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Abstract

Background: The pathogenesis of (COVID19), is still not
totally delineated. COVID-19 is both arespiratory and systemic
thrombotic disease. Given the dual function of plasmin(ogen)
in promoting viral infection and regulating fibrinolysis, the dys-
regulation of which isthe most severe consequence of COV-
ID-19, our attention has been directed towards investigating
this process.

Aim of Sudy: This study aimed to find alink between the
level of plasmin in serum of patients with comorbidities as
compared to those without and correlate it with the severity of
Covid-19.

Results: Sixty-eight hospitalized patients having COV -
ID-19 were included in this study. A total of twenty-six indi-
viduals who were matched in terms of age and sex to the non-
Covid-19ill group were selected as controls. Serum plasmin
level was lower in patients than in control subjects (Median
(Range):136.05pg/ml (7.10-1000pg/ml), 152.15pg/ml (8.90-
988.60pg/ml), respectively), however it was not statistically
significant (p-value: 0.062). Lower plasmin level, higher fer-
ritin, higher creatinine, and older age were significantly associ-
ated with the presence of comorbidities. Serum plasmin level
was substantially lower in hypertensive patients andother co-
morbidities but did not differ with diabetic patients. Plasmin
level did not correlate with CT severity.

Conclusion: Serum plasmin level in covid patients was
not correlated to disease severity. It was significantly lower
in those with hypertension and other comorbidities (p-values
0.001,0.048 respectively), but not with diabetes. However, only
diabetes was significantly associated with CT severity (p-value
0.006).
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Introduction

THE clinicalpresentation of COVID-19 clinically
can encompass variable medical conditions, includ-
ing respiratory failure requiring artificial ventilation
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aswell asintensive care unit (ICU) support, besides
by systemic manifestations such as septicaemia,
septic shock, as well as multiple organ dysfunction
syndromes (MODS).Severe pneumoniaand ARDS
are pathological consequences that can arise from
COVID-19. Mortality rates are impacted by vari-
ous host-related characteristics, including age, male
gender, immunological response, aswell as comor-
bidities[1].

While SARS-CoV-2 always recognized as a pre-
dominant respiratory pathogen, it is more appropri-
ate to classify COVID-19 as a disease that hits both
the respiratory system and the systemic thrombotic
processes [2]. The primary pathological character-
istic of viral-induced ARDS is the presence of fi-
brin buildup in the microvasculature and alveoli.
Several autopsy dependent studies have substanti-
ated that the vast majority of individuals who suf-
fer from COVID-19 exhibit widespread pulmonary
microthrombi as a significant manifestation [3]. The
adverse effects of COVID-19 are further aggravated
by the capacity of the SARS-CoV-2 virus to induce
thrombosis in blood vessels [4], resulting in dis-
seminated intravascular coagulation (DIC) aswell
as massive release of cytokines, whichiscalled a
cytokine storm [5].

The presence of a condition of hyperfibrinolysis,
marked by elevated levels products of fibrin break-
down, as D-dimer, and decreased platelet count, is
notably observed in COVID-19 patients showing
high mortality rate [6]. Fibrinolysisis a complex
biological processin which athrombus composed
of fibrin is broken down and restructured by the
protease plasmin. Plasmin is generated through the
change of plasminogen, a zymogen, facilitated by
plasminogen activators such as tissue-type (tPA)
and urokinase-type (UPA), as well as plasminogen
activator inhibitor-1 (PAI1) [7]. The existence of a
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furin site in the envelope proteins of several viruses,
including SARS-CoV-2, has been proposed toplay
an important role in increasing the virulence as well
as pathogenicity of these viruses by its interaction
with plasmin (ogen) [8], Plasmin has the potential to
break the S protein of the virus, which increasesits
affinity for angiotensin converting enzyme 2 recep-
tors on host cells. This process facilitates the entry
and fusion of the virus [8]. In recent studies, there
has been a suggestion that tPA and PAI-1 could
serve as potential biomarkers for COVID-19, as
higher levels of both have been observed in patients
who have been hospitalized due to the virus[9].

Consequently, in the current investigation, our
objective was to find alink between these observa-
tions by measuring the level of plasmin in the serum
of patients with comorbidities as contrastedwith
those without comorbidity and correlate it with the
severity of Covid-19 presentation, in a population
of infected Egyptian patients.

Patients and M ethods

Study done after obtaining Ethical approval
committee letter.

IRB: N-184-2023.

Sixty-eight patientssuffering from COVID-19
diagnosed by swab SARS CoV2 using reverse tran-
scription-polymerase chain reaction (RT-PCR) test
were included in this investigation. Patients were
admitted to the Chest Department of KasrAlainy-
School of Medicine, Cairo University. Twenty-six
age and sex-matched sicknon-covid subjects (p-
values: 0.813, 0.621, respectively) were recruited as
controls.

Inclusion criteria: Admitted patients proved to
have Covid-19 by swab PCR testing of different se-
verity of infection.

Exclusion criteria: Non covid patients or pa-
tients suspected to be Covid with no swab results.

All participants in the study provided written in-
formed permission in accordance with the principles
outlined in the Declaration of Helsinki..The patients
underwent a comprehensive process of history tak-
ing, which encompassed gathering information
about their medical history, including any existing
comorbidities as COPD, IHD, hypertension, renal
disease and diabetes, clinical examination, imaging
(Chest X-ray and/or high-resolution computerized
tomography of chest (HRCT-chest) when feasible).
Laboratory analysisin the form of complete blood
pictures (CBC), kidney function tests, liver func-
tion tests, as well as blood sugar was also done.

Serum plasminogen level was measured uponpa-
tient’s admission using [(Human (PL/Fbn) ELISA
kit, catalogue no.: 201-12-1137, Shanghai] accord-
ing to manufacturer instructions. The samples were
subjected to centrifugation at aforce of 2000 x g
for 15min at a temperature of 4°C and subsequently
frozen at —80°C until analysis. Patients were clas-
sified into three classes: Mild, moderate, as well as
severe based on CT findings.

In accordance with the Chinese guidelines for
the management of COVID-19, the classification of
Severe COVID-19 was determined by the observa-
tion of radiological indications of lung infiltration
over 50%, coupled with the presence of either ares-
piratory rate equal to or greater than 30 breaths per
minute, or an oxygen saturation level (Sa02) below
92%.

The data were gathered on the first day of admis-
sion for each subject.

Satistical analysis:

Data were coded then entered by using the sta-
tistical package for the Social Sciences (SPSS) ver-
sion 28 (IBM Corp., Armonk, NY, USA). Mean,
standard deviation, median, minimum, and maxi-
mum were used to summarize quantitative data,
while frequency (count) aswell asrelative frequen-
cy (percent) were used to represent categorical data.
The non-parametric Mann-Whitney test was em-
ployed to conduct comparisons between quantita-
tive variables. A Chi-square (x°) test was conducted
to compare categorical data. The exact test was used
in cases where the anticipated frequency is below 5.
The Spearman correlation coefficient was utilized
to examine the correlations between quantitative
variables. Statistical significance was attributed to
p-values that were less than 0.05.

Results

Demographic, clinical aswell aslaboratory
findings are presented in Table (1). The level of
serum plasmin was found to be significantly lower
in patients compared to control individuals. [Me-
dian (Range): 136.05pg/ml (7.10-1000.00pg/ml),
152.15pg/ml (8.90-988.60pg/ml), respectively],
however, it was not statistically significant (p-val-
ue: 0.062). Comparisons between patients having
comorbidities and those without are shown in Table
(2). Lower plasmin level, higher ferritin, higher cre-
atinine, and older age were significantly associated
with the presence of comorbidities. Serum plasmin
level was significantly lower in hypertensive pa-
tients and those with other comorbidities but did not
differ with diabetic patients Table (3). However, al
diabetic patients had moderate or severe CT pictures
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with none havinga mild picture Table (3). Somepa- and CRP. Lymphocytes correlated negatively with
rameters correlated positively with the CT severity severity. Othersincluding plasmin level did not cor-
for covid patients, such as age, AST, ALT, ferritin, relate with CT severity, as shown in Table (4).

Table (1): Demographic, clinica and laboratory data of the studied patients.

Count %
Sex Mae 43 63.2
Female 25 36.8
Comorbidity Present 40 58.8
Absent 28 41.2
Diabetic Present 23 338
Absent 45 66.2
Hypertension Present 30 4.1
Absent 38 55.9
Another comorbidity Present 20 29.4
Absent 48 70.6
Other comorbidity details Renal 2 29
Parkinson 1 15
Malignancy 1 15
IHD 4 59
Hypothyroidism 2 29
Hepatic 3 4.4
CKD 1 15
Asthma 1 15
AF 5 74
Absent 48 70.6
CT severity Mild 13 19.1
Moderate 27 39.7
Severe 28 412
Mean Standard Deviation ~ Median Minimum  Maximum
Age(Years) 56.63 15.61 57.50 28.00 88.00
WBC (x 10° /mm°) 8.34 410 7.50 1.70 27.50
Lymphocyte count (x 103/mm3) 1.26 1.29 0.92 0.10 10.00
Urea (mg/dl) 41.29 45.07 31.00 9.80 300.00
Creatinine (mg/dl) 1.30 2.24 0.90 0.20 17.00
AST (IU/L) 48.99 46.02 32.50 11.00 220.00
ALT (IUIL) 49.76 34.90 38.50 12.00 178.00
Ferritin (ng/ml) 656.47 653.75 480.00 11.00 3000.00
D dimer (ug/ml) 1.03 1.40 0.57 0.07 8.00
CRP (mg/L) 58.62 70.04 43.50 0.10 399.00

Plasmin level (pg/ml) 177.79 175.44 136.05 7.10 1000.00
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Table (2): Comparison between patients with concomitant comor bidities and those without comorbidities.
Comorbidity
Present (N=40) Absent (N=28) p-
value
Count % Count %
Sex Male 25 62.5 18 64.3 0.881
Female 15 375 10 357
CT severity Mild 4 10.0 9 321 0.069
Moderate 17 425 10 357
Severe 19 475 9 321
Comorbidity
Present Absent p-
M D Medi Mini Maxi value
ean ian ini- axi- i Mini- Maxi-
mum mum Mean D Median mum mum
Age (Years) 62.38 1166 61.00 43.00 88.00 4843 17.02 4150 28.00 80.00 <0.001
WBC (x 10° /mm3) 7.72 4.38 6.75 2.60 27.50 9.23 3.55 9.95 170 1570 0.022
Lymph (x 10° /mmB) 0.97 0.53 0.90 0.10 2.56 1.68 184 127 039 1000 0.085
Urea (mg/dl) 49.01 57.06 37.00 9.80 300.00 3025 1116 30.00 1300 71.00 0.112
Creatinine (mg/dl) 1.65 2.87 1.00 0.50 17.00 0.81 034 070 020 140 0.027
AST (1U/L) 4375 2280 37.00 13.00 129.00 5646 66.38 30.50 11.00 220.00 0.058
ALT (IU/L) 4735 3039 3850 1200 17800 5321 40.84 3850 16.00 160.00 0.891
Ferritin (ng/ml) 890.99 75340 709.00 41.70 3000.00 32143 206.78 25750 11.00 749.00 <0.001
D dimer (ug/ml) 0.96 147 0.44 0.24 8.00 111 131 0.75 0.07 450 0.280
CRP (mg/L) 70.73 80.25  50.00 0.10 399.00 4132 4840 19.15 0.37 168.00 0.070
Plasminlevel (pg/ml) 137.89 146.22 12610 7.10 1000.00 234.79 19942 16855 7.70 85170 <0.001
Table (3): Serumplasminogen level and CT severity in patients with comor bidities.
Diabetic Hypertension Other comorbidities
Present Absent Present Absent Present Absent
Plasmin level (pg/ml):
Mean + SD
160.72+186.42 186.52+171.07  142.56+167.28 205.61+178.9 123.82+33.31 200.28+204.14
Median (Range) 124.8 144.7 123.55 154.7 132.3 1453
(11.3-1000) (7.1-851.7) (7.7-1000) (7.1-851.7) (7.1-187.4) (7.7-1000)
Diabetic Hypertension Other comorbidities
Present Absent Present Absent Present Absent
CT severity:
Mild Count (%) 0 (0%) 13 (28.9%) 4 (13.3%) 9(23.7%) 4 (20 %) 9 (18.8%)
Moderate Count (%) 10 (43.5%) 17 (37.8%) 13 (43.3%) 14 (36.8%) 11 (55%) 16 (33.3%)
Severe Count (%) 13 (56.5%) 15 (33.3%) 13 (43.3%) 15 (39.5%) 5 (25%) 23 (47.9%)
p-value 0.006 0.555 0.183
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Table (4): Correlation between Covid severity and other vari-

ables.
CT severity
Correlation
Coefficient ~ PVave N
Age 0.274 0.023 68
WBC 0.074 0.550 68
Lymphocytes count -0.246- 0.043 68
Urea 0.189 0.123 68
Creatinine 0.187 0.127 68
AST 0.242 0.047 68
ALT 0.256 0.035 68
Ferritin 0.294 0.015 68
D dimer 0.174 0.157 68
CRP 0.376 0.002 68
Plasmin level 0.102 0.406 68
CT severity
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Fig. (1): Therelation of the presence of diabetesto the CT se-
verity state in the studied covid-19 patients.

Discussion

The observation of markedly elevated levels of
fibrin degradation products (FDPs) as well as de-
creased platelet counts in individuals having severe
COVID-19isindicative of the occurrence of hyper-
fibrinolysis. Plasmin, an essential component in the
fibrinolysis mechanism, contributes to the increased
virulence as well as pathogenicity of viruses that
contain afurin site within their envelope proteins,
such as SARS-CoV-2 [10].

The purpose of this study isto find alink be-
tween these observations by measuring the level of
plasmin in serum of hospitalized covid 19 patients
with comorbidities as contrasted with those with-
out comorbidity and correlate it with the severity of
Covid-19 presentation, in a population of infected
Egyptian patients. This study represents a novel in-
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vestigation, asit isthe first known attempt to quan-
tify serum plasmin levelsin Egyptian individuals
diagnosed with covid-19, while also considering
the presence of concurrent comorbidities. The cur-
rent study included 68 RT PCR confirmed Covid
19 hospitalized patients, in addition to 26 age and
sex-matched non-covid19 sick control subjects. The
mean age of the covid 19 patients was 56.6+15.6
with male predominance (63.2%). Although Covid
-19 infection has the potential to impact individuals
across all age groups, the mean age of patients who
need hospital admission may be higher, especialy
in those with underlying comorbidities. Moreover,
the observed male preponderance can be related to
the phenomenon that females frequently showed
decreases susceptibility to viral infections due to
their development of more strong immune respons-
es compared to males. This disparity in immune
response strength can be attributed to the crucial in-
volvement of sex hormones in both innate as well as
adaptive immunity [11]. This was conforming to the
previous reports of Jaiswal et al., 2022 [12].

Nearly two-thirds of the studied patients had pre-
existing comorbidities (58.8%), mostly hyperten-
sion [30 patients (44.1%)] followed by 23 patients
(33.8%) with diabetes, 5 had AF, 4 had IHD, 3 were
hepatic, 2 had hypothyroidism, 2 with renal disor-
ders, 1 had Parkinson, 1 with chronic kidney disease
(ckd), 1 had bronchial asthmaand 1 had malignancy.
Despite the relatively low death rate associated with
SARS-CoV-2 infection, it possesses the potential to
cause significant fatality, particularly among those
with underlying health conditions who are consid-
ered high-risk. The literature has documented an
incidence of SARS-CoV-2 infection accompanied
by co-morbidities of up to 26%. A similar incidence
rate of 30.8%, was also reported [12]. This finding
is consistent with previous research conducted by
Ramadan et al., which identified diabetes mellitus
and hypertension as the most frequently reported
comorbidities, accounting for 29.2% and 23.7% of
cases, respectively [11]. Likewise, other studies have
indicated that hypertension was the predominant
comorbidity among the enrolled individuals, with
diabetes mellitus coming second [13]. In the context
of COVID-19 patients, it is often documented that
the most prevalent comorbidities are hypertension,
diabetes, chronic cardiovascular illnesses, cerebro-
vascular diseases, COPD, as well as chronic kidney
dysfunction [14] .

In thiswork, the plasmin level in covid patients
was less than that in sick non-covidcontrol subjects,
however, it was statistically insignificant. This
finding is consistent with the findings of Henry et
a.’ s study conducted in 2020, which indicated that
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there was no frequent occurrence of significantly
abnormal plasminogen levels among patients with
COVID-19. The researchers were unable to detect
elevated levels of plasminogen on admission in pa-
tients diagnosed with COVID-19 as compared to
individuals in the control group who were also ill.
Furthermore, it was shown that patients who had el-
evated levels of plasminogen upon admission did
not show atendency to develop more severe pic-
tures of the disease[15].

The observed modest drop in plasmin levels can
be attributed to multiple factors. The most probable
hypothesis suggests that plasminogen is depleted
through the process of clot breakdown, aswell as
the breakdown of hyaline membranes within the
alveoli. Another potential explanation suggests that
the activation of fibrinolysis may be initiated by a
viral activator, leading to increased consumption of
plasminogen and enhanced (tPA) levels [16]. Fur-
thermore, the observed decline in disease severity
may be attributed to the enhanced binding of plas-
minogen to receptors found on endothelial cellsand
inflammatory cells such as monocytes aswell as
macrophages [17]. Finally, viral-mediated inflam-
mation with accompanying bradykinin elevation
may increase vascular endothelial tPA release, lead-
ing to plasminogen consumption [18]. Furthermore,
as ACE2 isinvolved in the metabolism of bradykin-
in, reduction of enzyme function due to viral bind-
ing as well as internalization may lead to elevated
bradykinin, further boosting tPA release[19].

Out of the studied 68 Covid-19 patients, the CT
severity was mild in 13 patients (19%), moderatein
27 patients (40%), and severein 28 patients (41%).
This findingmatched with the results of a study con-
ducted in China, which revealed that a majority of
the patients had severe symptoms (47.5%), while
37.8% presented with a moderate form of the dis-
ease. Additionally, 14.2% of the patients were clas-
sified as having a critical condition, and asmall pro-
portion (0.5%) experienced mild infection [20]. In
contrast, an aternative investigation revealed that
asignificant proportion of patients exhibited mild
severity (59.79%), while 21.13% were classified as
moderate, 12.89% as severe, and 6.19% as critically
ill [21]. Meanwhile, in Ramadan’ sstudy [11], asig-
nificant proportion of patients exhibited a moder-
ate level of severity in their COVID-19 symptoms,
consistent with the findings of a meta-analysis
which indicated that 25.6% of patients experienced
severeillness[22]. The observed differencesin dis-
ease severity between studies may be explained by
variationsin the criteria used to classify disease se-
verity, the exact time of patient presentation to the
hospital, individual patient characteristics, as well

as geographical distribution. In addition, the hospi-
talization of patients who arrive late increases the
likelihood of presenting with a severe or critical
stage upon admission. Conversely, an early medical
evaluation has the effect of reducing the severity of
the condition [11].

In thiswork, on comparing Covid-19 patients
having concomitant comorbidities to those with-
out, Covid patients with comorbidities were older
in age, had significantly higher creatinine and fer-
ritin levels, and had lower WBCs counts and lower
serum plasmin levels than those without comor-
bidities. No significant associations were observed
between the existence of comorbidities and covid
severity except for diabetes which was exclusive-
ly and significantly associated with moderate and
severe cases with complete absence of mild cases.
Regarding the high ferritin levels,in the study of
Cheng et d., 2020 [23], COVID-19 persons with co-
morbidities as diabetes, thrombotic complications,
and cancer had elevated levels of ferritin compared
to COVID-19 patients lacking these comorbidities
[23]. Similarly, in the study of Daef et al., comor-
bidities were associated with higher ferritin levels
aswell asolder age [24]. There exists an independ-
ent association between an elevated level of ferritin
and the prevalence of severa health conditions, in-
cluding diabetes, hypertension, CKD, COPD, and
exacerbated asthma symptoms. This association
can be attributed to arobust correlation between
elevated ferritin levels and systemic inflammation
[25]. In the current study,creatinine level was higher
in those with comorbidities than those without due
to the presence of diabetic and renal patients. Many
previous studies as that done by Puri et al.,[26] dem-
onstrated a statistically substantial link between
pre-existing comorbidities and the occurrence of se-
vere cases of COVID-19. Regarding the leukocytic
count, contrary to our results, Zhao et al., reveadled a
significant occurrence of leukocytosis among older
patients who had co-morbidities[27].

DellaMorte et al., conducted a study involving
older patient population diagnosed with COVID-19
and presenting a high prevalence of comorbidities.
Their findings revealed a significant correlation be-
tween reduced levels of plasminogen and various
prognostic indicators of complications, including
inflammatory markers (CRP, PCT, and IL-6), co-
agulation markers (D-dimer, INR, and APTT), as
well as markers of organ dysfunction (FBG and
GFR) [28]. However, in contrary to our findings, Ji
et al., It has been shown that individuals who are
prone to SARS-CoV-2 infection, including those
with hypertension, diabetes, cardiovascular illness,
and cerebrovascular diseases, commonly exhibit
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higher levels of plasmin(ogen), which servesasa
biomarker [29]. Gacche et al.,revealed that an in-
creased concentration of plasminogen is aprevalent
clinical characteristic observed in chronic diseases
linked with the severity of COVID-19, such as hy-
pertension, cardiovascular disease, diabetes, aswell
as chronic renal disorders [30].

In the current study, severity was significantly
correlated to older age, higher AST, ALT, CRP, fer-
ritin and lower lymphocytes count, however, neither
gender norplasmin levelor D dimer values was cor-
related with severity. Also, the presence of comor-
bidities did not statistically correlate with severity,
with the exception of diabetes, which exhibited a
statistically significant association with the severity
of CT findings (p-value 0.006).

It wasinitially unclear if the difference among
age groups reflected the lower risk of severe disease
or areduced vulnerability to infection, but recent
reports showed that younger individuals had similar
vulnerability to older age groups, indicating that the
difference among age groups is one of infection re-
sistance[31]. The critical disease observed in elderly
people can be attributed to various pathogenic caus-
es, one of which is the reduced expression of angi-
otensin-converting enzyme 2 (ACE2) in older indi-
viduals [32], age-related impairment in the ability to
clear particles from the airways, elevated levels of
inflammatory mediators in “inflammation” among
the aged, a deficient immunological response, as
well as a high prevalence of co-morbidities among
the elderly [33]. According to recent retrospective
research in Egypt COVID-19 is more dangerous
and lethal for people of advanced age [34].

Consistent with present findings in our study,
the study conducted by Omran et al. [35] revealed
that several characteristics are correlated with the
severity of COVID-19, such as advanced age, pre-
existing diabetes, as well as other comorbidities.In
addition, it has been observed that increased levels
of (ALT), (AST), aswell asferritinin the blood are
linked to unfavourable outcomes. Furthermore, ad-
vanced age as well as elevated serum ferritin have
been detected as important risk factors for the hav-
ing severe COVID-19. Thefindings of their research
agree with our own, indicating that there is no of
statistically significant difference among both sexes
in relation to the severity of COVID-19. Likewise,
Nasiri et al., found no gender differencesin ICU
admissions reflecting severity [36]. A further study
conducted in Egypt, with a 260 individuals diag-
nosed with COVID-19, revea ed that there existed
no statistically significant correlation between male
gender aswell asthe likelihood of developing criti-
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cal illness [37]. Ciceri et al. [3g] conducted a study
in Italy and found no statistically significant corre-
lation between being female and the likelihood of
developing severeillness. On the contrary, current
surveillance data has indicated that male patients
have a higher vulnerability to severeillness and fa-
tality rates associated with COVID-19 [39], further-
more, past epidemics of SARS have a so document-
ed the presence of this gender-specific difference.
[40]. Lagadinou et al., study showed that males are
more susceptible in devel oping severe disease [12].
Ramadan et alstated that older males (>50 years),
particularly those with underlying co-morbidities,
may be at greater risk for severe SARS-CoV 2in-
fection [11.

In Omran’ s research, a statistically significant
association was observed between diabetes mel-
litus, along with cardiovascul ar illnesses, chronic
renal disease, aswell as cancer, in addition to an
elevated risk of critical illness [35]. Furthermore,
some investigations performed in Chinaand Italy
have demonstrated a heightened severity of SAR-
SCoV-2 infection, necessitating the transfer of pa-
tients with diabetes to the ICU aswell asthe utiliza-
tion of mechanical ventilation [41]. In alongitudinal
study conducted in China, a sample of 7300 pa-
tients was examined to assess the effect of (T2D)
on mortality rates associated with COVID-19. The
findings revealed a statistically significant risein
mortality among individuals with T2D, with almost
three times higher mortality rates compared to non-
diabetic individuals [42]. The occurrence of respira-
tory tract infectionsis often associated by the tran-
sient development of insulin resistance, particularly
among those who are overweight. The complexity
of this scenario arises from the necessity of admin-
istering glucocorticoids, resulting in a subsequent
increase in the dosage of medications for reducing
blood sugar. Diabetes is characterized by amala-
daptive inflammatory response, which contributes
to the exacerbation of viral infection progression
and the potential occurrence of secondary bacterial
complications [43].

Individuals diagnosed with COVID-19 typi-
cally exhibit a haematological profile that is distin-
guished by either anormal or reduced white blood
cell count, as well as a diminished amount of lym-
phocytes [44]. A substantial correlation between
total leukocytic counts and CT severity of thein-
dividuals under study was not observed, contrarily,
inOmran’ s study, [35]. Significant leucocytosis was
observed among the critically ill patients. Signifi-
cant leucocytosis was also discovered by Zhao et
al., in older adults with many medical conditions
[45].
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In astudy conducted by Ramadan et al., findings
were consistent with our own research, revealing a
negative correlation between lymphocyte count as
well as disease severity. Additionally, severe and ex-
tremely severe patients exhibited elevated levels of
ferritin and D-dimer [11]. The prevalence of reduced
lymphocyte count in individuals with COVID-19
indicates that the virus may impact lymphocytes,
specifically T cells, leading to a decrease in CD4
levels[46]. The occurrence of lymphocytopenia has
been thoroughly documented in a retrospective re-
view conducted on patients from Hong Kong and
Singapore who were affected by the SARS in 2003.
This condition was found to be associated with ad-
verse effects and the need for ICU admission[47]. In
the study conducted by Lagadinou et a. (2020), no
statistically significant differences were seen among
the groups of patients classified as severe and mod-
erate[12].

Most ofthe patients with COVID-19 also had
elevated CRP levels. Furthermore, it iswidely rec-
ognized that COV1D-19 patients exhibit elevated
levels of CRP and other inflammatory biomarkers,
which are regarded as key distinguishing features
[48]. According to the findings, there exists a strong
association between early rise of CRP levels and the
occurrence of mechanical ventilation or mortality
[49].

In accordance with the results of our study, Om-
ran et al.[35] demonstrated that ALT, AST, aswell as
serum ferritin levels can serve as valuable indicators
for predicting the severity of COVID-19. Among the
COVID-19 infected individuals, liver abnormalities
were also a prominent observation. In COVID-19,
liver damage is a possibility. Patients with COV -
ID-19 were found to have elevated liver enzymes
aswell asbilirubin in areported range of 14.8%
to 53.1%. Moreover, the severity of COVID-19is
correlated with the extent of liver damage [50]. Pa-
tients with COVID-19 had considerably higher se-
rum ferritin levels than healthy controlsin the ICU.
Serum ferritin levels were also shown to rise as the
case deteriorated and to be considerably higher in
non-survivors than in survivors [51]. Shoenfeld et
al.,reported that the ferritin H-chain induced higher
levels of inflammatory cytokine production in mac-
rophages. Understanding the pathogenesis of hyper-
ferritinemia syndrome, which includes COVID-19
infection, became a priority [52]. Moreover, Rama-
dan et al. [11] showed that age >53 years,diabetes
mellitus, ischemic heart disease, CT involvement of
two or more lung lobes, bilateral lung lesion, lym-
phopenia, high CRP, elevated ferritin, elevated liver
enzymes (ALT & AST), urea, creatinine aswell as
presence of co-infection weresignificantly contrib-

uted to the devel opment of serious disease. Notably,
our research findings also indicated alack of statis-
tically significant correlation between the level of
D-dimer as well asthe severity of COVID-19[11].

The biomarker D-dimer has been previously
recognized as a significant indicator for the evalua-
tion of risk in patients with COVID-19. It holds pre-
dictive significance for various critical clinical out-
comes, including mortality,|CU treatment as well as
thromboembolic disease[53]. In the study of Niklas
et al., 2022, Non-survivors had more than double
the median levels of D-dimer of survivors among
COVID-19 patients. The researchers aso reached
the conclusion that diminished plasmin activity,
which can occur due to either reduced release of tPA
caused by direct viral damage to the endothelium
or depletion of plasminogen levels, may result in
the inability of the fibrinolytic system to effectively
break down fibrin polymersthat are liberated into
the bloodstream during advanced COVID-19 infec-
tion. This can lead to lowered levels of fibrinolytic
end products in the blood of affected patients, even
when high levels of D-dimer are present. Therefore,
our data enhance the justification for the ongoing
assessment of therapies that enhance fibrinolytic
activity in hospitalized individuals with COVID-19
[54].

Also, Lagadinou et a., in 2020 observed signifi-
cant variationsin D-dimers as well as inflammatory
markers such as CRP, ferritin, and others between
severe as well as non-severe cases. The statistically
significant elevation that was found in more severe
cases, may be related to the activated and acceler-
ated response to infection. Coagulationis also be-
lieved to have an immune function which can be
hence considered another line of defence against
severeinfection[12]. Also, a series of studies[14,15]
have shown the prevalence of high D-dimer values
in patients having severe COVID-19.

In addition, regarding plasmin levels,Della
Morte et al ., [28] said that low plasminogen levels
were an independent predictor of bad outcomesin
people with COVID-19, and that this association
was as large as a 12-fold increase in risk of mortal-
ity. They showed that plasminogen consumption is
linked to elevated levels of inflammatory and co-
agulation indicators as well as organ dysfunctions.
In line with these data, Henry et al., in 2020,showed
that patients with COVID-19 who had low plasmi-
nogen levels were more prone to be admitted to the
ICU [15]. They explained that this may be due to
hospital admission of patients sometime after dis-
ease progression and plasmin consumption. They
found asmall but statistically significant decline
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in plasminogen concentration in proportion to the
progression of disease. This association may be at-
tributed to the shift in the procoagulant pathways
has been noticed in the later stages of COVID-19
additionally, the activation of plasmin(ogen) can
facilitate the progression of infection, in addition
to disseminated intravascular coagulation, by en-
zymatically cleaving proteins that facilitate cellular
infection [55].

Based on the available literature, thisinves-
tigation appears to be the first of its kind address-
ing level of plasmin in the serum of patients with
comorbiditiesin Covid-19 patients in comparison
to those without, however we faced some limita-
tionsin our study. Among these limitations faced
in our work was the small number of patients be-
ing asingle center study in addition to the absence
of an established reference range for serum plasmin
level which was compensated for by recruiting con-
trol subjects. Another limitation was failure to have
a baseline measurement of plasmin at the disease
onset,before hospitalization, especially in patients
with comorbidities.

Conclusions:

Given the nonsignificant difference in plasmin
level between cases and controls, the useantipro-
teases for treating COV1D-19 should be limited.
Serum Plasmin level in covid patients was not cor-
related to disease severity. It was significantly lower
in those with hypertension and other comorbidities,
but not with diabetes. However, only diabetes was
significantly associated with CT severity. More ex-
ploration together with serial measurement of se-
rum plasmin levels may give usinsights fortailoring
novel treatment approaches and designing target
oriented therapeutic agents against COVID-19 es-
pecially in those with pre-existing comorbidities, as
hypertensive patients may be candidates for plas-
min therapy in future experimental studies.
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