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Abstract

Background: Abnormal inflammation coagulation biomarker levels of tro-
ponin, C-reactive protein (CRP), and D-dimer levels in serum have been de-
monstrated to be associated and involved in the disease progression of
coronavirus disease 2019 (COVID-19).

Methods: First: the study aimed to investigate the correlation of troponin,
CRP, p-dimer, white blood cell (WBC) and polymerase chain reaction—cycle
threshold (PCR-Ct) within COVID-19 survivors (143 patients; 79 males, 64
females) and in deceased (30 patients; 12 males, 18 females) group. Also,
assessing any differences between both groups in studied parameters. Second:
a correlation study of studied parameters' level has been conducted within
families (41 patients; 23 males [seven deaths] and 18 females [eight deaths])
that lost more than one member due to the severity of the disease. Also,
differences between these family and control group (132 patients; 69 males
and 63 females) group in studied parameters have been assessed.

Results: In the first week of hospitalization, there were significant differences
in D-dimer, CRP and troponin level between survived and deceased patient
groups. In the second week of the admission, both groups had significant
differences in the level of all studied parameters; troponin I, D-dimer, CRP,
and WBCs. WBC levels positively correlated to CRP in male survivors
(r=0.75, p<0.0001), and to troponin in deceased male patients (r=0.74,
p =0.007). The second week of patient admission was critical in the group of
families who lost more than one person, when troponin was correlated posi-
tively with D-dimer, CRP, and WBCs.

Conclusion: Troponin, D-dimer, CRP, and WBCs level were significantly
higher in COVID-19 patients who died than in COVID-19 survivors. High
troponin and WBC levels, were considerably associated with families that lost
more than one member, when compared with the unrelated COVID-19 patient
control.
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1 | INTRODUCTION

Beginning in December 2019, the highly infectious
coronavirus disease 2019 (COVID-19), mainly involving
respiratory failure associated with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2), has
emerged as a most threatening worldwide pandemic."”
As of June 10th, 2021, the World Health Organization
announced approximately 175 million confirmed
COVID-19 cases and 3.8 million deaths worldwide.’
COVID-19 patients mostly show flu-like symptoms such
as fever, cough, myalgia, dyspnoea, and fatigue." Ac-
cording to their clinical manifestation, COVID-19 pa-
tients are classified as mild, moderate, severe, or critical.’
Serious cases of the disease can lead to severe pneumo-
nia, respiratory dysfunction, multiple organ failure, and,
subsequently, death.”

There are several biomarkers associated with the se-
verity of COVID-19, including C-reactive protein (CRP),
D-dimer, and troponin.” COVID-19 patients who die
exhibit higher levels of troponin I, white blood cells
(WBCs), bp-dimer, and CRP when compared with
COVID-19 survivors.® Thus, prognostic levels of bio-
markers associated with COVID-19 may assist in un-
derstanding the progression of the disease.” A significant
increase in troponin due to cardiac injury in COVID-19
has been correlated with risk of mortality,'"” which may
be due to ACE2 expression by endothelial and myo-
cardial cells."" Although the biological mechanisms un-
derpinning the elevated levels of plasma D-dimer
associated with COVID-19 remain poorly understood,
initial studies from Wuhan suggest that the increase in
D-dimers is associated with disseminated intravascular
coagulopathy.'” Furthermore, it is now well known that
severity and mortality in COVID-19 are positively cor-
related with age."' As evidence, a higher COVID-19-
related mortality rate has been observed in individuals
over the age of 65 years when compared to those who are
younger, particularly those under 25 years of age, re-
gardless of gender differences.'” Additionally, the corre-
lation between COVID-19 fatality and family genetics is
not fully understood, although one study reported higher
mortality from COVID-19 in families possessing the hu-
man leukocyte antigen (HLA) gene alleles HLA-A*11,
C*01, and DQB1*04."*

Here, we performed a retrospective study to evaluate
any correlation of the potential risk factors troponin,
D-dimer, CRP, WBCs, and reverse-transcription poly-
merase chain reaction-cycle threshold (PCR-Ct) in

COVID-19 patients in families with higher fatality and in
other COVID-19 patients. We also compared the levels of
those parameters between families with higher mortality
and other COVID-19 patients. Additionally, correlations
among some parameters, such as age, PCR-Ct, WBCs,
CRP, D-dimer, and troponin, in COVID-19 patients in
general were also investigated. Furthermore, correlations
among the studied parameters were examined for survi-
vors and deceased patients, taking into account the effect
of gender in each group. Finally, the differences in those
parameters between survivors and non-survivors were
studied and compared between the first and second
weeks of admission.

2 | MATERIALS AND METHODS

2.1 | Study design and patients

The first study included 173 hospitalized (severe)
COVID-19 confirmed patients (91 males, 82 females)
who were divided into two categories: 143 survivors
(79 males, 64 females) and 30 deceased (12 males, 18
females). The same patients were re-categorized in the
second study into two different categories: seven families
who experienced more than one death in hospital (41
patients), and a control group of 132 other hospitalized
confirmed cases (Figure 1). The study was conducted at
Qala Hospital for COVID-19, Kalar, Kurdistan Region,
Iraq from August 21, 2020 to March 6, 2021.

According to the Novel Coronavirus Pneumonia
Diagnosis and Treatment Protocol (Seventh Edition) of
the National Health Commission,'® the clinical classifi-
cation at admission consisted of one of three types: mild
cases—mild clinical symptoms with no pneumonia on
imaging; moderate cases—fever with respiratory symp-
toms and presence of pneumonia on imaging; and severe
cases, which included adults with any of the following—
respiratory distress, respiratory rate>30 breaths/min,
oxygen saturation of <93% during inhalation at rest, and/
or a ratio of arterial partial pressure of oxygen to fraction
of inspired oxygen of <300 mmHg.

2.2 | Reverse-transcription polymerase
chain reaction (RT-PCR)

Real-time RT-PCR to detect SARS-CoV-2 was per-
formed using a viral RNA template extracted from
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FIGURE 1 Flowchart about the study design and steps

nasopharyngeal swab samples. After collection, the
total RNA was automatically isolated within
45 min using the Qiagen EZ1 Advanced XL system
(Qiagen). The presence of SARS-CoV-2 was then de-
tected by RT-PCR amplification of fragments of
the SARS-CoV-2 open reading frame 1ab (ORF1ab) and
envelope (E) genes, using the PowerChek SARS-CoV-2
Real-Time PCR Kit (KogeneBiotech). Thermocycling
was performed on a Rotor-Gene Q thermocycler
(Qiagen), with the conditions for amplification being
50°C for 30 min, 95°C for 10 min, 40 cycles of 95°C for
15s, and then 60°C for 1min. When the two
target genes (ORF1ab and E) tested positive by specific
real-time RT-PCR, a cycle threshold value (Ct-
value) < 36.7 was defined as a positive result and a Ct-
value of greater than 36.7 was defined as a negative
result.'®'’Ct-value is a semi-quantitative assessment
that can widely show the concentration of viral genetic
material in the patient samples following testing by
RT-PCR. A low Ct-value indicates a high concentration
of viral genetic material, which is typically associated
with a high risk of severity, but a high Ct-value in-
dicates a low concentration of viral genetic material
which is typically associated with a lower risk of the
disease severity.'?

Second study

Families who J— Control group
experienced (132 patients)
more than one

death

(41 patients)

Recording data for each COVID-19 patient groups on parameters ; PCR-Ct,
WBC, CRP, D-dimer and troponin in first and second week of the admission

Differences in parameters in each
COVID-19 patient groups at the first
and second week of the admission

2.3 | Biological markers

The biological marker tests conducted in this study in-
cluded complete blood count (CBC), CRP, D-dimer, and
troponin I. The CBC was primarily performed using a
Medonic M-Series haematology analyzer (Medonic M32;
Boule Medical AB) and quantitative immunological de-
termination of CRP in serum was performed using the
cobas c111 (Roche Diagnostics) system. Measurement of
CRP aids in evaluating the amount of inflammation, with
normal values for adults being <5.0 mg/L. Fluorescence
immunoassay ichroma™ II (Boditech Med Inc.) was used
for the D-dimer Rapid Quantitative Test, with a normal
value being <500 ng/ml. Cardiac troponin I tests were
analyzed by the cobas e 411 analyzer (Roche Diag-
nostics), which is a fully automated analyzer that uses
patented ElectroChemiLuminescence technology for
immunoassay analysis. The normal range for troponin is
between 0 and 0.4 ng/ml.

2.4 | Statistical analysis

Pearson correlation and polynomial regression were
employed to analyze the correlations among troponin I,



40f10 WI LEy_]mmunity, Inflammation and Disease

ALI ET AL.

COVID-19 Patients

ALL PATIENTS
DEAD

SURVIVED

Male = Female

FIGURE 2 First studied COVID-19 patients, including
hospitalized 173 patients (male, 91 and female, 82). Studied
COVID-19 patients divided into two categories; survivors patients,
143 (male, 79 and female, 64) and dead patient, 30 (male, 12 and
female, 18)

p-dimer, CRP, WBCs, and PCR-Ct in each studied
COVID-19 group. One-way ANOVA was used to analyze
differences in the investigated parameters between the
two groups.

3 | RESULTS AND DISCUSSION

3.1 | First study

The first part of the current study was conducted on 173
COVID-19 hospitalized (severe) patients, of which 91
(52.6%) were male and 82 (47.4%) were female. This
gender infection rate with SARS-CoV-2 is similar to that
of other studies."” ' The first study group was divided
into two categories: survivors (143; 79 males, 64 females)
and deceased (30; 12 males, 18 females; Figure 2).

The rate of death among females (18/82; 21.9%) in the
current study was generally higher than that of males
(12/91; 13.1%). This result conflicts with data from a
study conducted with more than 1500 COVID-19 patients
from different areas of the world, which concluded that
male patients have a higher mortality rate than fe-
males.'” This discrepancy may be due to age, as the fe-
males in the current study were older (60.16 +12.11
years) than the males (59.35+ 10.25 years), and older
patients are more vulnerable to severe disease and death
from SARS-CoV-2 infection.”**

In the first week of admission to the hospital, there
was no correlation among any studied parameters
(Figure 3A). This was likely because the immune system
requires sufficient time to react specifically to a disease,
so when the body encounters the SARS-CoV-2 virus for
the first time, the immune system cannot work properly
and illness may then occur.”*

In the second week of hospitalization, we found a
positive correlation (r=0.73, p < 0.0001) between WBCs
and CRP (Figure 3B). When patients were divided by

Open Access,

gender, the positive correlation remained (male, r = 0.75,
p <0.0001; female, r=0.72, p < 0.0001; Figure 3F,G). In
addition, a positive correlation (r=0.69, p < 0.0001) was
observed between WBCs and D-dimer in female patients
(Figure 3G), but the correlation was much weaker in
males (r=0.49, p < 0.0001; Figure 3F).

When the immune system reacted with the SARS-
CoV-2 virus during the second week of hospitalization,
the WBC and CRP levels were elevated in a positively
correlated manner. Elevation of blood leukocytes and
CRP may be used as an indicator of the severity of
COVID-19.% During the course of COVID-19, elevation
of leukocyte count and CRP is common among hospita-
lized COVID-19 patients. Although elevated D-dimer le-
vels are consistently observed, their gradual increase
during the course of the disease is particularly associated
with disease worsening.”® The difference in correlation
strength between D-dimer and WBCs regarding male and
female patients may be a second factor, in addition to
age, to explain the previously mentioned high rate of
death among females (see Figure 2).

When the results were analyzed by category (survi-
vors and deceased), neither survivors nor deceased pa-
tients showed any correlation among the studied
parameters during their first week of hospital admission
(Figure 4A). In the second week of the hospitalization,
however, we found a positive correlation (r=0.71,
p <0.0001) between WBCs and CRP in male survivors
(Figure 3K). CRP is a universal inflammatory factor that
has been evaluated under many conditions®’ and re-
cently, it has been found that WBC count, coupled with
CRP, is involved in the prognosis of COVID-19.”%°

A strong positive correlation (r =0.73, p = 0.007) was
observed between WBCs and troponin in deceased male
patients (Figure 4M), indicating a vital role for troponin
in predicting death from COVID-19. Troponin levels are
a well-established marker of myocardial injury,”” and
early studies in patients with COVID-19 reported that
elevated plasma troponin levels were common and as-
sociated with a more severe clinical course and increased
in-hospital death.”" **

There was a highly significant difference in age
(p <0.0001, 10.76 + 2.102 years) between survivors (57.8
years) and those who died (68.6 years; Figure 5), sup-
porting the likelihood that age may play a role in the rate
of death. Reports from different countries refer to a
greater risk of death and high mortality rate among older
patients with COVID-19, in comparison with younger
patients.” ’

In the first week of patient admission, there was a
highly significant difference (p <0.0001) between both
groups in D-dimer (226.2+41.53ng/ml) and CRP
(5.000 + 0.9403 mg/L) levels. p-dimer elevation has been
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linked to coagulopathy and, with disseminated in-
travascular coagulation,'”*® can lead to COVID-19-
associated coagulopathy,””*’ subsequently developing
into capillary microthrombosis, as observed in
post-mortem studies.** In addition, CRP can be con-
sidered an early indicator of pneumonia and the severity
of COVID-19.***

In the first week of admission, there were also sig-
nificant differences between both groups regarding tropo-
nin (p=0.0038; 0.05817 +0.01984), WBCs (p =0.0074;
—0.4137 + 0.1526), and PCR-Ct (p = 0.001; —2.502 + 0.7484;
Figure 5). Levels of p-dimer, CRP, troponin, and viral load
were higher in patients who died than in survivors,
whereas WBC count was higher among survivors. Tropo-
nin increases indicate myocardial injury and have been
correlated positively with mortality,” and some studies
have considered it a predictor of death in COVID-19 pa-
tients.”” Although a number of studies have shown that
immune cells may play a serious role in COVID-19 severity
and susceptibility,” " the relation between WBC levels
and severity of COVID-19 remains unclear. Interestingly,
for unknown reasons, the viral load of deceased patients in
their first week of admission was significantly lower than
that of survivors.*

In the second week of hospitalization, all studied
parameters differed highly significantly (p <0.0001) be-
tween survivors and deceased COVID-19 patients, with
the exception of PCR-Ct. Mean differences between
survivors and those who died were 0.7782 +0.08275 for

troponin, 1685+ 176.4 for bp-dimer, 25.10+2.500 for
CRP, and 10.32 + 0.8450 for WBC count. When the levels
of troponin, D-dimer, CRP, and WBCs had returned to
normal in the survivors, all remained elevated in the
patients who died. If we take into account that the PCR-
Ct value was negative for both categories, it may be
concluded that secondary infection™ and multiorgan
dysfunction’’ caused by the SARS-CoV-2 virus were
possible causes of death. Elevation of cardiac injury and
coagulation pathways may be relevant in defining the
risk of mortality related to elevated troponin levels in
patients with SARS-CoV-2.””

The current study showed that there were no sig-
nificant differences in any parameters between male and
female patients in both weeks of admission (Figure S1).

3.2 | Second study
In the second part of this study, COVID-19 patients were
re-categorized into two groups. The first group comprised
seven families (41 patients; 23 males, 18 females) that
lost more than one member due to COVID-19, with a
total of 15 deaths recorded (seven males, eight females).
The second group, which was the control (132 patients;
69 males, 63 females), also recorded 15 deaths (five
males, 10 females; Figure 6).

There was a significant difference in age between
families in which more than one death occurred and the
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COVID-19  patient  control  group (p=0.003,
—5.911 + 1.946; Figure 7). Detailed data related to para-
meters correlated with families who recorded more than
one death or the control group during the first and sec-
ond week of patient hospitalization, taking into account
gender differences, are presented in Figure S3.

In the first week of patient admission, both groups dif-
fered significantly in PCR-Ct (p <0.0001, 3.542 +0.6321),
WBC count (p=0.001, 0.4515+0.1344), CRP (p=0.006,
—2.484 +0.8835), and p-dimer (p=0.044, —80.29 + 39.58),

COVID-19 patients in Families who lost > 1 member vs
Control group

DEATH IN CONTROL
CONTROL GROUP
DEATH IN FAMILIES WHO LOST >1 MEMBER

FAMILY WHO LOST >1 MEMBER

Male Female

FIGURE 6 COVID-19 patients were re-categorized into two
category: first, families who lost >1 member due to COVID-19
(41 patients; male, 23 and female, 18). Death number in this group
was 15 (male, 7 and female, 8). Second, the control (132 patients;
male, 69 and female, 63), this group lost 5 male and 10 females)
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but there were no significant differences in troponin levels
(Figure 7).

In the second week of hospitalization, patients in
families with more than one death differed highly sig-
nificantly from the control group in relation to troponin
(p =0.0006, —0.3055 + 0.08769), WBC count (p = 0.0005,
—3.517 +£0.9938), and CRP (p=0.024, —6.273 +2.765).
Conversely, there were no significant differences be-
tween the groups in p-dimer and PCR-Ct (Figure 7).

Levels of WBC, CRP, p-dimer, and troponin (not
clearly significant) during the first week of hospital ad-
mission differed between families that lost more than one
member and the control group (Figure 7). These differ-
ences remained and appeared more clearly in the second
week, especially the differences in troponin and D-dimer.
Family variation could explain why some families lost
more members than others. The difference in death rate
among families could be due specifically to some genetic
variations among these families. For example, the pre-
dicted binding peptides for SARS-CoV-2 were found in
patients with the HLA gene allele HLA-B*46:01,”" sug-
gesting that individuals in families harboring this allele
may be particularly vulnerable to COVID-19.”*
Additionally, the HLA-C*05 allele was correlated with
COVID-19 mortality in an ecological study.”

The host's genetic background influencing the
susceptibility and outcome of multiple infectious
diseases has been previously reported’®”’ and a
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threshold; WBC, white blood cell. NS, 0.1234; *0.0332; **0.0021; ***0.0002; ****<0.0001.
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global project has been started to understand the
pathogenesis of COVID-19, especially severe cases in
young people.’” In addition, the “COVID-19 Host Ge-
netics Initiative” has been launched to bring the hu-
man genetics community together to identify the
genetic determinants of COVID-19 susceptibility, se-
verity, and outcomes.’”® Here, family genetic sequen-
cing studies are needed to investigate increased
troponin and WBC levels in families who are highly
susceptible to death.

To conclude, the current study observed that levels
of troponin, D-dimer, CRP, and WBCs were sig-
nificantly higher in COVID-19 patients who died than
in COVID-19 survivors. High troponin and WBC levels,
especially within the second week of admission, were
considerably associated with families that lost more
than one member, when compared with the unrelated
COVID-19 patient control.
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