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Abstract

Objective: To study the effect of Covid-19 on the levels of some biomarker such as liver enzyme, ferritin, LDH, CRP and ACE-2 activity levels,
and their relations with the severity of Covid-19 and the activity levels of angiotensin converting enzyme-2.

Methods: This case-control study was conducted on 176 male subjects who diagnosed by physician and were divided into three groups:
59 of them were infected with severe covid-19, 54 of them were infected with moderate covid-19 and 63 of them were checked and
obtained as apparently healthy control. Severe and moderate patients were collected from Al-Hayat tertiary center at Al-Hussein Medical
City, Kerbala Health Directorates, Kerbala — Iraq during April, 2020- June, 2021 with matched age ranged between (23-88) years. In this
study, the levels of ACE-2 was measured through enzyme-linked immunosorbent assays (ELISA) in sera from healthy volunteers as a control
group, and patients with moderate Covid-19, patients with severe Covid-19. Anthropometric, biochemical data were analyzed and then
measuring the levels of some biomarker such as liver enzyme, ferritin, LDH, and CRP activity levels.

Results: The levels of ACE-2 were differing significantly among groups. However, the level of CRP, Ferritin and LDH were significantly higher
in moderate Covid-19 and severe cases of Covid-19 groups compared to control indicating it to be an dependent predictor in the
coronavirus disease and prognosis of disease. In contrast the severe infection was correlated with the age and chronic diseases such as

pretention and T2DM.
Keywords: Covid-19, ACE 2, ferritin, LDH, CRP

Introduction

World Health Organization (WHO) reported several cases of
pneumonia of unknown etiology in Wuhan City in Hubei
Province in central China. The cases had been reported since
December 8, 2019, and many patients worked at or lived.! On
January 7, a novel coronavirus, originally abbreviated as 2019-
nCoV by WHO, was identified from the throat swab sample of
a patient.” This pathogen was later renamed as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) by the
coronavirus study group,’ and the disease was named corona-
virus disease 2019 (Covid-19) by the WHO. As of January
30,7736 confirmed and 12,167 suspected cases had been
reported in China and 82 confirmed cases had been detected
in 18 other countries. In the same day, WHO declared the
SARS-CoV-2 outbreak as a Public Health Emergency of Inter-
national Concern (PHEIC).* According to the National Health
Commission of China, the mortality rate among confirmed
cased in China was 2.1% as of February 4 and the mortality
rate was 0.2% among cases outside China.” Among patients
admitted to hospitals, the mortality rate ranged between 11%
and 15%.%” Covid-19 is moderately infectious with a relatively
high mortality rate, but the information available in public
reports and published literature is rapidly increasing.
Angiotensin-converting enzyme (EC 3.4.15.1), or ACE, is
a central component of the renin-angiotensin system (RAS),
which controls blood pressure by regulating the volume of
fluids in the body, by converting the hormone angiotensin I to
the active vasoconstrictor angiotensin II. Therefore, ACE indi-
rectly increases blood pressure by constricting blood vessels.
So, elderly individuals are at particular risk, since many of the
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co-morbidities are age-associated. Those with health condi-
tions such as immune deficiencies, diabetes or cardiac disease
will likely be at greater risk for more severe Covid-19 infec-
tions and ACE1/Ang II- mediated pathology. By contrast, chil-
dren (who lack co-morbidities associated with ACE1/ACE2
imbalance) are predicted to have less morbidity and mortality
from Covid-19.

The aim of the presented work is to determine the associ-
ation between various biomarkers including angiotensin-con-
verting activity, CRP, LDH, ferritin and liver enzyme activity
levels (ALT, AST and ALP) with severity of Covid-19 infection
in Iraqi pandemic of Kerbala Province.

Materials and Methods

This study was conducted on 176 subjects who diagnosed by
physician and were divided into three groups: 59 of them were
infected with severe covid-19, 54 of them were infected with
moderate covid-19 and 63 of them were checked and obtained
as apparently healthy control. Severe and moderate patients
were collected from Al-Hayat tertiary center at Al-Hussein
Medical City, Kerbala Health Directorates, Kerbala - Iraq
during April, 2020- June, 2021 with matched age ranged
between (23-88) years. They are diagnosed by quantitative by
RT-PCR and chest X-ray or CT scan at the 7-12 day from
symptoms on set, with age ranged between (30-67) years and
it consisted of three categories Covid-19 patients were col-
lected at admission and the disease severity was assessed using
Murray scores.® The patients were considered to have severe/
moderate Covid-19 depending upon fever, respiratory mani-
festations and radiological indicative of pneumonia. Patients
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were considered to have severe Covid-19 if any of the fol-
lowing changes was present:

I. Respiratory distraction (= 30/min)
II. Resting oxygen saturated < 90% or
III. Arterial oxygen (PaO2)/fraction of inspired oxygen
< 300 mmHg or
IV. Respiratory failure requiring mechanical ventilation and
require intensive care unit.

Moreover, patient dead considered as Non-survived. This
investigation was approved by local medical ethics and all par-
ticipants, information consent before the onset of study. The
patients were registered and handed over a file for recording
their data such as name, age, gender, weight, height.

Control group were sixty three apparently healthy sub-
jects were selected as control group. Their age and gender were
matched to that of patients. None of them was anemic or has
an obvious systemic disease or any chronic diseases.

Venous blood Samples Collection: five milliliters of
venous blood were drawn from each the patients and control
group by medical syringes was put into gel tubes and left at
room temperature for nearly thirty minutes for clotting, then
centrifuged at 3000 x g for 10 minutes to separate serum which
was divided into two tubes, the first one was used to determine
Ferritin, C-reactive protein concentration (CRP) and activity
levels of each of lactate dehydrogenase (LDH), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST) and
alkaline phosphatase (ALP) on the cobas e601, and the second
tube was stored at —20°C until using for Angiotensin - Con-
verting Enzyme-2 (ACE-2) activity determination by ELISA
Technique.

Data (represented as Mean + SD) were analyzed by using
the Statistical Package for the Social Sciences (SPSS) (version
23). Independent t-test was used to evaluate significant
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differences between healthy and patients groups. Pearson cor-
relation coefficient test was applied to mention the statistical
relationship (association) between any two variables in present
study. The levels of significance of 5% (P < 0.05) and 1%
(P <0.01) were obtained to represent the strength of evidence
in support of significant differences between variables.

Results

The current study included 176 participants classified into (59
of them were severe infected with Covid-19, 54 participants
were moderate infected with Covid-19 and the remaining 63
participants were apparently healthy control individuals).
Some of anthropometric parameters including body mass
index and age of the selected groups were illustrated in Table 1.

In this Table 1 a significant differences between each of
severe and moderate Covid-19 group as compared with con-
trol group was observed with respect to the age (P < 0.01),
while BMI data show a non-significant results (P = 0.817 and
P =0.495) respectively.

The biochemical and clinical feature of the moderate
Covid-19 as compared with apparently healthy group were
illustrated in Table 2. The three groups studied were found to
be different with respect to ferritin, CRP levels, LDH, ACE-2,
ALT, AST and ALP activity levels.

The mean + SD values of the variables ferritin, LDH, CRP,
ACE-2, ALT, AST and ALP are significantly higher in the
severe and moderate Covid-19 as compared to that found in
healthy control, Table 2. This table shows significant differ-
ences between moderate and control groups with respect to
each of ferritin, LDH, CRP, ALT and AST, while ALP and
ACE-2 activity levels were non-significant.

Table 3 show the significant correlation between mod-
erate and severe Covid-19 as compared with control groups

Table 1. Comparison of age and body mass index between moderate and severe Covid-19 groups as compared with control group

Moderate Covid-19 Control group

Control group Severe Covid-19

Parameter N=54 N=63 Pvalue N=63 N=59 Pvalue
Mean + SD Mean + SD Mean + SD Mean + SD

Age, year 52.06+ 1435 4003 +£11.86 <0.001 4003 £11.86 59.1+1264 <0.001

BMI, kg/m? 3259+552 3331+£583 0.495 3331+£583 33.07+£5.72 03817

BMI: Body mass index, N: Number, Significant P < 0.05, SD: Standard deviation.

Table 2. The data obtained of various biochemical parameters in sera of moderate and severe Covid-19 as compared with healthy

control group

Moderate Covid-19 Healthy control

Healthy control Severe Covid-19

Parameter N=54 N=63 Pvalue N=63 N=59 Pvalue
Mean + SD Mean + SD Mean + SD Mean + SD
Ferritin, ng/ml 601.82 +168.52 7565 +395 <0.001 7565 +395 765.04 & 259.37 <0.001
LDH activity, U/I 387.73£129.64 13579+ 3852 <0.001 13579 +38.52 432.9 +144.86 <0.001
CRP, mg/dl 9.14£3.58 035+0.15 <0.001 035+0.15 15.02 £6.53 <0.001
ACE-2 activity, ng/ml 3.83+£0.82 3.03+£0.82 0.721 3.03£0.82 474085 <0.001
ALT activity, U/l 61.92 +27.52 2763 +9.26 <0.001 27.63+9.26 101.11 + 34.69 <0.001
AST activity, U/I 40.86 £ 13.71 22.69 +8.65 <0.001 22,69 +8.65 516%1743 <0.001
ALP activity, U/l 90.11 +32.02 749 £ 2382 0.006 749 +23.82 109.48 + 36.14 <0.001

LDH: Lactate dehydrogenase, CRP: C-reactive protein, ACE-2: Angiotensin-converting enzyme, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase,

AST: Aspartate aminotransferase, 5.D: Standard deviation, P = prober value.
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Table 3. Hypertension, type-2 diabetes mellitus and smoking comparison between moderate and severe covid-19 as compared with

control group

Moderate Covid-19  Healthy control

Healthy control ~ Severe Covid-19

Parameter N=54 N=63 Pvalue N=63 N=59 Pvalue
(%) (%) (%) (%)

Hypertension  With 30 (55.6%) 0(0.0) <0.001 0(0.0) 26 (44.1%) <0.001
Without 24 (44.4%) 63 (100) 63 (100) 33 (55.9%)

T2DM With 20 (37.0%) 0(0.0) <0.001 0(0.0) 28 (47.5%) <0.001
Without 34 (63.0%) 63 (100) 63 (100) 31 (52.5%)

Smoking Yes 4 (7 4%) 0(0.0) 0.043 0(0.0) 5 (8.5%) 0.024
No 50 (92.6%) 63 (100) 63 (100) 54 (91.5%)

according to the hypertension and T2DM (P < 0.001), but
non-significant correlation was observed in smoking mod-
erate and severe Covid-19 patients (P = 0.043 and P = 0.024)
respectively.

These results showed that diabetic patients with Covid-19
had higher severe infection and case-fatality rates as compared
with non-diabetic patients, and T2DM was associated with an
increased risk of severe infection and mortality in patients
with Covid-19.

Discussion

Various biochemical and genetic studies have been done
recently on Iraqi patients infected with Covid-19 especially in
Kerbala province.” Table 1 show a significant differences
between each of severe and moderate Covid-19 group as com-
pared with control group with respect to the age (P < 0.01),
while BMI data show a non-significant results (P = 0.817 and
P =0.495) respectively.

The reason may be due to person ages and its relation with
immunity decreases therefore chronic diseases increased due
to lack of movement and lack of exercise.'”'" Table 2 shows a
biochemical and clinical feature of the moderate and severe
Covid-19 as compared with apparently healthy group.

The three groups studied were found to be different with
respect to ferritin, CRP levels, LDH, ACE-2, ALT, AST and
ALP activity levels.

The mean + SD values of the variables ferritin, LDH,
CRP, ACE-2, ALT, AST and ALP activity levels are signifi-
cantly higher in the severe and moderate Covid-19 as com-
pared to that found in healthy control, Table 2. This table
shows significant differences between moderate and control
groups with respect to each of ferritin, LDH, CRP, ALT and
AST, while ALP and ACE-2 activity levels were
non-significant.

The elevation of ferritin may be due to that it is a key
mediator of immune dys-regulation, especially under extreme
hyper-ferritinemia, via direct immune-suppressive and
pro-inflammatory effects, contributing to the cytokine storm.
It has been reported that fatal outcomes by Covid-19 are
accompanied by cytokine storm syndrome, thereby it has been
suggested that disease severity is dependent of the cytokine
storm syndrome."

Many individuals with diabetes exhibit elevated serum
ferritin levels, and it is known that they face a higher proba-
bility to experience serious complications from Covid-19. On
this basis, we briefly review evidence supporting the
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hypothesis that ferritin levels might be a crucial factor influ-
encing the severity of Covid-19."

Notably, ferritin is not only the result of excessive inflam-
mation, but also plays a pathogenic role in the inflammation
process through its bind with the T-cell immunoglobulin and
mucin domain 2 (TIM-2) by promoting the expression of mul-
tiple pro-inflammatory mediators.” The cytokine storm and
the exaggerated host immune response (i.e, ferritin) partici-
pate in the development of ARDS, which is the leading cause
of mortality if progresses to respiratory failure."* Hyper-ferrit-
inemia caused by the excessive inflammation due to the infec-
tion is associated with the admission to the intensive care unit
and high mortality, and represents an indication to recognize
high-risk patients to guide the therapeutic intervention to
control inflammation.” Serum ferritin, a feature of hemo-
phagocytic lymphohistiocytosis, which is a known complica-
tion of viral infection, is closely related to poor recovery of
Covid-19 patients, and those with impaired lung lesion are
more likely to have increased ferritin levels."

The ferritin levels in our study was significantly increase
in severe more than that found in moderate group as com-
pared with control and it was agreement with other report
which indicate that Covid-19 patients with high levels of fer-
ritin have greater proportions of severe and deceased cases
(P =0.0016)." Similarly, Sun et al revealed that severe patients
and discharged patients have greater proportions of increased
level of ferritin than non-severe patients and hospitalized
patients (100% vs. 50%, 92.3% vs. 37.9% respectively, P <
0.001) and suggested that serum ferritin is a potential risk
factor of poor prognosis in Covid-19 patients.”® Ferritin levels
greater than 800 g/l were found in 100% of patients with severe
disease and 30% of those with non-severe disease.'” Ferritin
and IL-6 showed higher levels in non-survivors throughout
the clinical course, and increased with disease deterioration."’
Another meta-analysis also recommended serum ferritin as a
candidate variable for risk stratification models that may serve
as clinical predictors of severe and fatal Covid-19."

Among inflammatory biomarkers, CRP levels was also
increased significantly at the early stage of the patient studied,
and is a positive correlation with the severity of Covid-19 as
mentioned by other studies which described and has good
diagnostic accuracy in early predicting severe Covid-19.%
The present findings suggest that serum CRP levels could be
used as an essential indicator of the progression and the
severity of Covid-19. Also, suggests that patients with higher
CRP levels should be carefully monitored throughout their
disease course.”” The obtained level of CRP in this studies was
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increased in severe and moderate group without significant
values when compared between them, but in others study CRP
level could also be used in monitoring the progression and
improvement of patients with Covid-19.” Tan et al. and other
studies concluded that CRP was associated with disease pro-
gression and predicted early severe Covid-19.” CRP is a well-
known biomarker of inflammation and is found elevated in
60.7% of patients with Covid-19. More severe cases demon-
strated a more evident elevation in CRP levels as compared to
non-severe cases (81.5% vs 56.4%, respectively).** Higher CRP
levels are also linked to development of acute respiratory dis-
tress syndrome, higher troponin-T levels, and myocardial
injury, which is observed in patients with severe Covid-19."* In
response to infections, the liver synthesizes significant quanti-
ties of acute-phase proteins (APPs), such as CRP. This acute
inflammatory protein is a highly sensitive biomarker for
inflammation, tissue damage, and infection. It has been shown
that CRP levels are correlated with levels of inflammation.
CRP levels can promote phagocytosis and activate the comple-
ment system. In other words, CRP binds to microorganisms
and promotes their removal through phagocytosis.”

As shown previously, this biomarker may be raised by
viral or bacterial infections. The current study revealed signifi-
cantly higher CRP levels in severe cases than in non-severe
patients suggesting that the CRP level may be a biomarker of
disease severity and progression in patients with Covid-19.
Other reported indicate that more severe cases infected with
Covid-19 expressed significantly higher levels of CRP than
non-severe patients,” observed higher CRP levels in severe
Covid-19 patients than in non-severe cases, suggesting that
this biomarker can be monitored to evaluate disease progres-
sion”® performed a meta-analysis to assess CRP levels as a
potential biomarker of the Covid-19 prognosis. Their results
indicated that CRP concentrations remain high in expired
patients and could be a promising biomarker for assessing
mortality.””

The most common patterns of liver enzyme abnormalities
in patients with SARS-CoV-2 include elevated aminotrans-
ferases, with aspartate amino- transferase (AST) and alanine
aminotransferase (ALT) typically 1-2 times more than the
normal upper limit. There are many potential contributing eti-
ologies to elevated liver enzymes in patients with SARS-CoV-2
including direct liver injury, associated inflammatory
responses, congestive hepatopathy, hepatic ischemia, drug-in-
duced liver injury (DILI), and muscle breakdown.”®** The
alteration of liver enzyme activity levels are a common in sera
of Covid-19 studied which related to liver dysfunction and
could be the result of secondary liver damage due to the
administration of hepatotoxic drugs, systemic inflammatory
response, respiratory distress syndrome induced by increased
levels of liver dysfunction biomarkers have been associated
with severe Covid-19 and worse prognosis.*

The elevation in LDH activity level was also observed in
sera of Covid-19 patients studied and may be due to that it is
one of interest biomarkers, especially since elevated LDH
levels have been associated with worse outcomes in patients
with other viral infections. Early data in Covid-19 patients has
suggested significant differences in LDH levels between
patients without severe disease.” Severe infections may cause
cytokine-mediated tissue damage and LDH enzyme release.
Since LDH3 isoenzyme is present in lung tissue, patients with
severe Covid-19 infections can be expected to release greater
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amounts of LDH3 in the circulation, as a severe form of inter-
stitial pneumonia, often evolving into acute respiratory dis-
tress syndrome, is the hallmark of the disease. However, the
contribution of the different LDH isoenzymes to the total
LDH activity observation in Covid-19 has not been
determined.’!

Multiple studies have found LDH activity level act as a
predictor of worse outcomes in hospitalized patients. Many of
the prognosticators and therapies currently being studied for
Covid-19 are based on experience with the previous corona-
virus outbreak severe Acute Respiratory Syndrome (SARS), or
with other viral respiratory infections. LDH levels were also
found to be elevated in patients with Middle East Respiratory
Syndrome (MERS). Elevated LDH levels seem to reflect that
the multiple organ injury and failure may play a more promi-
nent role in this pathology in influencing the clinical outcomes
in patients with Covid-19.%

The activity of LDH levels could be considered for inclu-
sion in future risk stratification models for Covid-19 severity
and mortality. Larger studies are needed to confirm these
findings.”

Chen et al. reported that CRP, ferritin, LDH, and ALT
were significantly higher in severe cases as compared with
mild cases.”

Table 3 show the significant correlation between mod-
erate and severe Covid-19 as compared with control groups
according to the hypertension and T2DM (P < 0.001), but
non-significant correlation was observed in smoking mod-
erate and severe Covid-19 patients (P = 0.043 and P = 0.024)
respectively.

These results showed that diabetic patients with Covid-19
had higher severe infection and case-fatality rates as compared
with non-diabetic patients, and T2DM was associated with an
increased risk of severe infection and mortality in patients
with Covid-19. T2DM may be related to the activation of the
renin-angiotensin system, and patients with T2DM are often
treated with angiotensin-converting enzyme inhibitors
(ACEIs) and/or angiotensin receptor blockers (ARBs), which
may both lead to the increased expression of ACE-2 in tissues,
promoting virus absorption and increasing the risk of severe
infection in patients with T2DM.*

Secondly, T2DM may induce the hypercoagulable state in
patients with Covid-19, resulting in worse outcomes of these
patients. Studies have reported that diabetic patients with
Covid-19 had increased risk of hypercoagulability, and many
severe and fatal patients with Covid-19 seemed to eventually
die of small pulmonary embolism.*

Singh et al. have reported a prevalence of hypertension,
diabetes and CVD in 21%, 11%, and 7% patients, respec-
tively.”” Similarly, in a meta-analysis of 8 trials that included
46,248 Covid-19 patients. Yang et al. reported a prevalence of
17%, 8%, and 5% for hypertension, diabetes and CVD respec-
tively, in patients with Covid-19." In contrast, an Italian study
by Onder et al. found diabetes in nearly 36%, while CVD was
associated in nearly 43% of 355 patients admitted with
Covid-19.¢ Similarly, in a small study of 24 patients from
United States, Bhatraju et al. reported diabetes to be associated
with 58.0% patient with Covid-19.”

Moreover, this condition makes it difficult to control a
SARS/CoV-2 infection. Older adults suffering from under-
lying systemic diseases are more prone to acute respiratory
distress syndrome and cytokine storms.*® The most common
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comorbidities in one report were hypertension (30%), diabetes
(19%), and coronary heart disease (8%)."" Another report
showed that the most frequent comorbidities in patients with
Covid-19 who developed the acute respiratory distress syn-
drome were hypertension (27%), diabetes (19%), and cardio-
vascular disease (6%)."

In the early phase of the Covid-19 pandemic, it was pro-
posed that antihypertensive treatment using ACE-2 inhibitors
or angiotensin receptor blockers (ARBs) may contribute to
adverse outcomes in patients with hypertension and Covid-19.
Most of these studies have suggested that these antihyperten-
sive drugs might increase tissue expression and/or activity of
ACE-2 though some have reported no alternation or decrease
of ACE-2 in response to the drug. Nevertheless, increased
membrane expression of ACE-2 induced by these drugs can
theoretically increase the chance of virus entry into organs.”
The rates of T2DM in subjects affected by Covid-19 vary,
depending on the median age, the severity of illness and the
location of the study population. In general, people with dia-
betes are at higher risk of developing complications, because of
viral infection. The differences in response are likely the result
of the degree of viral loud, host immune response, age of the
patient, and presence of comorbidities.*’

According to various studies, the presented observed data
found the effect of smoking nicotine on the renin-angiotensin
system. Nicotine can impact the angiotensin-converting
enzyme (ACE-2), which is relevant because coronaviruses
bind to ACE-2. Current and past tobacco smoking is associ-
ated with changes in ACE-2 receptor expression. Through
table (3) we found most of patients whether it is severe or
moderate infection with Covid-19 nonsmokers, the reason is
due to nicotine may bind with the ACE-2 receptor and
decrease levels of ACE-2 in multiple organs.’ Smoking is asso-
ciated with increased susceptibility and mortality in MERS-
CoV infection, potentially due to upregulation of dipeptidyl
peptidase-1V, the host receptor for MERS-CoV, in smokers.*
In addition, smoking increases severity and mortality of both
bacterial and viral infections through the induction of
mechanical and structural changes in the respiratory tract and
alteration of cell and humoral-mediated immune responses.*
In the context of respiratory viruses, smoking has been
reported to cause increased hospital and ICU admissions with
influenza infection, greater severity with respiratory syncytial
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virus bronchiolitis and increased mortality with viral
pneumonia.*

In addition, a meta-analysis performed failed to find a
relationship between active smoking and severe Covid-19 on
Chinese patients, and another meta-analysis indicates that
active smoking is not a predisposing factor for hospitaliza-
tion.** The heterogeneity was low to moderate, and after sen-
sitivity adjustments, the prevalence of a history of smoking
was found to be 5.2% in no severe Covid-19 cases and 12.5%
in severe cases. Furthermore, the prevalence of active smoking
was 2.9% in no severe Covid-19 cases and 5.8% in severe cases.
Therefore, severe Covid-19 was observed almost 1.5 to 2 times
more frequently in history of smoking and current smoking
groups.””” In addition, a recent meta-analysis revealed that
active smokers are at higher risk of mortality and serious com-
plications.” Interestingly, this meta-analysis indicated that
serious complications were observed in 48% of former smokers
and 24% of current smokers during Covid-19 course.”® In
addition, a history of smoking has been reported to increase
the progression of Covid-19 disease.” There is growing evi-
dence to support WHO’s statements that smokers are at a
higher risk of developing severe Covid-19 and consequent
death.”*! It seems very clear that the pandemic period is an
opportunity to quit smoking due to the possibility of encoun-
tering worse clinical outcomes and complications in patients
with smoking history.”

Conclusion

There is a positive correlation between the levels of both of
parameters include ACE-2, CRP, Ferritin, LDH, ALT, AST and
ALP levels in severe and moderate infection with Covid-19 as
compared with control group. Type 2 diabetes and hyperten-
sion are important risk factors for severity and mortality in
Covid-19 infected people and are targets that must be inten-
sively addressed in the management of Covid-19 and most of
infected patients were not smokers.

Acknowledgment

All authors would like to thank the participated patients and
the team of Covid-19 Centers for their support during this

study. [l

References

1. Lu, H, Stratton, C.W, et al. (2020). Outbreak of pneumonia of unknown
etiology in Wuhan, China: The mystery and the miracle. Journal of medical
virology, 92(4), 401.

2. Hui,D.S., Azhar, E. |, Madani, T. A., Ntoumi, F, Kock, R., Dar, O, et al. (2020).
The continuing 2019-nCoV epidemic threat of novel coronaviruses to global
health—The latest 2019 novel coronavirus outbreak in Wuhan, China.
International journal of infectious diseases, 91, 264-266.

3. Gorbalenya, A. E., Baker, S. C, Baric, R, Groot, R. J. D., Drosten, C,, Gulyaeva,
etal. (2020). Severe acute respiratory syndrome-related coronavirus: The
species and its viruses—a statement of the Coronavirus Study Group.

4. Burki, T. K. (2020). Coronavirus in China. Lancet Respir. Med. 8 (3), 238.

5. World Health Organization. (2020). Coronavirus disease (COVID-19), 12
October 2020.

6. Huang, C,Wang, Y, Li, X, Ren, L, Zhao, J, Hu, Y, et al. (2020). Clinical
features of patients infected with 2019 novel coronavirus in Wuhan, China.
The lancet, 395(10223), 497-506.

7. Chen, N, Zhou, M., Dong, X,, Qu, J,, Gong, F, Han, Y, et al. (2020).
Epidemiological and clinical characteristics of 99 cases of 2019 novel

Iraq Med J | Vol. 7, No. 4, Autumn 2023: 115-120

coronavirus pneumonia in Wuhan, China: a descriptive study. The lancet,
395(10223), 507-513.

8. Murray, J. F, Matthay, M. A,, Luce, J. M., & Flick, M. R. (1988). An expanded
definition of the adult respiratory distress syndrome. Am Rev Respir Dis,
138(3), 720-723.

9. MohsinH.S., AliH. A. and Al-Tu'maF. J. (2021) Assessment of von Willebrand
Factor/ADAMTS13 Ratio and Vitamin K Levels as Predictor Markers for
Severity of COVID-19 Patients. JOCMS, (In press).

10. Zhou, P, Yang, X. L, Wang, X. G, Hu, B, Zhang, L., Zhang, W, et al. (2020). A
pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature, 579(7798), 270-273.

11. Liang, W. H.,, Guan, W.J,, Li, C.C, Li, Y. M,, Liang, H. R, Zhao, Y, et al. (2020).
Clinical characteristics and outcomes of hospitalised patients with
COVID-19 treated in Hubei (epicentre) and outside Hubei (non-epicentre):
a nationwide analysis of China. The European respiratory journal, 55(6),
2000562.

12. Vargas-Vargas M, Cortés-Rojo C. Ferritin levels and COVID-19 (2020). Rev
Panam Salud Publica. 44:e72.

119



Original

The Impact of Severe Covid-19 in Iragi Patients on Serum Angiotensin-Converting Enzyme-2 Level

13.

14.

20.

22.

23.

24

25.

26.

27.

28.

29.

30.

31

32.

33.

Kernan, K. F. and Carcillo, J. A. (2017). Hyperferritinemia and inflammation.
International immunology, 29(9), 401-409.

Wu, C, Chen, X, Cai, Y, Zhou, X, Xy, S., Huang, H., et al. (2020). Risk factors
associated with acute respiratory distress syndrome and death in patients
with coronavirus disease 2019 pneumonia in Wuhan, China. JAMA internal
medicine, 180(7), 934-943.

. Wang, Y, Wang, Y, Chen, Y, Qin, Q. (2020). Unique epidemiological and

clinical features of the emerging 2019 novel coronavirus pneumonia
(COVID-19) implicate special control measures. Journal of medical virology,
92(6), 568-576.

. Sun, L, Shen, L, Fan, J, Gu, F, Hu, M., An, Y, et al. (2020). Clinical features

of patients with coronavirus disease 2019 from a designated hospital in
Beijing, China. Journal of medical virology, 92(10), 2055-2066.

. Ji,D, Zhang, D,, Chen, Z, Xu, Z,, Zhao, P, Zhang, M., et al. (2020). Clinical

characteristics predicting progression of COVID-19.

. Henry, B.M,, De Oliveira, M. H. S, Benoit, S., Plebani, M., & Lippi, G. (2020).

Hematologic, biochemical and immune biomarker abnormalities associated
with severe illness and mortality in coronavirus disease 2019 (COVID-19): a
meta-analysis. Clinical Chemistry and Laboratory Medicine (CCLM), 58(7),
1021-1028.

. Zhao, S, Lin, Q, Ran, J, Musa, S. S, Yang, G, Wang, W, et al. (2020).

Preliminary estimation of the basic reproduction number of novel
coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-driven
analysis in the early phase of the outbreak. International journal of
infectious diseases, 92, 21-217.

Wang, C, Horby, P.W.,, Hayden, F. G, et al. (2020). A novel coronavirus
outbreak of global health concern. The lancet, 395(10223), 470-473.

. Tan, C, Huang, Y, Shi, F, Tan, K, Ma, Q, Chen, Y, et al. (2020). C-reactive

protein correlates with computed tomographic findings and predicts severe
COVID-19 early. Journal of medical virology, 92(7), 856-862.

Deng, Y, Liu, W, Liy, K., Fang, Y. Y, Shang, J,, Zhou, L,, et al. (2020). Clinical
characteristics of fatal and recovered cases of coronavirus disease 2019 in
Wuhan, China: a retrospective study. Chinese medical journal, 133(11), 1261.
Li, J, Wang, X, Chen, J, Zhang, H..et al. (2020). Association of renin-
angiotensin system inhibitors with severity or risk of death in patients with
hypertension hospitalized for coronavirus disease 2019 (COVID-19) infection
in Wuhan, China. JAMA cardiology, 5(7), 825-830.

Guan, W. J, Ni, Z.Y, Hu, Y, Liang, W. H,, Ou, C. Q, He, J. X,, et al. (2020).
Clinical characteristics of coronavirus disease 2019 in China. New England
journal of medicine, 382(18), 1708-1720.

Povoa, P, Pereira, J,, and Coelho, L. (2009). C-reactive protein: structure,
synthesis and function. C-Reactive Protein: New Research, 307-324.

Sahu, B. R, Kampa, R. K., Padhi, A, et al. (2020). C-reactive protein: a
promising biomarker for poor prognosis in COVID-19 infection. Clinica
chimica acta, 509, 91-94.

Liu, W, Zhang, Q.1,, Chen, J,, Xiang, R, Song, H., Shu, S., et al. (2020).
Detection of Covid-19 in children in early January 2020 in Wuhan, China.
New England Journal of Medicine, 382(14), 1370-1371.

Jothimani, D., Venugopal, R, Abedin, M. F, Kaliamoorthy, I..et al. (2020).
COVID-19 and the liver. Journal of hepatology, 73(5), 1231-1240.

Schaefer, E. A, Arvind, A, Bloom, P. P, et al. (2020). Interrelationship between
coronavirus infection and liver disease. Clinical Liver Disease, 15(5), 175.
Lippi, G., & Plebani, M. (2020). Laboratory abnormalities in patients with
COVID-2019 infection. Clinical Chemistry and Laboratory Medicine (CCLM),
58(7),1131-1134.

Martinez-Outschoorn, U. E,, Prisco, M., Ertel, A, Tsirigos, A, Lin, Z., Pavlides,

S. etal. (2011). Ketones and lactate increase cancer cell “stemness,” driving
recurrence, metastasis and poor clinical outcome in breast cancer: achieving
personalized medicine via Metabolo-Genomics. Cell cycle, 10(8), 1271-1286.
Erez, A, Shental, O, Tchebiner, J. Z,, Laufer-Perl, M., Wasserman, A., Sella, T,
etal. (2014). Diagnostic and prognostic value of very high serum lactate
dehydrogenase in admitted medical patients. Isr Med Assoc J, 16(7),
439-43.

Holt, A, Gislason, G. H., Schou, M., Zareini, B., Biering-Serensen, T, Phelps,
M., et al. (2020). New-onset atrial fibrillation: incidence, characteristics,

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

S.H. Kamel et al.

and related events following a national COVID-19 lockdown of 5.6 million
people. European heart journal, 41(32), 3072-3079.

Connors, J. M., Levy, J. H. (2020). COVID-19 and its implications for
thrombosis and anticoagulation. Blood, The Journal of the American Society
of Hematology, 135(23), 2033-2040.

Singh, N., Tang, Y, Zhang, Z., Zheng, C. (2020). COVID-19 waste
management: Effective and successful measures in Wuhan, China.
Resources, conservation, and recycling, 163, 105071.

Onder, G, Rezza, G, Brusaferro, S. (2020). Case-fatality rate and
characteristics of patients dying in relation to COVID-19 in ltaly. Jama,
323(18), 1775-1776.

Bhatraju, P. K, Ghassemieh, B. J,, Nichols, M., Kim, R., Jerome, K. R, Nalla, A.
K, et al. (2020). Covid-19 in critically ill patients in the Seattle region—case
series. New England Journal of Medicine, 382(21), 2012-2022.

Guo, L, Ren, L, Yang, S, Xiao, M., Chang, D, Yang, F, et al. (2020). Profiling
early humoral response to diagnose novel coronavirus disease (COVID-19).
Clinical infectious diseases, 71(15), 778-785.

Takeda, H., Farsiu, S, et al. (2007). Kernel regression for image processing
and reconstruction. IEEE Transactions on image processing, 16(2), 349-366.
lacobellis, G. (2020). COVID-19 and diabetes: can DPP4 inhibition play a
role?. Diabetes research and clinical practice, 162.

Kaur, G, Yogeswaran, S, Muthumalage, T, Rahman, I. (2021). Persistently
increased systemic ACE2 activity is associated with an increased
inflammatory response in smokers with COVID-19. Frontiers in Physiology,
12,653045.

Seys, L. J., Widagdo, W.,, Verhamme, F. M., Kleinjan, A., Janssens, W.,

Joos, G. F, et al. (2018). DPP4, the Middle East respiratory syndrome
coronavirus receptor, is upregulated in lungs of smokers and chronic
obstructive pulmonary disease patients. Clinical Infectious Diseases,
66(1),45-53.

Huttunen, R, Heikkinen, T.and Syrjanen, J. (2011). Smoking and the
outcome of infection. Journal of internal medicine, 269(3), 258—269.

Han, L, Ran, J,, Mak, Y. W, Suen, L. K. P, Lee, P H,, Peiris, J.S. M., et al. (2019).
Smoking and influenza-associated morbidity and mortality: a systematic
review and meta-analysis. Epidemiology, 30(3), 405-417.

Lippi, G, Henry, B. M. (2020). Active smoking is not associated with severity
of coronavirus disease 2019 (COVID-19). European journal of internal
medicine, 75, 107-108.

Farsalinos, K., Barbouni, A. and Niaura, R. (2020). Systematic review of the
prevalence of current smoking among hospitalized COVID-19 patients in
China: could nicotine be a therapeutic option?. Internal and emergency
medicine, 15(5), 845-852.

Zhao, S, Lin, Q, Ran, J, Musa, S. S, Yang, G, Wang, W, et al. (2020).
Preliminary estimation of the basic reproduction number of novel
coronavirus (2019-nCoV) in China, from 2019 to 2020: A data-driven
analysis in the early phase of the outbreak. International journal of
infectious diseases, 92, 214-217.

Algahtani, J. S, Oyelade, T, Aldhahir, A. M., Alghamdi, S. M., Alimehmadi, M.,
Algahtani, A. S, et al. (2020). Prevalence, severity and mortality associated
with COPD and smoking in patients with COVID-19: a rapid systematic
review and meta-analysis. PloS one, 15(5), €0233147.

Patanavanich, R, Glantz, S. A. (2020). Smoking is associated with COVID-19
progression: a meta-analysis. Nicotine and tobacco research, 22(9),
1653-1656.

Grundy, E. J, Suddek, T, Filippidis, F. T., Majeed, A., Coronini-Cronberg,

S. (2020). Smoking, SARS-CoV-2 and COVID-19: A review of reviews
considering implications for public health policy and practice. Tobacco
induced diseases, 18.

. Kamel, S.H., Al-Tuma, F. J,, Al-Saegh, R. M. (2021). Angiotensin-Converting

Enzyme Receptor Genotype and its Activity Level as Potential Predictors
of the Severity COVID-19 among Iraqi Patients. Journal of Contemporary
Medical Sciences, 76(6).

Reddy, R. K., Charles, W. N., Sklavounos, A, Dutt, A, Seed, P.T., Khajuria, A.
(2021). The effect of smoking on COVID-19 severity: A systematic review
and meta-analysis. Journal of medical virology, 93(2), 1045-1056.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

120

https://doi.org/10.22317/imj.v7i4.1263

Iraq Med J | Vol. 7, No. 4, Autumn 2023: 115-120



