200
Pvalue 0.064 0.041* 0.273
Pre RSI
Correlation coefficient 0.887 0.747
Pvalue <0.001* <0.001*
Post RSI
Correlation coefficient 0.439
Pvalue 0.012*

Note: *Significant (p <0.05)

levels in COVID-19 patients, pre- and post-therapy RSI
scores, and differences in RSI scores. The Wilcoxon test
found a significant decrease in RSI score after remdesivir
therapy in the high CRP group (21.97 + 16.88 vs. 15.69 *
14.12,p <0.001).

Based on the Spearman Rho correlation test in the
high D-dimer group (Table 3), a low, insignificant

54

correlation was obtained between high D-dimer levels
and the RSI score pre-remdesivir therapy (r = 0.331,
p = 0.064). There was no correlation between high
D-dimer levels and the delta RSI score (r = 0.200, p =
0.273). The age variable was inversely correlated with
pre- and post-therapy RSI values, delta RSI scores, and
D-dimer levels. There was a significant decrease in the
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RSI score after remdesivir administration in the high
D-dimer group (21.22 +19.92 vs. 15.78 £ 15.69, p <0.001).
Furthermore, the Fisher Exact test was performed for the
difference in delta RSI scores in the high CRP and high
D-dimer groups. There was no significant difference
(p = 0.536) in the delta RSI score between the two groups.
This shows that the therapeutic effect of remdesivir is
similar in COVID-19 patients in both groups with high
CRP and high D-dimer.

DISCUSSION

COVID-19is a disease with high mortality and morbidity,
especially in the elderly population and patients with
comorbidities. Host factors can also affect susceptibility
to infection and disease progression. The elderly and
people with comorbidities are susceptible to SARS-CoV-2
and tend to develop into critical conditions.
Comorbidities that increase susceptibility include
hypertension, chronic obstructive pulmonary disease
(COPD), diabetes mellitus (DM), and cardiovascular
disease. This was shown in this study, with a mean total
patient age of 52.95 + 15.10 years and age 21-87 years.
Both groups of high CRP and high D-dimer indicated
more severe disease conditions in COVID-19 patients and
in older adult patients due to poorer immune system
conditions compared to younger patients.'*'° The gender
characteristics of patients were similar, with 36 (56%)
male patients and 28 (44%) female patients. COVID-19
disease can attack all genders, but women in East Asian
populations are known to express higher ACE2 receptors
and are therefore more susceptible to SARS-CoV-2
infection.!”

C-reactive protein (CRP) is a protein produced by
adipocytes and liver, which is associated with IL-1, IL-6,
and TNF.’ Its increase can occur in cases of hypertension,
diabetes mellitus, and severe disease, so these
confounding factors have been excluded from the study.
The mean CRP level of patients after diagnosis was 11.95
+8.79mg/Lwitharange of 5.16 to 38.75 mg/ L. This result
is lower than the results of the study by Sunil ef al., in
COVID-19 patients who had a mild CTSS picture of 21.4
(6.6 -35.4) mg / L, but there was an increase in CRP levels
proportional to the increase in the degree of CTSS.” In the
study by Geetika et al., CRP levels of 10.70 + 11.08 mg / L
were found to be significantly correlated with the severity
as measured by the RSI score.!® A significant decrease in
the pre-therapy RSI score value was found from 21.97 +
16.88 mg / L to 15.69 £ 14.12 mg / L post-therapy
(p <0.001). Remdesivir has the effect of reducing the
severity of patients in the form of a decrease in the RSI
score in the high CRP group. Unfortunately, this study
did not calculate the post-therapy CRP levels, so it is
recommended to calculate the post-therapy CRP levels in
further studies.

D-dimer is one of the markers of active coagulation

and thrombin formation that can be used to assess the
progression of SARS-CoV-2 disease. The average
D-dimer level was 2389.69 + 3709.76 ng/ mL with a range
of 1045 (520-20000) ng/mL. This result is much higher
than the study by Herdiman et al., which had 58.4% of
moderate clinical COVID-19 cases, obtained a range of
D-dimer levels of 300-1600 ng/mL."” In this study,
administration of remdesivir decreased the RSI score in
the high D-dimer group as evidenced by a significant
decrease in the pre-therapy RSI score of 21.22 + 19.92
compared to post-therapy 15.78 + 15.69 (p<0.001). In the
study by Herdiman et al., it was found that increased
D-dimer levels also increased the severity of radiological
images (p<0.001). The presence of coagulopathy is
associated with the severity of lung parenchymal
involvement in COVID-19 which is caused by
coagulation dysregulation due to excess inflammatory
mediators. In the study by Amela et al., which used the
CXR assessment system with the Brixia score, a
significant positive correlation was found between
D-dimer levels and the Brixia score (r=0.45, p <0.001)."
There was no significant difference in RSI score
between the high CRP and D-dimer groups (p=0.536).
This may be due to increased CRP levels also in the high
D-dimer group, and vice versa, considering that both of
these markers increase in moderate to severe COVID-19
cases. It is known that D-dimer levels will exceed the
upper limit >500 ng/mL and are significantly associated
with increasingly severe disease (RR =1.58;95% CI=1.25
2.00; p <0.001). In the study by Yao et al., D-dimer levels
increased approximately 7-folds in moderate to critical
COVID-19 (4.76 [2.02 - 13.3] mg/L vs. 0.6 [0.33 - 1.49]
mg/L; p <0.001).17 Although no significant results were
obtained, these results also indicate that remdesivir
therapy has an effect on COVID-19 patients with both
high CRP and high D-dimer levels. However, careful
interpretation of the results is still needed considering the
exclusion of groups with high CRP and D-dimer markers.

CONCLUSION

There was a significant decrease in RSI score in COVID-19
patients with high CRP levels and high D-dimer after
administration of remdesivir. There was a weak
significant relationship between high CRP levels and RSI
score pre-remdesivir therapy, indicating that the higher
the CRP levels, the higher the RSI score. There was no
significant difference between the RSI score difference in
the high CRP and high D-dimer groups, so remdesivir
provided a similar therapeutic effect in both patients with
high CRP or high D-Dimer levels.
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