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Abstract: The objective of this study was to assess the predictive value of inflammatory
biomarkers in COVID-19 patients, namely the CRP/albumin ratio (CAR), interleukin 6
(IL-6), IL-6/lymphocyte ratio (IL-6/LY), and neutrophil/lymphocyte ratio (NLR). A
prospective cohort study was conducted between January to June 2021 at Dr. Saiful
Anwar General Hospital, Malang, East Java, Indonesia. CRP and albumin levels were
measured using COBAS C6000. IL-6 was measured using the enzymatic
chemiluminescence immunoassay (ECLIA) method and NLR was calculated based on
flow cytometry evaluation of neutrophil and lymphocyte. Patient outcomes were obtained
from medical records. Out of the 102 COVID-19 patients, 60 were non-survivors. The
findings revealed that the area under the receiver (AUC) for CAR, IL-6, IL-6/LY, and
NLR were 0.71, 0.77, 0.75, and 0.65, respectively. Kaplan-Meier curve analysis
demonstrated significant differences between the groups stratified by these cut-off values.
Notably, CAR and IL-6 exhibited the most accurate predictive values for mortality in
COVID-19 patients. These findings suggest that CAR and IL-6 may serve as valuable
biomarkers for predicting mortality in COVID-19 patients. Importantly, CAR offers an
advantage over IL-6 as it is relatively more affordable, making it a viable option even if
COVID-19 becomes endemic.
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m INTRODUCTION

The global healthcare

system has faced

Health, the country's COVID-19 patient mortality rate
stands at 3.9%. According to this, Indonesia has the
eighth-highest number of COVID-19 cases in Asia.

unprecedented challenges over the past three years due to
the COVID-19 pandemic caused by SARS-CoV-2
infection. The management of critically ill patients in
intensive care settings poses significant difficulties in
developing predictive models due to the unpredictable
nature of COVID-19 outcomes, especially in developing
countries such as Indonesia.

In Indonesia, the mortality rate among COVID-19
patients, especially those in critical condition, remains
relatively high. According to the Indonesian Ministry of

Although severe COVID-19 cases have a higher death
rate, there are currently no commonly used prognostic
tools for estimating in-hospital mortality [1-2].

The inflammatory process is essential to the
development of COVID-19. Cytokine storms or
hyperinflammatory situations can be brought on by the
immune system's activation of cytokines and
chemokines, which can result in life-threatening organ
malfunction and severe lung damage. Individual
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differences in the degree of the inflammatory response
lead to some patients' reactions being more pronounced
than those of other patients. This emphasizes the value of
individualized treatment plans that take into account each
patient's particular immune response and inflammatory
profile. Furthermore, gaining a deeper understanding of
the inflammatory mechanisms involved in COVID-19
can facilitate the development of novel therapies that
specifically target these processes. This holds the potential
for more effective treatments and improved outcomes for
patients [3-4].

One of the pro-inflammatory cytokines that exhibit
an increase in COVID-19 patients is IL-6. Previous
research has demonstrated a significant disparity in IL-6
levels between patients receiving intensive care treatment
and those receiving standard care [3]. This elevation of IL-
6 stimulates the production of acute-phase reactants,
including CRP, by hepatocytes. CRP, as an acute phase
reactant, plays a crucial role in the complement system
and phagocytosis during the body's immune response to
pathogenic infections. Numerous studies have indicated
elevated CRP levels in patients with severe pneumonia,
showing a correlation with the extent of inflammation.
Conversely, inflammatory conditions lead to a reduction
in albumin levels, which correlates with the deterioration
of symptoms in COVID-19 patients [5]. The adaptive
immune response also contributes to the SARS-CoV-2
infection. Severe cases of COVID-19 commonly exhibit a
decline in lymphocyte count, particularly in the CD8+
subset [6-7]. Additionally, an upsurge in neutrophil count
in COVID-19 patients is often associated with bacterial or
fungal infections, frequently observed in these patients [8-
10]. The utilization of inflammatory marker parameters,
such as CAR, IL-6, IL-6/LY, and NLR, is expected to assist
in the management of COVID-19 patients, given the
pivotal role of the inflammatory process in their disease
progression.

m EXPERIMENTAL SECTION
Materials

In this study, various materials were utilized for
different purposes. Samples from the naso- and oro-
pharynx were collected to confirm the diagnosis of
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COVID-19 in patients. Serum from peripheral blood
was used to measure CRP, albumin, and IL-6 levels.
Additionally, plasma EDTA samples were obtained to
measure the counts of neutrophils and lymphocytes.

Instrumentation

Several instrumental methods were employed for
different measurements. The Sysmex XN-1000 series
was utilized to measure neutrophil and lymphocyte
counts. The COBAS Chemistry system was used to
measure CRP and albumin levels. Additionally, the
Elecsys series, specifically the ECLIA, was employed to
measure IL-6 levels. Furthermore, medical records were
also utilized in the study to determine the outcomes of
the patients.

Procedure

The procedures can be divided into several steps.
Firstly, the study obtained approval (Approval No.
400/011/K.3/302/2021) from the Saiful Anwar General
Hospital's ethics committee, ensuring ethical conduct.
All participants in the study provided informed consent
and met the requirements of the Declaration of Helsinki.
The minimum age requirement for participants was 20
years. It took place from January to June 2021. Patients
with a history of cancer, liver illness, hemostatic
dysfunction, autoimmune diseases, or heart failure were
excluded.

The diagnosis of COVID-19 was confirmed using
the RT-PCR method. Following the patients' discharge
from the hospital, their medical records were examined
to determine their outcomes. On the first day of
admission, peripheral blood samples were collected to
measure CAR, IL-6, IL-6/LY, and NLR. Data analysis
was performed using IBM SPSS Statistics 26. Initially,
independent t-tests and chi-square tests were conducted
to examine the characteristics of the study subjects.
Receiver operating characteristic (ROC) analysis was
then carried out to determine the area under the curve
(AUC) and the cut-off for each variable. Additionally, a
survival analysis utilizing Kaplan-Meier curves and
Hazard Ratio (HR) was employed to create a predictive
model for COVID-19 patients.
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m  RESULTS AND DISCUSSION

Since COVID-19 was deemed a global public health
emergency three years ago, it has posed ongoing
difficulties for patient care. Numerous reasons, including
the introduction of novel viral variations that contribute
to recurrent waves of infection, can be blamed for these
ongoing medical issues. In addition, the clinical course of
the illness is highly unpredictable and challenging to
predict, particularly in critically ill individuals. Hyper-
inflammation is the fundamental pathogenic process
causing SARS-CoV-2 infection to progress to severe
symptoms, such as acute respiratory distress syndrome,
multiple organ failure, and lethal consequences [11]. A
total of 102 COVID-19 patients were included in this
study, with 39 subjects (38.23%) were female and 63
subjects (61.76%) were male. The mean age of the patients
was 57.51 + 14.05 years. Data collection was completed at
the end of the study period.

Based on Table 1, the p-value for CAR, IL-6, IL-
6/LY, and NLR, which were examined in this study, was
found to be < 0.05, indicating a significant difference in
the median value between the survivor and non-survivor
groups. However, no statistically significant differences
were found in the parameters of sex, age, albumin, and
lymphocyte count.

The development of a panel of standard laboratory
tests is essential for patient risk assessment, optimum
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clinical care, and the effective use of medical resources.
In this study, we sought to determine the prognostic
value of inflammatory biomarkers in predicting
COVID-19 patients’ in-hospital mortality.
Inflammatory markers such as CAR, IL-6, the IL-6/LY
ratio, and NLR have the potential to be used as
predictors of in-hospital mortality for COVID-19
patients, according to our data. These results offer the
foundation for the creation of a prognostic scoring
system that can efficiently stratify the risk of COVID-19
patients who are critically ill.

Our study indicated that there was a substantial
increase in CRP, CAR, IL-6, IL-6/LY, WBC, neutrophils,
and NLR in the non-survivor group compared to the
survivor group. This study was aligned with other
studies that have also demonstrated higher levels of
CRP, CAR, and IL-6 in severe COVID-19 cases and an
association between increased CRP levels and disease
severity or poor outcomes [10-11]. In addition, IL-6 was
found to be a strong independent predictor of mortality
in a retrospective examination of severely ill COVID-19
patients who were admitted to the intensive care unit
(ICU). Similar to this, cohort research focusing on sick
patients with SARS-CoV-2 infection showed that
elevated baseline levels of both IL-6 and CRP were
significantly related to illness progression and increased
death within a 60-day window [9]. Therefore, it has been
demonstrated that excessive CRP levels can predict the

Table 1. Demographic data of the subject

Variables Survivors (n = 42) Non-Survivors (n = 60) p-s

Sex

Male 24 (58.06%) 39 (65.00%)

Female 18 (41.93%) 21(35.00%) 0.643*
Age(year)’ 54.29 + 15.07 59.50 + 13.15 0.105°-
CRP (mg/dL)* 3.94 (2.19-7.45) 12.06 (7.94-18.41) 0.000°¢ -
Albumin (g/dL)" 3.50 £ 0.50 3.29+£0.54 0.078"-
CAR? 1.50 (0.68-3.68) 429 (2.23-6.71) 0.001¢-
IL-6 (pg/mL)* 24.08 (14.25-80.12) 111.55 (52.03-269.23) 0.000°¢ -
Lymphocyte count (cells/mm?®)* 1210 (770-1680) 1040 (702.50-1382.50) 0.319°-
IL-6/LY* 26.26 (9.59-71.6) 106.57 (41.85-292.11) 0.000°¢ -
Leukocyte count (cells/mm?)* 8880 (6660-12250) 11640 (8025-18045) 0.021¢-
Neutrophil count (cell/mm?)* 6360 (4190-10000) 9820 (5872.50-16165) 0.011¢-
NLR* 5.59 (3.02-9.94) 8.59 (4.81-16.76) 0.000¢ -

‘mean (+SD); *median (Q1-Q3)
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severity and mortality of COVID-19, but low albumin
levels are linked to higher mortality. It is possible to state
that in COVID-19 patients are
predominantly affected by this fact, which is directly

albumin levels
associated with the hyperinflammatory states that are
frequently discovered in severe cases. Therefore, a CRP-
to-albumin ratio might offer greater performance.

The optimal cut-off for each parameter (Table 2)
was determined using ROC analysis (AUROC), with
COVID-19 patient
comparison, where 0 represents survivors, and 1

mortality being wused as the

represents non-survivors. Fig. 1 shows the area under the
receiver operating characteristic curve (AUROC) for each
variable. It is evident that IL-6 has the highest AUROC
value in predicting mortality in COVID-19 patients, with
a value of 0.77. Following IL-6, IL-6LY, CAR, and NLR
had AUROC values of 0.75, 0.71, and 0.65, respectively.

Fig. 2 shows the survival curves, indicating that
individuals with elevated levels or ratios of the studied
parameters exhibit lower survival rates compared to those
with lower levels or ratios. After performing the logistic
regression test, HR values of 7.706, 14.131, 0.807, and
1.926 were obtained for CAR, IL-6, IL-6/LY, and NLR,
respectively.

In this study, ROC curve analysis showed IL-6 has
the highest AUROC value in predicting death in COVID-
19 patients, with a value of 0.77. Following IL-6, IL-6/LY,
CAR, and NLR had AUROC values of 0.75, 0.71, and 0.65,
respectively. These findings are comparable with those of
a prior study, which also established the predictive
usefulness of these inflammatory markers in COVID-19
patients. IL-6 shows a strong correlation and the greatest
performance in predicting the severity and death of
COVID-19 patients [12]. The study conducted by Zhou et
al. [13] indicated that people who were seriously ill with
COVID-19 had increased levels of IL-6. This conclusion
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was similarly observed in a study by El-Shabrawy et al.
[14], albeit with a different cut-off value of 32.3 pg/mL.
Similarly, a different study with a lower cut-off value of
26.09 pg/mL revealed equivalent sensitivity. According
to these findings, our study also found that people with
and very COVID-19 had
considerably higher IL-6 levels than those with mild to

severe severe cases
moderate instances [13-14].

In COVID-19 patients with severe disease, elevated
IL-6 levels are frequently seen. This is related to a hyper-
inflammatory condition brought on by excessive
synthesis of pro-inflammatory cytokines, such as IL-6.
The IL-6 level in our investigation had a cut-off value of
47.5 pg/mL, showing potential as a predictor of mortality
with a sensitivity of 80%, a PPV of 83.3%, and an
AUROC value of 77.3% (95% CI: 66-88.6%; p = 0.000).
A study by El-Shabrawy et al. [14] revealed a cut-off
value of 32.3 pg/mL, and our results were in agreement
with that study's findings. A level of IL-6 greater than
25 pg/mL is regarded as a risk factor for fatal illness. IL-
6 levels could therefore be a potential indicator of serious
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Fig 1. ROC Curve of CAR, IL-6, IL-6/LY, and NLR

Table 2. CAR, IL-6, IL-6/LY, NLR cut-off values and performance in determining mortality

Variables  Cutoff units Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
CAR 2.70 ratio 74 67.7 78.7 61.8 71.6
IL-6 47.50 pg/mL 80 74.2 83.3 69.7 77.8
IL-6/LY 39.30 ratio 80 67.7 80.0 67.7 75.3
NLR 5.59 ratio 68 58.1 72.3 52.9 64.2
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Fig 2. CAR, IL-6, IL-6/LY, and Kaplan-Meier curves NLR's blue line designates the group above the cut-off, and its

green line designates the group below the cut-off

illness and mortality. Sabaka et al. [15] also included IL-6
value > 24 pg/mL to screen COVID-19 individuals at risk
of worsening, particularly those requiring supplemental
oxygen due to hypoxemia [14-15].

The predictive value of IL-6/LY in COVID-19
mortality is consistent with that of IL-6. IL-6/LY is a new
marker used to predict worsening symptoms and
COVID-19 [16]. The
hyperinflammatory process associated with
COVID-19
inflammatory markers, including IL-6, and a decrease in
lymphocyte count, particularly the T lymphocyte subset.
The combination of these markers has been reported to
better describing
hyperinflammatory condition and immune system
dysfunction [16-17]. In this study, the optimal cut-off
value for IL-6/LY was 39.3, with an AUROC of 75.5%

mortality  in patients

severe

symptoms leads to an increase in

have clinical value in

(95% CI: 64.3-86.8%; p = 0.000) and a sensitivity and
PPV of 80%. This value is higher than that reported in
several other studies, possibly due to differences in the
population of research subjects. For instance, a study
limited to patients with severe COVID-19 treated in the
ICU reported a cut-off value of 2.5 for IL-6/LY, whereas
another study with a more heterogeneous population
from asymptomatic to severe symptoms found a higher
cut-off value of 19 [18-19].

This study indicated that NLR has the lowest
predictive value for mortality compared to other
markers. NLR has been frequently utilized to screen for
systemic inflammatory illnesses such as ischemic heart
disease and acute pancreatitis, and it has also been
extensively investigated in COVID-19 as a predictor of
severity and death [20]. High NLR values have been
associated with greater severity of the disease. In this
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study, the NLR cut-off value was determined to be 5.59,
with an AUROC value of 64.6% (95% CI: 52.3-76.9%;
p=0.028) and a positive predictive value of 72.3%. A
study by Bellan et al. [21], which discovered an NLR cut-
off value of 4.68 as a predictor of death in COVID-19
patients
neutrophil counts or decreased lymphocyte counts can

[21], reported a similar value. Increased

also contribute to increased NLR [22]. Neutrophils play
several roles in the infection process, including the
formation of NETSs, which are known to be associated
with hyperinflammatory conditions that can lead to a
cytokine storm. However, an increase in neutrophils can
also be caused by a bacterial infection. In contrast, the
depletion of CD8+ T cells, which are frequently present in
severe cases of COVID-19, is the key factor contributing
to the decrease in the number of lymphocytes in COVID-
19 [21-22]. The fact that data were only gathered once
during the patient's initial hospital admission is one of the
study's shortcomings. This restriction may have an impact
on how well the mortality predictors function,
particularly for the IL-6/LY and NLR parameters. Serial
studies of these variables may offer a more thorough
understanding of their functions in predicting patient
outcomes because it is known that the levels of these
inflammatory biomarkers fluctuate throughout the
progression of COVID-19 disease.

The research findings have several implications for
developing countries. First, CAR and IL-6 may be useful
biomarkers for predicting mortality in COVID-19
patients in developing countries. This is important
because developing countries often have limited access to
sophisticated medical equipment and expertise. CAR and
IL-6 are relatively simple and inexpensive biomarkers that
can be measured using widely available assays.

CAR may be a more cost-effective option for
predicting mortality in COVID-19 patients in these
settings. Second, the findings suggest that CAR and IL-6
may be useful for identifying patients who are at high risk
of mortality from COVID-19. This information could
then be used to prioritize these patients for early
treatment or admission to the ICU. This could help to
improve their chances of survival.
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m CONCLUSION

Our study demonstrated that inflammatory
biomarkers, such as CAR, IL-6, the IL-6/LY ratio, and
NLR, were predictive of in-hospital mortality in
COVID-19 patients. Following IL-6/LY, CAR, and NLR
as the best predictors of mortality, IL-6 had the highest
AUROC value. These findings imply that routine
monitoring of these inflammatory biomarkers may help
to better classify COVID-19 patients' risks, particularly
for those with severe disease. CAR, which performs as
well as IL-6, is relatively simple, inexpensive, and easy to
measure. Therefore, it has the potential to serve as a
promising biomarker for patient stratification, not only
in COVID-19 but also in other hyperinflammatory
diseases.
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