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Abstract
Background

The surge of COVID-19 cases in Indonesia has markedly heightened
the hospital demand for ICU care. Patients infected by SARS-CoV-2
exhibit discernible changes in laboratory results throughout their
infection. This study aimed to assess the progression of COVID-19
infection, ICU admission rate, and patient outcomes by analyzing the
profile of laboratory parameters in hospitalized COVID-19 patients.

Methods

This retrospective cohort involved six hospitals in Jakarta. The
inclusion criteria consisted of PCR-confirmed hospitalized COVID-19
patients who underwent laboratory examinations for hematology,
hemostasis, clinical chemistry, and infection markers during the
pandemic from 2020 to 2021.

Results

Total of 1865 COVID-19 patients participated in this study, with the
majority of 54.16% male patients. Of these patients, 24.23% required
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ICU care, and 46.23% were aged >60 years old. The mortality rate
among COVID-19 patients was 21.87%, with 58.68% of male patients,
and 54.9% aged >60 years. Comorbidities such as hypertension,
diabetes mellitus, lung diseases, and liver diseases, which aggravate
the severity of COVID-19 infection and increase the mortality rate,
were observed (p<0.05). The median values of leukocytes, neutrophils,
Neutrophil-to-Lymphocyte Ratio (NLR), prolonged prothrombin time
(PT), D-dimer, aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), urea, creatinine, C-reactive protein (CRP),
procalcitonin (PCT), and interleukin-6 (IL-6) increased significantly.
Conversely, median glomerular filtration rate (eGFR) and lymphocyte
values declined with the progression of COVID-19 infection, ICU
admission, and non-survival patient outcomes (p< 0.001).

Conclusions

Patients aged >60 years, with length of stay exceeding 8 days, low
Hemoglobin levels, high NLR, low platelet levels, prolonged PT, high
D-dimer, high CRP, and elevated IL-6 were correlated with severe
COVID-19 infection, ICU admission, and unfavorable patient
outcomes. The values of leukocyte count, neutrophil%, NLR, PT, D-
dimer, AST, LDH, urea, creatinine, CRP, PCT, and IL-6 increased, while
eGFR and lymphocytes decreased in severe COVID-19 infection, ICU
admission, and non-survival patient outcome evaluations.

Keywords
Hematology, coagulation, clinical chemistry, disease progression, ICU,
Covid-19
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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus-2, which targets the
human respiratory tract** In Indonesia, the majority of COVID-19 cases were concentrated in the DKI Jakarta province,
followed by West Java, Central Java, and East Java.” Most patients with COVID-19 exhibit either asymptomatic
conditions or mild symptoms that do not require hospitalization. However, approximately 14% of the cases manifest
moderate and severe symptoms requiring hospital treatment and oxygen support. In addition, 5% of these cases require
intensive care unit (ICU) treatments.”” Severe cases of COVID-19 can be further exacerbated by acute respiratory
distress syndrome, sepsis and septic shock, and multi-organ failure, including acute kidney or heart failure.”° The
presence of comorbidities and advanced age elevates the risk of mortality.

Laboratory examinations are of significant importance in COVID-19 patient care, encompassing evaluation such as

hematology, hemostasis, clinical chemistry, and infection markers. These laboratory parameters can either be utilized

independently or in combination to discern disease progression, the necessity for ICU care, as well as clinical outcomes
s gl 7,8

prediction.

This study endeavors to explore the hematological profile, clinical chemistry, hemostasis, and prominent markers of
COVID-19 infection in correlation with the severity of disease progression, ICU admission, and the assessment of clinical
outcomes in adult COVID-19 patients across several hospitals in Jakarta, Indonesia. Through a comprehensive
examination of these parameters, we aimed to identify pivotal factors that substantially influence the clinical course
and prognosis of COVID-19 patients. A profound comprehensive understanding of these associations possesses a
significant contribution to more effective management and treatment strategies for patients in critical conditions.

2. Methods

2.1 Study participants

The present study took place at six hospitals in Jakarta utilizing retrospective cohort study data. The subjects included in
this study were PCR-confirmed adults in patients with COVID-19 infection. During the COVID-19 pandemic in Jakarta,
this study compiled data from a total of 1865 patients between December 2020 and September 2021. Only individuals
with complete, recorded data relevant to this study were included. Both online and paper-based hospital databases were
used. This study adhered to the principles of the Helsinki Declaration. The research protocol was reviewed and approved
by the Ethics Committee of Yarsi University in Jakarta, Indonesia (reference number of approval: 285/KEP-UY/BIA/
VIII/2021). The approval was granted on August 16, 2021. Due to the retrospective nature of the data, the Ethics
Committee provided a consent waiver.

2.2 Statistical analysis

Statistical analysis was carried out using MedCalc v22.013 (https://www.medcalc.org) and Prism v8.4.2 tools
(GPS-1837002-L, Machine ID: SBBA7CI9B19C). Free alternatives to these softwares are JASP (https:/jasp-stats.org/)
or R with RStudio. A p-value of 0.05 or less was deemed statistically significant. Categorical variables were assessed
utilizing the chi-square test to determine significant associations, while continuous variables were analyzed using the non-
parametric Kruskal-Wallis test due to non-normality distributed data.

3. Results

A total of 1865 patients with COVID-19 met the inclusion criteria. No significant differences were observed in terms of
disease progression, ICU admissions, and clinical outcomes between genders. Of 43.8% of COVID-19 patients fell
within the 40-60 age range, with 52.07% experiencing a moderate severity of COVID-19 within this age group. Notably,
24.23% of patients required ICU care, and 46.23% of them were >60 years old. The mortality rate among COVID-19
patients was 21.87%, with 58.68% of them being male, and 54.9% aged >60 years.

A total of 52.43% underwent a treatment duration exceeding 8 days, especially notable in patients exhibiting moderate
(29.06%) and severe symptoms (13.88%). Common comorbidities among COVID-19 patients included hypertension
(44.0%), diabetes mellitus (37.65%), lung disease (8.48%), liver disease (1.55%), and malignancy (4.01%). These
comorbidities exacerbated the severity of COVID-19 infection and contributed to an increased mortality rate (Table 1).

In the context of hematological parameters, the values of hemoglobin, leukocyte, and platelet exhibited considerable
variation across COVID-19 disease progression, ICU admission, and patient outcome assessment. However, hemoglobin
levels above 10 g/dL were observed in 1724 cases (92.43%), while levels <10 g/dL were present in 141 cases (7.56%)
(Figure 1).
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Figure 1. Descriptive Analysis depi
Neutrophil-to-Lymphocyte Ratio

=3 |L-6 =30 pg/mL
=1 IL-6 <30 pg/mL

cting the Percentage of (A) Low Hemoglobin (B) Low platelet count, (C) High
(NLR), (D) Prolonged Prothrombin time (PT); (E) Elevated D-dimer levels,

(F) C-reactive protein (CRP), and (G) Interleukin-6 (IL-6) levels. These are associated with the Degree of Disease
progression, ICU Admission, and Patient outcome assessment.

In this study, the determination of lo

w and high platelet counts was based on a meta-analysis by Lippi et al,” defining

thrombocytopenia as a platelet count of < 100 x10*/uL. Low platelet counts were observed in 45 cases (2.41%). The
median NLR value exhibited a significant increase in correlation with the progression of COVID-19 infection, as well as
in response to ICU requirements and the assessment of patient outcomes among non-survivors. D-dimer levels
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demonstrated a noteworthy rise corresponding to the advancement of COVID-19 severity, ICU admissions, and the
clinical outcomes of non-surviving patients.

Median levels of several clinical chemistry parameters including AST, LDH, and urea showed a substantial elevate in
correlation to the progression of COVID-19, the necessity of ICU care, and in non-surviving patients. Conversely, renal
clearance function indicated by eGFR values declined significantly when correlating it with the progression of COVID-
19 severity, ICU admissions, and the clinical outcome of non-surviving patients.

In regard to infection markers such as CRP, PCT, and IL-6, the median values demonstrated a notable increase in
accordance with the severity of COVID-19, ICI admissions, and the clinical outcomes of non-surviving patients (Table 2).

4. Discussion

This study highlighted the association of comorbidities such as hypertension and diabetes with the severity of COVID-19
infections. Notably, severe cases leading to ICU admissions were characterized by low hemoglobin and platelets while at
the same time exhibiting elevated leukocytes, neutrophils, and NLR. In addition, prolonged PT, elevated D-dimer, CRP,
PCT, and IL-6 indicated disease severity and poor outcomes. In regard to severe cases, AST, LDH, urea, and creatinine
exhibited a notable increase, while eGFR values declined. These findings underscore the importance of comprehending
various hematological, clinical chemistry, and inflammatory markers in COVID-19 patients.

Our observations indicate a higher prevalence of COVID-19 infection among men; however, gender differences did not
influence the severity of COVID-19, ICU admission rates, or patient outcomes. This aligns with findings from other
studies.”'” The predominant age group in the current study was 40-60 years, with the majority experiencing moderate
COVID-19 symptoms. Notably, this age group comprised an active and mobile population, making them more
susceptible to virus exposure. Other studies have observed a similar age distribution within the age range of 31-59 years
(57.5%),"" and the average age of severe COVID-19 cases was 60.4 years.”’

We observed that COVID-19 patients aged >60 were associated with clinical progression of COVID-19, ICU admission,
and the clinical outcome of mortality. Another study has revealed that the median age of ICU-admitted patients was
higher at 62.4 years in comparison to non-ICU patients (46 years),'” with the highest likelihood of death occurring in the
age group of >60 years, reaching 43.6% of cases,'' while our study indicated a 35% mortality rate.

The expression of ACE2 increases with age, leading to potentially excessive ACE2 expression in patients over 50 years
old. It seems that compromised immune response, reduced organ function, comorbidities, and various other factors
elevate the risk of mortality. Advanced age also seems to correspond to a diminished immune system, heightening the
susceptibility to ARDS and death.'”

Within our study, 24.23% of patients required ICU treatment, which is in contrast with an 11.8% rate in an Iranian study, '’
and a 32% rate in China."* ICU admission in COVID-19 patients is associated with adverse clinical conditions
characterized by dyspnoea, decreased O, saturation, the requirement of oxygen support, and administration of broad-
spectrum antibiotics.'” Furthermore, this study indicated that 52.43% of patients required prolonged treatment exceeding
8 days, particularly those with moderate and severe conditions. Another study has demonstrated an escalating average
length of stay corresponding to disease severity as the following: 12.88 days for mild, 14.12 days for moderate, and
16.36 days for severe cases.'” We also noticed that ICU-admitted patients required hospitalization for more than 8 days at
the rate of 61.9%. In line with our results, the average length of stay in the ICU at approximately 12.34 was observed in
comparison to that of non-ICU admission at 5.73 days.'®

The most prevalent comorbidities identified in this study were hypertension and diabetes mellitus. The presence of these
comorbidities is associated with a heightened severity of COVID, and increased mortality.”'” In addition, our
investigation revealed that diabetes mellitus was specifically linked to higher frequency ICU admissions. Patients with
comorbid diabetes mellitus were 3.12 times more likely admitted to ICU."?

Our analysis uncovered that hemoglobin levels in non-surviving COVID-19 patients were significantly lower than in
those who survived. Anemia conditions can compromise oxygen supply to various tissues including the lungs and impact
the quality of life after recovery.'® It is evident that Hb levels <10 g/dL significantly affect the severity of COVID-19, the
necessity for ICU care, and the likelihood of non-survival outcomes. A similar trend was also observed when platelet
count <100x10%/pL.
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A significant increase in the number of leukocytes and neutrophils was noticed in correlation with COVID-19 infection
progression ICU admission, and non-survival. Conversely, platelets and lymphocytes exhibited the opposite pattern.
Altered complete blood count (CBC) in COVID-19 infection has been extensively documented, featuring an increase in
leukocytes, particularly neutrophils, and a concurrent decline in lymphocytes.'” The phenomenon is explained by the
decline in CD4 and CD8 in patients with severe infections. While SARS virus implies the crucial role of lymphocytes in
eliminating virus-infected cells, COVID-19 raises a hypothesis that patient survival depends on the body's ability to
replenish lymphocytes lost to viral attack. The lymphocyte count, especially CD4 cell count, may serve as a clinical
predictor for gauging disease progression and prognosis.”’ Various factors underlying these hematological changes
included cytopathic viral effects on lymphocytes, the suppressive impact of cytokine storms, lactic acidosis, and atrophy

2223

of lymphoid Organs.ll, 44444

NLR increased significantly corresponding to the severity of COVID-19 progression, ICU admission, and non-survival.
NLR serves as an indicator of systemic inflammation which is commonly used to predict the progression of COVID-19
infections.?* Thus, implicating NRL could be a prognostic factor for potential shifts in clinical symptoms from moderate
to severe. Moreover, NLR stands out as an independent biomarker signal to indicate unfavorable clinical outcomes,”
with non-surviving patients showing higher NLR values compared to those who survive post-COVID-19 infection.”® The
elevation in NLR throughout the treatment period emerges as a predictive factor for mortality.

Evaluation of hemostasis parameters revealed prolongation PT values and elevated D-dimer levels in patients with severe
COVID-19, those who were admitted to the ICU admission, and non-surviving patients. This observation aligns with
findings from other studies.'”*” Patients with acute respiratory distress syndrome (ARDS) and progression to death
exhibited elevated D-dimer levels, suggesting a significant correlation between elevated D-dimer and complications
leading to mortality in COVID-19.**

The mechanisms behind the activation of the coagulation system by the COVID-19 virus remain poorly understood,
giving rise to the term COVID-19-associated coagulopathy (CAC). Several hypotheses have been proposed, including
CAC being triggered by cytokine storms in COVID-19 patients, endothelial dysfunction leading to causing micro-
thrombi, particularly in the pulmonary system, and thrombotic microangiopathy induced by the release of vWF due to
inflammation.”” Prolonged PT and activated partial thromboplastin time (aPTT) were more prevalent in severe COVID-
19 compared to mild symptoms with noted that the elevations are not as pronounced as in bacterial sepsis and
disseminated intravascular coagulation (DIC).”**” A combination of pulmonary thrombotic microangiopathy and
low-grade DIC potentially leads to coagulopathic symptoms in COVID-19 patients. Prolonged PT and increased
D-dimer levels may serve as predictors, offering insight into the progression of COVID-19 in patients and indicating
the possibility of occurring hemostatic cascade triggered by the virus.

In regards to inflammatory parameters assessed in this study, remarkable elevation has been observed in CRP, PCT, and
IL-6 levels, exhibiting a discernable correlation with the severity of COVID-19, ICU admission, and outcome of non-
surviving patients. This finding strengthens the hypothesis that monitoring CRP, PCT, IL-6, and D-dimers is imperative
for gauging the clinical progression and recovery of COVID-19 patients. Consistent with our results, previous studies
have observed heightened levels of inflammatory parameters including CRP, procalcitonin, IL-6, and ferritin in severe
cases of COVID-19 infection.'*'*> A meta-analysis conducted by Huang et al,”” concluded that elevated serum CRP,
PCT, D-dimer, and ferritin were linked to unfavorable outcomes including death, ARDS, and ICU admission.

Clinical chemistry parameters unveiled increased CRP and IL-6 levels in patients with severe COVID-19, those requiring
ICU admission, and those who did not survive. In severe cases particularly, the inflammatory response triggered by the
SARS Cov-2 virus leads to cytokine storms, escalating vascular permeability multi-organ failure, and potential fatality if
the cytokine storm persists. There is suspicion that the SARS-CoV-2 virus may induce both the inflammatory and the
coagulation systems.”” PCT levels rising up to five times the upper limit of normal level (ULN) are associated with more
severe COVID-19 symptoms, attributed to heightened PTC production and release from extrathyroidal sources due to
bacterial infection. Moreover, interleukin-1f (IL-1B), tumor necrosis factor (TNF)-a, and IL-6 contributed to the
elevation of PTC levels, though increased interferon (INF)-y during the infection period inhibits the synthesis of these
proinflammatory markers. In uncomplicated COVID-19 cases, it is unsurprising that PCT remains within the normal
range. Conversely, elevated PCT levels in COVID-19 may also stem from bacterial coinfection, intensifying clinical
symptoms and contributing to complications in patients.’

The clinical chemical parameters such as AST, LDH, urea, and creatinine exhibited a noteworthy escalation in correlation

with the severity of COVID-19, ICU admission, and non-survival outcomes. In contrast, the renal filtration function
indicated by eGFR demonstrated a significant reduction corresponding to the severity of COVID-19, ICU admission, and
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. . 20 . . . .
non-survival cases as observed by other studies.'**’ Increased LDH as a liver function marker and kidney function are

associated with multiorgan failure triggered by a cytokine storm in COVID-19 infection. This cascade reaction is
anticipated to induce acute lung injury and ARDS, subsequently causing damage to various organs, including the livers
and kidneys. As a consequence, these parameters are observed to increase, especially in patients with severe conditions.””

Patients aged over 60 years and those with a length of stay exceeding 8 days exhibited a significant correlation with severe
COVID-19, heightened ICU admission rates, and unfavorable clinical outcomes. The presence of comorbidities
including hypertension, diabetes mellitus, lung and liver disease is also linked remarkably to severe COVID-19 and
adverse patient outcomes. Furthermore, certain laboratory markers, including leukocyte count, neutrophil, NLR, PT,
D-Dimer, AST, LDH, urea, creatinine, CRP, PCT, and IL-6, demonstrated noteworthy increases in severe COVID-19,
ICU admission, and non-survival cases, whereas levels of Hb, platelet, eGFR, and lymphocyte count declined
considerably.
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Abstract
1. A uniform lower or upper case of COVID-19 must be followed.

2. The control and disease patients must be mentioned in the methods part.

Introduction

1. The authors state, "encompassing evaluation such as hematology, hemostasis, clinical
chemistry, and infection markers". If the authors discussed infection markers, that would
also be from the hematology part in the field of clinical chemistry. Therefore, the authors
must elaborate on it in detail.

2. A detailed study is available in the literature on COVID-19, even in different disease cases,
therefore, the authors must mention the novelty and the need for the present research
work.

Methods

1. The inclusion and excluding criteria are missing in the methods of patient selection,
because there are some other factors which modulate the parameters useful for providing
the information for COVID-19, eg, the CRP also increases in hypertension or any disease
related to inflammation, etc.

2. The author must provide details of the symptoms of the patients at the time of admission to
hospitals.

Results

1. In Table 2, the authors must mention different parameters in control individuals because in
Table 1, the authors mentioned different disease conditions in patients, like lung disease,
malignancy, liver disease, diabetes and hypertension.

Conclusion
1. There is no heading for the conclusion.

General
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