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[FHE] -

Hh: HZE SRR G A ERFEE 2 (SARS-CoV-2) BliEH) 2019 R EH (COVID-19) ImKmIE L 4E,
BET ARG IR 2R AN B . vk IX T [RDEUE A A A HE R e g AR % Al-Sadder [RBEAT Alamal [RBEH)—LE& S0
W2l COVID-19 MsERi g (=20 ). XUHEEAE 2021 4F 12 H 1 HE 2022 4 1 A 31 H#ARIET-EH
Bto  MERBLEEZEHUEE T E#AEMETERINOG . IR, G Mset =g Wads. 37 7 giit ot
CLHf B B AU TR R 2. 2550 ARFTIEgh N 100 83, H 67 ANHBE, 33 AFEEBGIET.. F8 A ion
45% MIHECESERAE 40 B LUR, 1M 55% HIHREERAE 40 DLl L. ZAFIR 57% NHEME (37 ZEGEHE vs. 20 %4
WT-3%, p=0.024), 43% NPt (30 41EE vs. 13 ZHET-#H, p=0.010). 66% [KHEHFEESIFE, Hd 55% 1)
SEAFEAT 8T% MIFET - H BAREMEN . [HEMRFEENE, R E R0 B S (85% vs. 18%), FLIEBEN
(58% vs. 10%). HHJR (48% vs. 10%). 'FIEd (42% vs. 6%). OIEHRAIE (33% vs. 10%) FAEIE (18% vs.
15%). FAEERTR, A4 (WBC) i+ fr#h 8.7 mg/dl (IQR: 6.1-15.63 mg/dl), WEgHMEIIECN 57.6
(52.8-61.1), D-=HAEKF N 2.35 wg/ml (IQR: 1.2-4.72 wg/ml), #EAHNKFN 775 wvg/ml (IQR:
720.3-866.4 ug/ml), C MNEME (CRP) AKFH 4.55 mg/dl (IQR: 1.5-5.3 mg/dl), AMMEAR (LDH) sKF
A4 341.5 TU/L (IQR: 291.3-427 IU/L). LHEHFHEMLE, WCEANXESHHERS. D -FHES58%EA.
CRP. LDH. A4 e AR it-$ s LDH 28 FIEMIS. ROC 40HTE78, CRP MIHHZE R (AUC) A 0.802
(95%CI: 0.717~0.886), IGFE N 4. 45mg/dl, REEN 87.9%, FrFEHN 37.3%; D-RAARIHIL N
(AUC) 4 0.749 (95%CI: 0.652~0.846), IaF{E N 2.40 ug/ml, RESFH 81.8%, HrFfF N 32.8%, LDH Y
AUC 24 0.70 (95% CI: 0.587-0.813), IGFEN 353.50 TU/L, BUMEA 72.7%, F3¢ER 37.3%. 2R AN AUC
BAK, A 0.684 (95% CI: 0.555-0.813), IfFAE N 809.50 wg/ml, HUHZMEN 69. 7%, KRR 37.1%. Z5ib:
AR, FERBKE D-RBEK TR LEE . CRP Al LDH JHE A k. XESH 5 W4 COVID-19 HH
95 175 P EE R B AR T AU A 9% D- SR AAM CRP 20 i i A T SE I AN TN IR 7~ T X S A= Wb W S5
Bt J 22 16) PR AR ELAE A AT 6 Bh T 5 S A M IR T TS i, e B2 PR 88 o B U b 4 e R TR

[oCEEn Y 0 D-— k. wRmEm. BidEr. 2E TEMZ (ROC) . #hZ R (AUC)

D-Dimer as a Risk Factor for the Severity of COVID-19 Infection

[ Abstract] :

Background: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has a variable clinical course, and mortality risk factors are not well established. Methods: This
retrospective study included adult inpatients (=20 years old) with laboratory-confirmed COVID-19 from Al-Sadder
Hospital and Alamal Hospital in Al-Najaf, Irag.

The patients either died or were discharged between December 1, 2021, and January 31, 2022. Data on
demographics, clinical trials, treatments, and laboratory results were collected from the hospital database for both
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survivors and non-survivors. Statistical analyses were performed to identify the risk factors for in-hospital mortality.
Results: A total of 100 patients were included in the study, of whom 67 were discharged and 33 died in the hospital.
The age distribution showed that 45% of the patients were under 40 years of age, while 55% were over 40 years
old. The cohort comprised 57% males (37 survivors vs. 20 non-survivors, p=0.024) and 43% females (30 survivors
vs. 13 non-survivors, p=0.010). Comorbidities were present in 66% of the patients, with 55% of the survivors and
87% of the non-survivors having underlying conditions. Notably, diabetes mellitus was more prevalent in the non-
survivors (85% vs. 18%), followed by asthma (58% vs. 10%), stroke (48% vs. 10%), renal failure (42% vs. 6%),
heart attack (33% vs. 10%), and hypertension (18% vs. 15%). The findings revealed a median white blood cell
(WBC) count of 8.7 mg/dl (IQR: 6.1-15.63 mg/dl), lymphocyte count of 57.6 (52.8-61.1), D-dimer levels of 2.35
pg/mi (IQR: 1.2-4.72 pg/ml), ferritin levels of 775 pg/ml (IQR: 720.3—866.4 pug/ml), C-reactive protein (CRP) levels
of 4.55 mg/dl (IQR: 1.5-5.3 mg/dl), and lactate dehydrogenase (LDH) levels of 341.5 IU/L (IQR: 291.3—427 IU/L).
These parameters were significantly higher in the non-survivors than in the survivors. A significant positive
correlation was found between D-dimer and ferritin, CRP, and LDH as well as between WBC and lymphocyte
counts and LDH. ROC analysis indicated that CRP had an area under the curve (AUC) of 0.802 (95% CI: 0.717-
0.886) with a cutoff of 4.45 mg/dl, demonstrating 87.9% sensitivity and 37.3% specificity. D-dimer showed an AUC
of 0.749 (95% CI: 0.652-0.846) with cutoff of 2.40 pug/ml, 81.8%, and 32.8%, respectively. LDH had an AUC of 0.70
(95% CI: 0.587-0.813) with a cutoff of 353.50 IU/L and 72.7% sensitivity and 37.3% specificity. Ferritin had the
lowest AUC of 0.684 (95% CI: 0.555-0.813), with cutoff of 809.50 pg/ml, 69.7%, and 37.1%, respectively.
Conclusion: This study found that older age correlates with elevated D-dimer, ferritin, CRP, and LDH levels. These
parameters are associated with disease severity and mortality risk in adult COVID-19 patients. D-dimer and CRP
levels have emerged as two of the most reliable predictors of disease progression. Understanding the interplay
between these biomarkers and disease progression may lead to targeted therapeutic interventions and better
resource allocation in healthcare settings.

[Keywords] : D-dimer, coronavirus disease, ferritin, receiver operating curve (ROC), area under the curve (AUC)

people get older and during pregnancy. As the
incidence of community-acquired pneumonia
increases, so does the severity of the disease, as does

1. Introduction
The novel R-coronavirus Sudden Respiratory
Distress Syndrome (SARDS) has been established as

the cause of ARDS. Coronavirus-2 is a virus that
caused Coronavirus Disease in the Year 2019 (COVID-
19) in SARS-CoV-2). The World Health was classified
the disease as a public health emergency of worldwide
concern in the first month of 2020 [1]-[2]. COVID-19
was categorized into three severity levels. If flu-like
symptoms emerge early, they are frequently viral
pneumonia, which is the result of a viral infection.
Patients were admitted to the hospital for a prolonged
stay or placed on a ventilator. Inflammation of the lungs
and coagulopathy are two diseases that can occur
together. The active phase begins with a combination
of physiological and metabolic changes that occur
shortly after tissue injury. of an inflammatory process
Inflammatory indicators such as C-reactive protein
(CRP), ferritin, IL-6, and IL-1 are all high, and D-dimer
has also been associated with ARDS, which has poor
clinical results. The third stage of the disease is fibrosis
[3]. Intracellular ferritin reserves have been intensively
studied as indicators of iron metabolism [4]. Ferritin is
an acute protein that increases in response to a range
of inflammatory conditions, cancer, excess iron, and
liver or renal illness. Even if there is a temporary
presence of COVID-19, ferritin levels can be monitored.
Ferritin levels in hospitalized patients have been found
to be significantly higher in several studies. However,
there is usually no specific marker for
haemophagocytic lympho-histiocytosis [5]. D-dimer is a
fibrin  breakdown product produced by plasma
fibrinolytic enzymes and is a common thrombotic
biomarker [6]. It is considered typical for a D-dimer
level of less than 0.5 g/mL, and levels increase as

the D-dimer level. In patients with COVID-19, D-dimer
levels are a possible prognostic predictor. The entrance
day D-dimer level has been shown in multiple studies
to predict sickness severity [2]. In this early case
series, the risk factors for severe disease and mortality
were not well understood. This study aimed to identify
laboratory biomarkers in individuals with COVID-19 to
determine whether biomarkers can distinguish between
people who are more likely to develop severe disease
and those who are not, as well as between those who
are less capable of surviving or are at a high or low risk
of dying. Identifying laboratory signs that can
distinguish between these patients would also increase
clinical situational awareness.

2. Methodology

A retrospective  cross-sectional  study  was
conducted on all verified COVID-19 patients admitted
to Al-Sadder and Alamal care centers from December
1, 2021, to January 31, 2022, after approval was
obtained from the Kufa University and Health Intuition
Ethics Committee (November 2021). All patients with
COVID-19 aged 20 years or older who were diagnosed
by polymerase chain reaction (PCR) were included in
the polymerase chain reaction (PCR). The exclusion
criteria are also important. Patients with anemia and
thalassemia, pregnant women who had already been
diagnosed with liver disease, and those with cancer
were not included in the study. Severe disease was
diagnosed in patients who met any of the following
criteria. Dyspnea with a respiratory rate of less than 30
breaths/min. In the resting state, finger oxygen
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saturation was 93%. PaO2/Fi02 300 mm Hg.
Respiratory failure requiring medical ventilation.
Demographic characteristics as well as comorbidities
such as chronic obstructive pulmonary disease
(COPD), asthma, diabetes mellitus, renal failure,
hypertension, heart attack, heart failure, stroke, and
clinical and laboratory findings, including white blood
cell count (WBC), lymphocyte, D-dimer, ferritin, C-
reactive protein (CRP), and lactic dehydrogenase
(LDH), were assessed. The tests were performed at
the Clinical Pathology Laboratory of the hospital, and
the results were acquired from the hospital database.
The two groups of patients were survivors and non-
survivors. All data were entered into a standardized
datasheet.

2.1. Statistical Analysis
The Kolmogorov-Smirnov test was used to analyze
the distribution of the variables. Qualitative data were
provided as median (interquartile range (IQR) 25
percent-75 percent) values, quantitative data were

*x1

provided as mean and standard deviation, and
qualitative data were presented as percentages, as
well as with numbers and percentages. The chi-square
test was wused to analyze the demographic
characteristics. An independent t-test was used to
compare the laboratory findings. A receiver operating
curve (ROC) was used to determine the cutoff value for
potential illness severity predictions, as well as the
sensitivity and specificity of the predictors. Pearson’s
correlation test was used to compare parameters.
SPSS version 28, a statistical package for the social
sciences (IBM Corp., Armonk, NY, USA), was used to
analyze all data. The significance level was set at
p<0.05 [7].

3. Results

3.1. Characteristics of Patients with COVID-19
This study included 100 COVID-19 patients. The
baseline patient characteristics are shown in Table (1).

Table 1 Clinical characteristics of COVID-19 patients

Total number of Covid-19 patients Survivor Non-Survivor
Parameters n=100 n=67(67%) n=33(33%) p-value

Median (IQR) Mean £ SD Mean + SD
Age (year) 43 (32-63.75) 44.46117.74 51.48+15 0.042
<40 n (%) 45 (45%) 37 (55.2%) 8 (24.2%) 0.0001*
> 40 n (%) 55 (55%) 30 (44.8%) 25 (75.8%) 0.500
Male n (%) 57 (57.0%) 37 (55.2%) 20 (60.6%) 0.024 *
Female n (%) 43 (43.0%) 30 (44.8%) 13 (39.4%) 0.010 *
Hb (g/dl) 12.8 (11.8-13.7) 12.89+1.49 12.58+1.13 0.294
WBC (X10/mm3) 8.7 (6.1-15.63) 7.74+4.04 15.49+4.68 0.0001 *
<4n (%) 19 (19.0%) 17 (25.4%) 2 (6.1%)
> 4-10 n (%) 38 (38.0%) 36 (53.7%) 2 (6.1%) 0.0001 *
>10n (%) 43 (43.0%) 14 (20.9%) 29 (87.9%)
Lymphocyte 57.6 (52.8-61.1) 55.56+6.13 59.13+3.5 0.003 *
D. dimer (ug/iml) 2.35(1.2-4.72) 2.62+2.1 3.86+2.12 0.007 *
Ferritin (pg/ml) 775 (720-866.4) 766.74+91.21  831.4+146.03  0.008 *
CRP (mg/dl) 4.55 (1.5-5.3) 3.14+2.39 5.58+1.43 0.0001 *
LDH (IU/L) 341.5 (291-427) 332.37+94.06  403.06+99.06  <0.001 *

*Significant difference at p-value <0.05. IQR, interquartile range; COVID-19, coronavirus disease 2019; Hb, hemoglobin; WBC, leukocytes; CRP, C-

reactive protein; LDH, lactate dehydrogenase.

The number of COVID-19 survivors was 67%, and
33% were non-survivors. The age of all the patients
ranged from 22 to 75 years (median (IQR) 43
(32—-63.75) years). The average age of non-survivors
was substantially higher than that of survivors
(51.48+15 vs. 44.46117.74, p=0.042). Patients were
divided into groups according to age, including 45% of
patients in the age group < 40 years and 55% of
patients in the age group >40 years. A significant
proportion of the patients (57%) were males (37
(55.2%) vs. 20 non-survivors (60.6%), p=0.024). More
than 43% of the patients were female, with 30 survivors
(44.8%) vs. 13 non-survivors (39.4%) (p=0.010).

Patients had underlying comorbidities (66%), with
37 surviving (55%), and 29non-surviving patients (87%)
patients. The most prominent comorbidities in non-
survivors were diabetes mellitus (85% vs. 18%),
asthma (58% vs.10%), stroke (48% vs.10%), renal
failure (42% vs. 6%), followed by heart strike (33% vs.
10%), and hypertension (18% vs.15%), as shown in
Figure 1.

p-value<0.001 *

u Survivor

o
100% u Non-Surviver

85%

o,
J -15% ]

Diabetic

80%
58%

J

Asthema

60% 42%

33%

10%
6%

Heart atack  Renal fialure

Frequancy (%)

40%

20%
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0%
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1
Fig.1 Frequency of comorbidities in survivors and non-
survivors of COVID-19

3.2. Laboratory Findings

Major laboratory parameters and markers were
tracked for all patients with COVID-19, surviving and
non-surviving.
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3.2.1. Hematological Parameters

The mean Hb level 12.79£1.38 in all patients, and
the results showed no significant differences between
survivors and non-survivors of COVID-19 (12.89+1.49
vs. 12.58+1.13, p=0.294). The median WBC cell count
was (8.7) mg/dl (IQR: 6.1-15.63 mg/dl). The mean
WBC in non-survivor patients was markedly higher
than that in survivors (15.49+4.68 vs. 7.7414.04,
p=0.0001); 2(6.1%) of non-survivor patients had WBC
<4 mg/dl, but 87.9% had WBC >10 mg/dl as compared
to survivor patients 17 (25.4%) and 14 (20.9%),
respectively. The median (IQR) value 57.6 (52.8-61.1))
was significantly lower in survivors than in non-
survivors (p=0.003).

3.2.2. D-dimer, Ferritin, CRP, and LDH

The average value of D-dimer was (2.35) pyg/ml with
(IQR: (1.2-4.72) pg/ml, highly significant in non-
survivors when compared with survivor (3.86+2.12 vs.
2.62+2.1, p=0.007). The normal level of ferritin (20.0—
300.0 Ig/mL) was also elevated with COVID19 a

®2

median value was (775) pg/ml (IQR: 720.3-866.4)
pg/ml. Ferritin levels were significantly elevated in non-
survivors mean value was (831.4£146.03) ug/ml)
compared to survivors (766.74+91.21) ug/ml,
(p=0.008).

The highest CRP level was achieved with COVID-
19 (4.55) mg/dl, (IQR:1.5-5.3 mg/dl), and CRP (normal
value: <0.5 mg/dl). A significantly increased mean
value of (5.58+1.43) mg/dl was observed in non-
survivors compared to (3.14+2.39) mg/dl in survivors
(p=0.0001). Moreover, the median serum LDH level
was (341.5) IU/L, (IQR: 291.3-427 IU/L), which is
significantly higher in non-survivor than survivor mean
value of (403.06+99.06 vs. 332.37+94.06, p=0.0001).

3.2.3. Analysis of the Correlation between Laboratory
Parameters
The connections between inflammatory biomarkers
and D-dimer (ferritin, CRP, and LDH), in addition to
WBC and lymphocyte counts, are presented in Table 2
and Figure 2.

Table 2 Correlations of D-dimer, CRP, and ferritin levels in COVID-19 patients

Parameters D. dimer (pg/mbFerritin (ug/m)CRP (mg/dDLDH (IU/L)WBC (X10 mm3)
Ferritin R 0.355" -
P-value <0.001
R 0.646™ 0.244"
CRP P-value <0.001 0.015
LDH R 0.457" 0.667" 0.457"
P-value <0.001 <0.001 <0.001
R 0.437" 0.315" 0.444™ 0.360"
WBC P-value <0.001 0.001 <0.001 <0.001
L hocvt 0.374" 0.159 0.436" 0.250" 0.400™
YMPROCY!es value  <0.001 0.114 <0.001  0.012 <0.001

No. of COVID19 patients = 100; WBC, leukocytes; CRP, C-reactive protein; LDH, lactate dehydrogenase. * Correlation is significant at p-value < 0.05;

**_at p-value < 0.01.
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Fig.2 Multipule scatter plots showing correlations between D. dimer, ferritin, CRP, LDH, WBC, and lymphocyte counts in
patients with COVID-19. WBC, white blood cells; CRP, C-reactive protein; LDH, lactate dehydrogenase

The results revealed a significant positive
correlation between D-dimer and ferritin (r=0.355,

p<0.001), but a high correlation with CRP (r=0.646,
p<0.001), LDH (r= 0.457, p<0.001), WBC count
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(r=0.437, p<0.001), and weak correlation with
lymphocyte count (r=0.374, p<0.001). A significant
weak correlation between ferritin and CRP (r=0.244,
p=0.015) and WBC (r=0.315, p=0.001), but no
significant correlation with lymphocyte (r=0.159,
p=0.114), also a positive correlation with LDH (r=0.667,
p=<0.001). CRP was significantly positively correlated
with LDH (r=0.457, p<0.001), WBC (r=0.444, p=0.001),
and lymphocytes (r=0.436, p=0.114).

3.2.4. The Area under the Curve (AUC)
A receiver operating characteristic (ROC) curve
analysis showed that CRP as a marker of COVID-19

*3

severity in non-survivors compared with survivors had
a cut-off value of 4.45 mg/dl, with 87.9% sensitivity and
37.3% specificity, and high significant AUC = 0.802
(95% CI: 0.717-0.886). In comparison, the AUC for D-
dimer as a marker of COVID-19 severity was 0.749
(95% CI: 0.652-0.846). and a cut-off for D- dimer of
240 yg/ml, with 81.8% sensitivity and 32.8%
specificity. The area under the curve (AUC) of LDH was
0.70 (95% CI: 0.587-0.813), with a cutoff value of
353.50 (IU/L, 72.7% sensitivity, and 37.3% specificity.
However, ferritin showed the lowest AUC of 0.684 (95%
Cl: 0.555-0.813), with a cutoff of 809.50 (ug/ml), 69.7%
sensitivity, and 37.1% specificity (Table 3 and Figure 3).

Table 3 Area under the curve for study parameters to predict marker effectiveness for COVID-19 between survivors and non-survivors

Parameters AUC  Std.Error p-value 95% ClI Cut-off Sensitivity Spegif_icity
CRP (mg/dl) 0.802 0.043 0.0001 0.717-0.886  4.450 0.879 0.373
D. dimer (ug/ml) 0.749 0.050 0.0001 0.652-0.846  2.40 0.818 0.328
LDH (IU/L) 0.700 0.058 0.001 0.587-0.813 353.50 0.727 0.373
Ferritin (pg/ml) 0.684 0.066 0.003 0.555-0.813  809.50 0.697 0.371

Source of the
Curve
s T dimer (pLg/ml)

Ferritin (pg/ml)
= o= CRP (mg/dl)
LDH (IU/L)

|} eference Line

0.2

0.4

0.6

1 - Specificity

0.8 1.0

K 3

Fig.3 ROC curve for the D-dimer, Ferritin, CRP, and LDH to predict COVID-19 severity ROC, receiver operating
characteristic; CRP, C-reactive protein; COVID-19, coronavirus disease 2019.

4. Discussion

4.1. Characteristics of Patients with COVID-19
This retrospective study determined several risk
factors for death among adults in Irag who were
hospitalized for COVID-19. In the current study, we
assessed 100 COVID-19-positive patients, of which 67
were survivors and 33 were non-survivors. In particular,
older age and D-dimer levels greater than 1 pg/mL
were associated with a higher risk of non-survivor
hospital death. Additionally, elevated levels of blood
ferritin, CRP, LDH, leukocytosis, and lymphocytopenia
were more commonly observed in association with
disease severity in patients with diagnostic COVID-19.
Both viral survivors and non-survivors were identified in
throat samples. In SARS and MERS, older age is a
substantial independent predictor of mortality [8].
According to the current study, older age is linked to
death in patients with covid-19, according to the current
study. Age-related impairments in T-cell and B-cell

activity, as well as the overproduction of type 2
cytokines, could result in a lack of viral replication

control and extended proinflammatory responses,
potentially leading to poor outcomes [9].
Diabetes, hypertension, heart attack, asthma,

stroke, and renal disease were all found to be comorbid
in this study, and may play an important role in disease
severity and death. An increase in comorbidities with
increasing age could explain the higher mortality rate in
the elderly population [10]. The prevalence of diabetes
mellitus among COVID-19 patients varies according to
previous reports. As reported in [11], diabetes was two
times more common in severe cases than in moderate
cases, and 9.7% of patients had diabetes. The results
of the current study comply with those of [10], and we
found that 85% of the non-survivors had diabetes. The
immune system is believed to be affected by blood
glucose levels, which increase its susceptibility to
SARS-CoV-2 infection and other infectious diseases
[12].
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When comparing non-survivors with survivors of
COVID-19, the current study found a greater rate of
asthma, stroke, and heart attacks. In patients with
severe COVID-19, heart failure and coronary artery
disease (CAD) were more common than in individuals
with moderate COVID-19, as well as in those closely
linked to the occurrence of diabetes and hypertension.
Previous studies have shown that cardiovascular
disorders worsen the severity of covid-19, as well as
mortality, among patients with COVID-19 [10], [13].

4.2. Laboratory Findings
4.2.1. White Blood Cell and Lymphocyte Counts
Laboratory and biochemical parameters were
significantly different between the survivor and non-
survivor groups: WBC, lymphocytes, D-dimer, ferritin,
CRP, and LDH levels were pathologically increased.
The status and degree of multiorgan failure are
reflected in sepsis and septic shock [14]. Although
bacterial infections are the most common cause of
sepsis, viral illnesses can also cause it. This could also
explain why a low lymphocyte count is linked to a poor
prognosis and a higher complication rate [15]. A rapid
increase in neutrophil count may also result in
lymphocyte apoptosis. Additionally, lymphocytes have
ACE receptors, which may be responsible for the direct
cytotoxic action of the virus [16]. In this study, we
discovered that more than 87.9% of non-survivors had
a WBC count of >10.0 cell/L. Although bacterial
infections are the most common cause of sepsis, viral
infections can also cause sepsis [17].

4.2.2. Serum D-Dimer Level

The non-survivor group had much higher D-dimer
values, which was consistent with the findings of other
studies that examined D-dimer levels [18]-[19]. A D-
dimer level >2000 mg/L upon hospital admission was a
predictor of mortality in COVID-19 patients, according
to [15]. When comparing non-surviving COVID-19
patients to survivors, a recent study found that higher
fibrin-relevant (D-dimer and fibrin degradation product)
levels were significantly associated with non-survival in
COVID-19 patients. In severe SARS-CoV-2-infected
patients with increased D-dimer or sepsis-induced
disseminated intravascular coagulation, low-molecular-
weight heparin was also used. Increased D-dimer
levels in hospital admissions may be a good predictor
of COVID-19 severe and fatal COVID-19 cases [20]. A
similar study found that D-dimer can distinguish
between patients with and without significant COVID-
19 forms, although it lacked mortality data [21]. This
could be due to a hypercoagulable state induced by a
cytokine storm and viremia, which leads to fibrin
polymerization, thrombus formation, and ultimately, a
negative consequence [22]. In addition, a significant
positive correlation was observed between D-dimer
and CRP levels (r=0.646; p0.001) in this study.
Comparable findings were obtained in a previous study
[23]. In patients with COVID-19, there is also a strong
positive correlation between D-dimer and CRP levels.
In contrast, the weak relationship between D-dimer and
serum ferritin (r=0.355; p0.001) was significant. These

data imply that during the immunological response to
COVID-19, hyperinflammation stimulates the
coagulation pathways [24].

4.2.3.  Serum Ferritin Level

Non-survivors of COVID-19 had significantly higher
serum ferritin levels. Non-survivors had higher ferritin
levels than survivors [25]. Furthermore, ferritin levels
were observed to increase in correlation with the
severity of the condition [11]. The hospital death rate is
higher in patients with serum ferritin levels >300 ng/mL
than in those with serum ferritin levels of 300 ng/mL [2].
Ferritin level 809.5 was also shown to predict non-
survivors, with a sensitivity of 69.7.9% and specificity of
37.1.2% (AUC = 0.684). When all of these
observations were combined and analyzed,
hyperferritinemia was found to be an independent risk
factor for COVID-19 as well as a predictor of illness
severity. There are two possible explanations for the
relevance of ferritin level. According to [26], the clinical
course of severe COVID-19 is similar to that of
macrophage-activating syndrome, which is
characterized by elevated ferritin levels and the
presence of a cytokine storm. In patients with covid-19,
the H-chain of ferritin-activating macrophages is
responsible for the increased inflammatory cytokine
output. Another possibility is that an increase in ferritin
helps the immune system respond to invading bacteria
by supporting iron metabolism, including in viral
infections. For viral replication, the host cells must have
improved cellular metabolism and optimal iron levels.
Thus, restricting iron bioavailability is critical to interfere
with viral replication. Despite the underlying etiology,
Patients with COVID-19 have high blood ferritin levels.
It would be beneficial to determine whether serum
ferritin can be utilized as a biomarker of the severity of
inflammation in COVID-19 patients [27]. Nonetheless,
ferritin levels are thought to be a good predictor of poor
outcomes.

4.2.4. Serum CRP and LDH Levels

CRP is a well-known inflammatory biomarker that is
elevated in most people with COVID-19. In comparison
with non-severe cases, more severe cases showed a
more obvious increase in CRP levels (81.5% vs.
56.4%, respectively) [28]. Higher CRP levels have also
been associated with the development of acute
respiratory distress syndrome, increased troponin T
levels, and myocardial damage in patients with severe
COVID-19 [29]-[30]. This finding can be interpreted as
an indication of severe inflammation. Elevated serum
CRP levels were associated with an increased risk of
death. Non-survivors have a gradual increase in CRP
levels during their hospital stay [17]. We discovered
that non-survivors of COVID-19 had higher CRP levels
than survivors; moreover, the analysis of AUC showed
a higher CRP level (AUC= 0.802 (95% CI. 0.717-
0.886).

5. Conclusions and Recommendations
The study concluded that older age and higher D-
dimer, ferritin, CRP, and LDH levels were associated
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with disease severity, and that adult patients with
COVID-19 had a higher risk of dying. D-dimer and CRP
levels are among the best predictors of disease
progression.

These biomarkers could be utilized to separate
patients who need intensive care at the time of
admission, allowing for risk stratification and, hence,
better patient management. This will also help reduce
patient mortality by allowing early detection of signs of
disease progression.
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