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Abstract:

Numerous blood biomarkers are altered in COVID-19 patients; however, no early biochemical

markers are currently being used in clinical practice to predict COVID-19 severity. COVID-19, the most
recent pandemic, is caused by the SRS-CoV-2 coronavirus. The study was aimed to identify patient groups
with a high and low risk of developing COVID-19 using a cluster analysis of several biomarkers. 137
women with confirmed SARS CoV-2 RNA testing were collected and analyzed for biochemical profiles.
Two-dimensional automated hierarchy clustering of all biomarkers was applied, and patients were sorted into
classes. Biochemistry marker variations (Ferritin, lactate dehydrogenase LDH, D-dimer, and C- reactive
protein CRP) have split COVID-19 patients into two groups(severe cases and non-severe cases groups).
Ferritin, lactate dehydrogenase LDH, D-dimer and CRP were markedly increased in COVID-19 patients in
the first group (severe cases). Our findings imply that early measured levels of (Ferritin, lactate
dehydrogenase LDH, D-dimer, and C- reactive protein CRP) are linked to a decreased probability of
COVID-19 severity. Elevated levels of this biomarker may predict COVID severity development.

Keywords: COVID-19, Cluster Analysis, C- reactive protein CRP, D-dimer, Ferritin, Lactate dehydrogenase
LDH.

Introduction:

COVID-19, the most recent pandemic, is
caused by the SRS-CoV-2 (sARS-CoV-2)
coronavirust. COVID-19 has been declared a
pandemic by the World Health Organization
(WHO) in March 2020.2 Since then, 112,931,685
COVID-19 cases have been documented, with
502,906 deaths confirmed in 216 countries and
regions as of February 20213 SARS-Covid-2 shares
clinical characteristics with SARS-Covid-1 and
MERS-Cov.*Although a large number of Covid-19
patients have a moderate influenza-like disease or
are asymptomatic, a tiny percentage of patients
suffer severe pneumonia, multi-organ failure, acute
respiratory distress syndrome, or even death °. It's
still a mystery why some people become seriously
ill and others don't. Risk categorization has been
suggested using comorbidities and laboratory
indicators®’. Hyperinflammation is associated with

hyperferritinemia, high serum procalcitonin (PCT),
D-dimer, and C-reactive protein (CRP) in critically
ill patients, according to accumulating evidence.
These data show that a cytokine storm may play a
crucial role in covid-19 pathogenesis. Laboratory
biomarkers that predict the severity of COVID-19
are crucial in the case of a pandemic because
resource allocation must be carefully planned,
especially in the case of respiratory support
readiness.tIn this study, we look at the relationship
between serum ferritin, LDH,C-reactive protein ,
and D-dimer, as well as the severity of COVID19.

Material and Methods:

Sample collection

The studies have been approved by the Committee
of the University of Baghdad, College of Science
for Women, and have been conducted according to
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the ethical standard as outlined in the 1964 Helsinki
Declaration and its subsequent corrections or
comparable ethical standards, also accordance to the
ministry of Iragi health protocols. Each participant
in the study gave their informed consent. 137
patients infected with the SARS CoV -2 RNA
testing were collected and analyzed for clinical,
biochemical, radiological and hematological
profiles. Patients were divided into 2 groups (severe
cases and non-severe cases).

Sample analysis

Five ml of blood was obtained from each patient by
venipuncture using a 5 ml syringe. 2 mL was
dispensed into a tube containing
ethylenediaminetetraacetic acid (EDTA) and
applied to the hematology autoanalyzer. The
obtained serum was used to determine the
concentration of ferritin, D-Dimer, LDH, and CRP.
Serum ferritin and LDH were measured using Kits
provided by (Hitachi, Germany & Japan), (Biolabo,
France) respectively, and the Kits provided by
(Genrui, China) were used to determine D-Dimer
and CRP.

Results

The current study includes 137 individuals with
SARS CoV2 infection, as shown infigl, the

patients split into two clusters depending on the
severity of the illness. The percent of COVID-19
infection was severe cases 50.9% and non-severe
cases 49.1%.

Cluster Sizes

Cluster

1
H2

Figure 1. Distribution of patients into two
clusters depending on the severity of the illness.

The studied parameters were analyzed and
described in Table 1.

Table 1. Descriptive Statistics of Duration of disease in the day, D-Dimer, S. Ferritin, C. R. Protein,

and LDH.
Factors Number Minimum Maximum Mean + SE
Duration 137 3 13 6.8 +0.15
D- Dimer 137 0.1 22 3.0+0.4
S. Ferritin 137 3.8 3193 743450
C.R. Protein 137 0.1 421 4046
LDH 137 177 963 451+58

The descriptive statistics appeared that the
maximum duration of COVID-19 patients was 13
days, after this time the symptom declined, which
led to the delivery of the patients from the hospital,
the mean the duration of the disease was 6.8.
According to the duration data the rest of the
parameter levels were taken at the peak of each one.
The result showed a high level of D-Dimer with a
mean 3.0, a high level of S.Ferritin with a mean
743, a high level of C.R. Protein 40, and also a high
level of LDH with a mean 451, as compared to the
reference range of the lab.

The studied parameters show clear evidence
for their involvement in the estimation of COVID-
19 patients, so to improve the involvement of these
variables the Predictor of Importance of variables
was studied using two- step cluster analysis table 2.
The two-step cluster analysis organized the studied
parameters into two clusters. Cluster 1 with 50.9 %

of the patients was organized as severe cases,
whereas cluster 2 with 49.1 % of the patients was
organized as non-sever cases. Input Predictor
Importance was listed, the first important variable
was S. Ferritin, the second one was LDH, the third
one was C.R. Protein, and the last one was D-
Dimer. Even though the gradation on the
importance of variables, still all of the variables
appeared it's associated with the disease.

All Ferritin, LDH, CRP and D-dimer, are
linked to the severity of the covid19 infection. The
mean of these parameters is significantly increased
in patients with severe coronavirus infection and
reached 1, 287.6, 509.8, 69.4, and 64.68 for
ferritin, (LDH), CRP and D-Dimer respectively,
while in non-severe patients, the levels of ferritin,
Lactate Dehydrogenase(LDH), D-Dimer and CRP is
reached 282.6, 334.8, 18.3, and 0.46 respectively.
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Table 2. Predictor of Importance of variables

Cluster 1 2
Size 50.9% 49.1%
Inputs Severity Severity
100% severe cases 100% non-severe cases
"M S. Ferritin S. Ferritin
1,287.6 282.6
"M LDH LDH
509.8 334.8
™" C.R. Protein C.R. Protein
69.4 18.3
1 D- Dimer D- Dimer
64.68 0.46
"M Input(predictor)Importance
mr
[l
1

S. Ferritin, LDH, C.R. Protein, and D-dimer
are indicated by the frequency as shown in Figs 2,
3, 4, 5 respectively. The results of S. ferritin showed
the high frequency of the data presented in cluster 2.

Also, LDH with higher frequency appeared in
cluster 2, whereas C.R. Protein showed higher
frequency in both clusters, finally, D-Dimer also
showed high frequency in the two clusters.

Cell Distribution
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Figure 2. S. Ferritin frequency in the two clusters
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Figure 3. LDH frequency in the two clusters
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Figure 4. C. R. Protein frequency in the two clusters
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Figure 5. D-Dimer frequency in the two clusters

Discussion:

The clinical course of the COVID19
pandemic is considered to be highly variable.
Although most patients had only mild symptoms, a
significant percentage of patients had severe
symptoms due to virus-induced hyper inflammation
up to respiratory failure requiring mechanical
ventilation® since, the development of the clinical
condition of these patients is difficult to predict,
early identification of prognostic indicators is an
essential basis for regulating treatment plans and
quickly identifying the severity of the patient's
condition. ' Through a cluster analysis of 137
patients, we were able to identify two unique
COVID-19 groupings in this study. The severity of
Cluster 1 was the highest (severe cases 50.9%), and
significant increase in serum Ferritin, LDH, D-
dimer and CRP when compared with cluster 2
(nonsevere cases 49.1%). This result was in line
with earlier reports 12131415 Serum ferritin is an
iron- storing protein that is commonly used to
assess iron levels, but it is also a well-known
inflammatory marker'®. Inflammation and a variety
of disorders can cause large increases in serum
ferritin levels!’.Although the processes underlying

the link between high ferritin and the severity in
COVID-19 patients are unknown, there are various
possibilities: 1) cytokines like interleukin-1 (IL1),
interleukin-6 (IL6) , and tumor necrosis factor-a
(TNF a) can increase ferritin production. As a
result, we hypothesized that the release of
proinflammatory (cytokines) generated by SARS-
CoV-2, which are reported to be high in COVID-19,
would stimulate ferritin production earlier in the
inflammation process. 2) Inflammation-induced
cellular damage can lead to intracellular ferritin
leakage, which raises serum ferritin levels. 18
Several studies have reported an increase in LDH
levels to the severity of COVID19. 1920 | DH is a
glycolytic enzyme found in the cytoplasm of
practically all tissues. Its rise is usually indicative of
tissue injury. An elevated LDH level was a common
observation in MERS-CoV patients, and it was also
one of the most significantly related biomarkers
with ARDS death. # According to our findings, in
the early stages of severe COVID-19 individuals,
elevated LDH revealed possible subclinical tissue
harm. Although the virus attaches to the
angiotensin- converting enzyme 2 (ACE2) receptor
in the lungs 2%, the lungs are one of the first organs
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to be damaged. But as the disease progresses,
various cytokine abnormalities as well as multiple
organ failure can be identified in severe patients
indicating organ damage by the immune system's
over activation. The LDH isoenzymes test can also
assist in the identification of damaged tissues or
organs #. COVID-19 is thought to produce direct
liver damage as a result of viral hepatitis as well as
immunological reactions involving intrahepatic
cytotoxic T cells and Kupffer cells #.Han et al 2
concluded that there is either a substantial
association between LDH and lung damage as well
as the severity of the disease, or that the destruction
of the heart muscle and liver caused by COVID-19
is owing to direct damage of the virus to the target
organ rather than hypoxia generated by lung injury.
It was also observed that increasing lactate
generation by LDH leads to a rise in immune
suppressive cells and a decline in cytolytic cells,
both of which are substantially connected with
disease severity 2. D-dimer is fibrin breaks down
product, a small fraction of protein detected in
blood after fibrinolysis of blood clots. In clinical
practice, determining circulation D-dimer is a
sensitive assay for diagnosing thrombotic
conditions, including pulmonary embolism?. As a
result, D-dimer increases in COVID-19 individuals
may be useful in identifying those who have severe
disease, lung problems, and a high risk of venous
thromboembolism. This would be beneficial with
risk stratification as well as early therapeutic
measures that may reduce morbidity and mortality
associated with COVID19. A new meta-analysis
showed that patients with severe COVID-19 have
higher D-dimer levels than milder forms?. COVID-
19, as a result of the cytokine storm, causes severe
thromboembolic complications in severe patients. In
autopsies of small pulmonary arteries, scientists
identified thrombi, endothelial damage, and fibrin,
and determined that the most dangerous coagulation
disorder was disseminated intravascular coagulation
(DIC). However, it is unclear whether this is a
direct consequence of the SARS-CoV2 virus or a
result of the coagulation system being activated in
reaction to disease severity. High D-dimer levels,
according to the researchers, could indicate disease
severity, pulmonary problems, and thromboembolic
events before they happen. With early identification
and treatment, they hoped to lessen the disease's
morbidity and death 2. The liver produces large
amounts of CRP, an acute-phase protein in response
to infections. This protein is an extremely sensitive
marker for tissue injury and infection. CRP levels
are linked to inflammation, increase activation of
the complement system and enhanced phagocytosis.
CRP, in other words, binds to germs and stimulates

phagocytosis to remove them. 2 The current study
found that severe patients had considerably higher
CRP levels than patients with non-severe
conditions, demonstrating that CRP may be a
diagnostic of disease severity and progression in
COVID-19 patients. According to Liu et al., severe
COVID-19 individuals had considerably higher
CRP than non-severe patients. > Many researchers
2829 found a link between the levels of CRP and
COVID-19 severity and indicated that it might be
used to predict disease severity as an independent
risk factor.

Conclusion:

Global healthcare costs are rising due to the
COVID-19 pandemic's quick spread. Strong
evidence must be gathered in order to accurately
diagnose the patient's condition and foresee
consequences due to the changeable nature of
diseases and complications. Our data suggest that
early evaluated levels of (s. Ferritin, LDH, D-dimer,
and CRP) may be linked to a reduced likelihood of
acquiring COVID-19 severity. Higher levels of
(Ferritin, LDH, D-dimer and CRP) may predict
COVID severity development.

Authors' declaration:

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and
Tables in the manuscript are mine ours. Besides,
the Figures and images, which are not mine ours,
have been given the permission for re-
publication attached with the manuscript.

- Authors sign on ethical consideration’s approval

- Ethical approval: This research was approved by
the Committee of the University of Baghdad,
College of Science for Women, Department of
Chemistry with session 14, number 387 on
19/6/2022, it is performed in accordance with the
ethical standard as laid down in 1964 declaration
of Helsinki statement and its later corrections or
comparable ethical standards.

- Informed consent was obtained from all
individual participants included in the study.

Authors' contributions statement:

E.M.T., M. M. T., and S. K. M., conceived
of the present idea, E. M. T., and S. K. M. have
carried out the experiment. E. M. T., M. M. T., S. K
M., and M. N. A. have contributed to the final
version of the manuscript

References:

1. Kim HK, Ahn J, Atkinson L, Kahlor LA. Effects of
COVID-19 misinformation on information seeking,
avoidance, and processing: A multicountry

1427



Open Access
Published Online First: Suppl. November 2022

Baghdad Science Journal
2022, 19(6): 1423-1429

P-1SSN: 2078-8665
E-ISSN: 2411-7986

comparative study. Sci Commun. 2020 Oct; 42(5):
586-615.

2. Yunus AA, Yunus AA, Ibrahim MS, Ismail S. Future
of Mathematical Modelling: A Review of COVID-19
Infected Cases Using SIR Model. Baghdad Sci J.
2021: 18(1): 824-9.

3. Malik SUF, Chowdhury PA, Hakim A, Islam MS,
Alam MJ, Azad AK. Blood biochemical parameters
for assessment of COVID-19 in diabetic and non-
diabetic subjects: a cross-sectional study. Int J
Environ Health Res. 2022 Jun; 32(6): 1344-1358. doi:
10.1080/09603123.2021.1879741. Epub 2021 Jan 27.
PMID: 33504213.

4. Zhu Z, Lian X, Su X, Wu W, Marraro GA, Zeng Y.
From SARS and MERS to COVID-19: a brief
summary and comparison of severe acute respiratory
infections caused by three highly pathogenic human
coronaviruses. Respir Res. 2020 Dec; 21(1): 1-4.

5. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y et
al. Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet.
2020; 395: 507-513.

6. Pranata R, Huang I, Lukito AA, Raharjo SB. Elevated
N-terminal pro-brain natriuretic peptide is associated
with increased mortality in patients with COVID-19:
systematic review and meta-analysis. Postgrad Med J.
2020 Jul 1; 96(1137): 387-91.

7. Huang |, Pranata R.Lymphopenia in severe
coronavirus disease-2019 (COVID-19): systematic
review and meta-analysis. J Intensive
Care 2020; 8(36): 1-10

8. Huang I, Pranata R, Lim MA, Oehadian A,
Alisjahbana B. C-reactive protein, procalcitonin, D-
dimer, and ferritin in severe coronavirus disease-
2019: a meta-analysis. Ther Adv Respir Dis. 2020
Jun; 14: 1753466620937175.

9. Xie J, Tong Z, Guan X, Du B, Qiu H, Slutsky AS.
Critical care crisis and some recommendations during
the COVID-19 epidemic in China. Intensive Care
Med. 2020; 46(5): 837-40.

10.Herold T, Jurinovic V, Arnreich C, Lipworth BJ,
Hellmuth JC, von Bergwelt-Baildon M, et al.
Elevated levels of IL-6 and CRP predict the need for
mechanical ventilation in COVID-19. J Allergy Clin
Immunol. 2020 Jul 1; 146(1): 128-36.

11. Feketea GM, Vlacha V. The Diagnostic Significance
of Usual Biochemical Parameters in Coronavirus
Disease 19 (COVID-19): Albumin to Globulin Ratio
and CRP to Albumin Ratio. Front Med (Lausanne)
2020; 7: 566591

12.Feng Y, Ling Y, Bai T, Xie Y, Huang J, Li J, et al.
COVID-19 with different severities: a multicenter
study of clinical features. Am J Respir Crit Care Med.
2020 Jun 1; 201(11): 1380-8.

13.Wu C, Chen X, Cai Y, Zhou X, Xu S, Huang H et al.
Risk factors associated with acute respiratory distress
syndrome and death in patients with coronavirus
disease 2019 pneumonia in Wuhan, China. JAMA
Intern Med. 2020 Jul 1; 180(7): 934-43.

14. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J et al.
Radiological findings from 81 patients with COVID-

19 pneumonia in Wuhan, China: a descriptive study.
Lancet Infect Dis. 2020 Apr 1; 20(4): 425-34.

15.Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al.
Prognostic value of interleukin-6, C-reactive protein,
and procalcitonin in patients with COVID-19. J Clin
Virol. 2020 Jun 1; 127: 104370.

16. Khaleel FM, Muhi SA, Selman AD. Assessment of
Pro Hepcidin and Related with Iron Profile on
Hemodialysis Men Patients. Baghdad Sci J. 2016;
13(1): 74-81

17. Connelly K G, Moss M, Parsons P E, Moore E E,
Moore F A, Giclas P C. Serum ferritin as a predictor
of the acute respiratory distress syndrome. Am J
Respir Crit Care Med. 1997; 155: 21-25

18.Lin Z, Long F, Yang Y, Chen X, Xu L, Yang M.
Serum ferritin as an independent risk factor for
severity in COVID-19 patients. J infection. 2020 Oct
1; 81(4): 647-79.

19.. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX,
et al Clinical characteristics of coronavirus disease
2019 in China. New Engl J Med.. 2020 Apr 30;
382(18): 1708-20.

20.. Zhang C, Shi L, Wang FS. Liver injury in COVID-
19:  management and  challenges. Lancet
Gastroenterol. Hepatol. 2020 May 1; 5(5): 428-30.

21.Shi J, Li Y, Zhou X, Zhang Q, Ye X, Wu Z, et al
Lactate dehydrogenase and susceptibility to
deterioration of mild COVID-19 patients: a
multicenter nested case-control study. BMC Med.
2020 Dec; 18(1): 1-6.

22.Zhou P, Yang X, Wang X, Hu B, Zhang L, Zhang W,
et al.. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;
579(7798): 270 -3.

23.Ahmed TH, Al-Mousawi NH. Post-hospitalization,
levels of D-dimer, C-reactive protein, ferritin, and
lactate dehydrogenase in recovered COVID-19 Iraqi
patients. Sys Rev Pharm. 2020; 12(1): 92-9.

24.Han Y, Zhang H, Mu S, Wei W, Jin C, Tong C, et al .
Lactate dehydrogenase, an independent risk factor of
severe COVID-19 patients: a retrospective and
observational study. Aging (Albany NY). 2020 Jun 6;
12(12): 11245.

25.0lson JD. D-dimer: an overview of hemostasis and
fibrinolysis, assays, clinical applications. Adv Clin
Chem. 2015; 69: 1-46. doi:
10.1016/bs.acc.2014.12.001

26.Lippi G, Favaloro EJ. D-dimer is associated with
severity of coronavirus disease 2019: A pooled
analysis. Thromb Haemost. (2020) 120:876— 8. doi:
10.1055/s-0040-1709650

27.Emin M. D-dimer levels and COVID-19 severity:
Systematic Review and Meta-Analysis. Tuberk
Toraks. 2020; 68(4): 353-60.

28. Sadeghi-Haddad-Zavareh M, Bayani M, Shokri M,
Ebrahimpour S, Babazadeh A, Mehraeen R, et al.C-
Reactive Protein as a Prognostic Indicator in COVID-
19 Patients. Interdiscip Perspect Infect Dis. 2021 Apr
23;2021.

29. Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al.
Prognostic value of interleukin-6, C-reactive protein,

1428



Open Access Baghdad Science Journal P-1SSN: 2078-8665
Published Online First: Suppl. November 2022 2022, 19(6): 1423-1429 E-ISSN: 2411-7986

and procalcitonin in patients with COVID-19. J Clin Virol. 2020 Jun 1; 127: 104370.

19 25858 BAG] TS AyilyasS gl Clacal sl (g g Jolal

3ada cpall e paMA) Zada cpall s aa) ja Tiaae Al dligw
4aaaa Alllase aad 3 e

Sl aleolany el dasla el 3 Austigl o sle 41
ol ) s ¢3ynll el & Se o S S dnala?

é\)ﬂ\d\d&.} cg\,}a..)ﬁ\ (‘.u.né c.ﬁ\.lﬁl_.\ 3:./.\1; ‘thﬂ e)&:d\ 2:\5 3

é\‘)ﬂ‘ AR 42\:13“;“ C«L}A:}SS\ PILCY Aaall 3‘)\‘}‘9 6%&’:\“ ?u\)Sl\ M“

-dadAl)
LilasS 50 ldle aladind UWla 5 Y ¢ @b qas ¢ COVID-19 (oo s3] L aall gl Lyl (o 22l

COVID-19 = 4ol dnididly ddlall 55 ghadll i) o jall e sana 2385 (5l 3all 31 .COVID-19 23y 5uill 5 S
Gkl a3 Lelilad 5 35S 5all SARS COV-2 RNA ki) e 81 5l 137 an &5 Ay gaad) &l gl (o paell (g0 siiad) Julatl) aladiiady
e 5y SO ¢ Gy pdl) 82 ) o3 i ) i pal) il g ¢ A o) el mpend Sl S ) e el el

Ula s Al il s (3a2l) sl (I5Y1 de sandl) (8 COVID-19 (o e b basale IS5 CRP sD-dimer «LDH
C- CRP s« D-dimer s « lactate dehydrogenase LDH s Ferritinge sSwe <y 8 leuld o3 il il siadd) o) ) L)

JVaad sy (5 sanll 8 sall 138 (e dnii el il sl L 8 COVID-19. sy Aba¥) Jainl (aliails Aasi o (a5 0 el
.COVID19

a5 u (63 Y (8 il 52 (T ¢l s skie JiIaT ]9 Sepalidal) cial<)

1429



