Acta Medica Alanya

'-A\ .
{I:g .:1 RESEARCH ARTICLE Acta Medica Alanya
<L # 2021;5(1):30-35
Vo ARASTIRMA

The relationship between procalcitonin, D-dimer, ferritin, troponin, and
lactate levels with COVID-19

Prokalsitonin, D-dimer, ferritin, troponin ve laktat duzeylerinin COVID-19 ile iligkisi

Levent Sahin*, Ali Gur?

1.Medical School of Kafkas University, Department of Emergency Medicine, Kars, Turkey
2.Medical School of Atatiirk University, Department of Emergency Medicine, Erzurum, Turkey

ABSTRACT

Aim: Coronavirus disease-2019 patients may experience an increase in inflamma-
tion or clotting disorders. It is believed that some biomarkers can be decisive in deci-
sion to hospitalize. Our aim in this study was to investigate the relationship between
serum procalcitonin, troponin, D-dimer, ferritin and lactate levels, and Coronavirus
disease-2019.

Methods: Patients suspected of suffering from the Coronavirus disease-2019 and
whose serum biochemistry and blood gas tests were performed, were included in the
study. The relationships between the blood parameters of the patients with negative
or positive Polymerase Chain Reaction test results, and those who were hospitalized
or non-hospitalized, were examined.

Results: Out of a total of 452 patients, 244 (54%) were male and 208 (46%) were
female. There was a statistically significant difference between polymerase chain
reaction test positive and test negative groups in terms of procalcitonin, D-dimer,
lactate and troponin levels (pl0.005). There was no statistically significant difference
between hospitalized and non hospitalized patient in terms of ferritin (p=0.224). How-
ever, there was a significant difference in terms of procalcitonin, D-dimer and troponin
levels (p00.005).

Conclusion: Our results revealed that high serum procalcitonin, D-dimer, lactate
and troponin levels are associated with the decision to hospitalize Coronavirus dis-
ease-2019 patients, whereas ferritin levels played no such role.
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Amag: Koronaviriis hastaligi-2019 hastalarinda enflamasyon artisi veya pihtilasma
bozuklugu artisi gérilebilmektedir. Bazi biyobelirteclerin, hastaneye yatis yapiimasin-
da belirleyici olabilecegdi dustintlmektedir. Bu ¢alismadaki amacimiz, serum proka-
Isitonin, troponin, D-dimer, ferritin ve laktat diizeyleri ile Koronaviriis hastali§i-2019
arasindaki iligkiyi arastirmakti.

Metod: Koronaviriis hastali§i-2019 suphesi olan, kan biyokimya ve kan gazi tetkikleri
calisilan hastalar ¢alismaya dahil edildi. Polimeraz zincir reaksiyonu test sonuglari
negatif veya pozitif olan hastalar ve taburcu veya servise yatisi yapilan hastalarin kan
sonuglari arasindaki iliskileri incelendi.

Bulgular: Toplam 452 hastanin, 244 (% 54)'0 erkek ve 208 (%46)'i kadin idi. Po-
limeraz zincir reaksiyonu testi pozitif olan grup ile negatif olan grup arasinda pro-
kalsitonin, D-dimer, laktat ve troponin duzeyleri istatistiksel olarak anlamli bulundu
(pl0.005). Yatis yapilan hastalar ile yapiimayan hastalar arasinda ferritin seviyesinde
istatistiksel olarak bir anlamlilik yoktu (p=0.224). Ancak prokalsitonin, D-dimer, tropo-
nin seviyelerinde anlamli bir farklilik gikti (pi0.005).

Sonug: Elde ettigimiz sonuglarla yiiksek serum prokalsitonin, D-dimer, laktat ve
troponin dtizeylerinin Koronaviriis hastali§i-2019 hastalarinin hastaneye yatisi ile
iliskisinin oldugunu soyleyebiliriz. Ancak ferritin dlizeylerinin hastaneye yatis endi-
kasyonunda bir rolu yoktu.

Anahtar Kelimeler: Koronaviris hastaligi-2019, Prokalsitonin, D-dimer, Troponin,
Laktat

Received: 10.10.2020 Accepted: 17.11.2020 Published (Online): 23.04.2021

*Coresponding Author: Levent Sahin. Medical School of Kafkas University, Department of
Emergency Medicine, Kars, Tiirkiye. +905531838665, levsahin44@gmail.com

ORCID: 0000-0003-0193-4393

To cited: Sahin L, Giir A. The relationship between procalcitonin, D-dimer, ferritin, troponin and lactate levels
with COVID-19. Acta Med. Alanya 2021;5(1):30-35. doi:10.30565/medalanya.808806

@ @@@ Acta Medica Alanya JAN- APR 2021 Open Access http://dergipark.gov.tr/medalanya. 30

This article is distributed under the terms of the Creative Commons Attribution 4.0 International License.

DOI:10.30565/medalanya.808806



Sahin L, Gur A. Association between blood levels and COVID-19

INTRODUCTION

ith reports emanating out of China of viral
aneumonia cases with an unknown cause at
the end of 2019, various studies were conducted
and a new type of coronavirus was soon identified.
The Coronavirus disease-2019 (COVID-19),
which is caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), quickly
spread to 6 continents and more than 200
countries, and became the first ever pandemic
caused by a coronavirus [1]. Initially considered
to be a respiratory infection, data now suggests
that COVID-19 is a systemic (cardiovascular,
gastrointestinal, neurological, hematopoietic
and immune system) disease. Patients usually
present with fever, fatigue, dry cough, loss of
appetite, myalgia, dyspnea, loss of smell and
taste, nausea, vomiting, diarrhea, nasal discharge
and conjunctivitis [2]. It has been found that older
people or those with comorbidities have a higher
risk of mortality, but fatal complications can also
occur in young people without an underlying
disease [3]. As of the time this article is written, the
number of deaths from COVID-19 has surpassed
2,5 million worldwide, while nearly 28,000 people
have lost their lives in Turkey [4] and there remains
a great deal that is unknown regarding COVID-19.
Some studies have investigated the relationship
between blood levels and this coronavirus. For
example, lymphopenia, prothrombin time/partial
thromboplastin time length and high D-dimer were
found to be precursors to severe disease [5].
One current study hypothesized that progressive
increase in PCT levels may be positively associated
with the severity of COVID-19 and predict a poor
prognosis [6].

In light of the high prevalence of COVID-19 disease
and limited hospital capacities, determining the
profile of patients who needs be hospitalized has
become an important goal. Therefore, our study
focused on the changes in some blood parameters
such as PCT, D-dimer, ferritin and troponin in the
follow-up and treatment of patients diagnosed
with COVID-19. Our objective was to compare
polymerase chain reaction (PCR)-positive and
PCR-negative patients and hospitalized versus
non-hospitalized patients, based on these
parameters.

MATERIAL AND METHODS

A total of 452 patients who came to the emergency
medicine (ER) with clinical presentation of
COVID-19 between April 1, 2020 and September
1, 2020, had their case studied retrospectively.
According to the G-power analysis, it was planned
to have at least 350 patients in the study, which
received the approval of the Ethics Committee
of the Faculty of Medicine of Ataturk University,
designated B.30.2.ATA.0.01.00/416, on October 1,
2020. Age, gender, complaints upon presentation,
real-time reverse transcription (RT)-PCR test
results, PCT, D-dimer, ferritin and troponin levels,
as well as hospitalization and non-hospitalization
statuses of patients were examined. Laboratory
and PCR-test results of patients were obtained
from the hospital's database while vital signs and
clinical information were gathered from patient
files. In our hospital, an RT-PCR test is performed
using the ELISA method on an AB Applied
Biosystems GeneAmp PCR System 9700 device.
D-dimer was tested using the immunoturbidimetric
method on a AQT90 Flex device, whereas PCT,
ferritin and troponin were tested using the
ECLIA method with a Beckman Coluter Unicel
DxI 600 device.Patients who died, patients with
incomplete blood parameters and those under 18
years of age, were excluded from the study. The
blood levels parameters of the remaining patients
who were either hospitalized or non-hospitalized,
were thereby compared. Those with a poor clinical
picture (breathing difficulty (= 30/min, oxygen
saturation <%93 and/or PaO2/Fi02<300 mmHg)
[7], those who were PCR-positive or negative
and had extensive ground-glass opacity showing
in thorax computed tomography (CT) that is
consistent with viral pneumonia, were accepted
as the hospitalized group. High-resolution CT
was performed in all patients using a Siemens
Somatom Emotion 16 model device. Patients with
negative RT-PCR results and normal thorax CTs
were accepted as the non-hospitalized group.

Statistical Analysis

Thedatawas providedas meantstandarddeviation
(SD), median (range) or number (percentage). For
continuous variables, the assumption of normal
distribution was checked using the Shapiro-
Wilk W-test when the sample size was <50, and
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the Kolmogorov-Smirnov test when the sample
size was =50. In the comparison between the
two independent groups, independent samples
t-test was conducted when the distribution was
normal, and Mann-Whitney u test was used when
data was not normally distributed. Categorical
variables were compared using the Chi-square
test. The receiver operating characteristic (ROC)
curve analysis was conducted for PCT, troponin,
D-dimer and lactate, to determine whether any
of these variables affected the determination to
hospitalize. The ROC curve analysis was also
utilized to determine the cut-off values, the best of
which were calculated using Youden’s Index. The
data was analyzed using SPSS 21.0 (SPSS, Inc.,
Chicago, IL, USA) for Windows. For all values,
p<.05 was considered statistically significant.

RESULTS

The mean age of patients was 54 + 20 (range:
18-96). The number of male patients was 244
(54%), while the number of female patients was
208 (46%). According to the results of combined
throat / nasal swab test performed in the ER,
67 (14.8%) patients were PCR-positive and 385
(85.2%) patients were PCR-negative.

Complaints of the patients with suspicious contact
admitted to the ER were muscle pain (myalgia)
(48.2%), fatigue (19.7%), fever (18%). The others
were asymptomatic (13.7%) (Table 1).

Table 1. Demographic and clinic data of COVID-19 patients.

Gender (n,%) Female 208 (46)
Male 244 (54)
Presenting Complaint (n,%) Myalgia 218 (48.2)
Fatigue 89 (19.7)
Asymptomatic 62 (13.7)
Fever 83 (18.4)
RT-PCR (n,%) Positive 67 (14.8)
Negative 385(85.2)
Hospitalization (n,%) Hospitalized 108 (23.9)
344 (76.1)

All blood parameters of the PCR-positive group
were lower than those of the PCR-negative group.
There was no statistically significant difference
between the two groups in terms of serum
ferritin levels (p=0.713). However, there was a
statistically significant difference between PCT,
D-dimer, troponin and lactate levels of two groups

(p values were 0.001, 0.001, 0.001 and 0.001,
respectively) (Table 2).

Table 2. Evaluation of blood parameters according to RT-PCR result

RT-PCR positive | RT-PCR negative | P value

(n:67) (n:385)
Age 5020 55+20 0.032*
Ferritin 1188.8+1658 1223.6+1916.4 0.713*
PCT 3.33x13.7 5.45+43.43 0.001*
D-dimer | 1222.8+3773.6 1923.9+6368.3 0.001*
Troponin | 20.8+90.6 200.1+1844.3 0.001*
Lactate 1.6+1.0 2.1+1.6 0.001*

P*: Mann-Whitney U test, PCT: Procalcitonin

The number of patients hospitalized after ER
admission was 108 (23.9%), while the number of
discharged outpatients was 344 (76.1%) (Table
1). The mean age of hospitalized patients was
higher than the mean age of non-hospitalized
patient, however, this finding was determined not
to be statistically significant (p=0.009). The blood
parameters of hospitalized and non-hospitalized
patient were also compared. There was no
statistically significant difference in ferritin levels
between these two groups (p=0.224), however
there was a statistically significant difference
between PCT, D-dimer, troponin and lactate levels
of the two groups (p values were 0.001, 0.001,
0.004 and 0.001, respectively) (Table 3).

Table 3. Evaluation of blood parameters by hospitalization

Hospitalized Non-hospitalized | Pvalue
Patients (n:108) Patients (n:344)

Age 59+20 53+20 0.009**

Ferritin (ng 1602.5 + 2268 1090.5 +1714.4 0.224*

/ ml)

PCT (ng/ml) | 15.5%79.6 1.6+5.3 0.001**

D-dimer (ng/ | 4468.8 +11575.3 937.1 £1188.1 0.001*

ml)

Troponin 589.1 +3374.1 35.1+149.4 0.004*

(ng/m)

Lactate 2725 19+1.1 0.001**

(mmol/L)

P*: Mann-Whitney U test, P**: Independent t-test, PCT: Procalcitonin

The area under the ROC curve (AUC) and
statistic values of each study variable with a 95%
confidence interval are specified in Table 4, to
show which ones indicate the risk of hospitalization
in COVID-19 patients. Based on the findings, a
PCT higher than 0.16 ng/ml, D-dimer higher than
1430 ng/ml, troponin higher than 26.6 ng/m and
lactate higher than 2.75 mmol/L, are associated
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with a higher risk of hospitalization in COVID-19
patients (Table 4). Figure 1 presents the sensitivity
and specificity of the PCT, D-dimer, troponin and
lactate in predicting hospitalization of COVID-19
patients in the ROC curve analyze (Figure 1).

ROC Curve

Source of the
Curve
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—— TROPONIN |
D - DIMER
— Lactat
Reference Line

Sensitivity

T T T
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1 - Specificity
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Figure 1. Presents the sensitivity and specificity of the PCT, D-dimer,

troponin and lactate in predicting hospitalization of COVID-19 patients.

DISCUSSION

In this study, we examined whether there was
any relationship between the levels of some
biomarkers, hospitalization indication and RT-PCR
test results in COVID-19 patients. We have found
a relationship between high serum PCT, D-dimer,
lactate and troponin levels and hospitalization of
these patients.

As a result of the increase in the number of
COVID-19 patients in recent months, the issue of
which patients will be hospitalized becomes more
important. Even though the RT-PCR test, which
is still required for COVID-19 diagnosis, comes
back negative, the diagnosis should be supported
with laboratory and radiological findings [8]. RT-
PCR positive patients are considered confirmed
cases. In the early period, PCR negative patients
should also undergo thorax CT as the radiological
imaging method. However, thorax CT follow-up is
not recommended for evaluating the response to
treatment [9]. PCR test results are still the main
focus for diagnosis, treatment and hospitalization,
however given the low cost and rapid results,
blood parameters can be used, without waiting for
PCR test results.

The most frequent laboratory findings in seriously
il hospitalized patients are lymphopenia,
hypoalbuminemia, and increased ferritin and
D-dimer (10). Leukocyte levels and lymphocyte
counts, which are indicators for inflammation, are
normal in the early stage of the disease when
there are non-specific symptoms [11]. However,
clinical signs of the disease start to become
apparent 7 to 14 days after symptom onset and
this is the systematic increase of inflammatory
markers and cytokines, which is also known as
the cytokine storm [12]. It is believed that the
severity of COVID-19, even its fatal outcomes, is
a consequence of the cytokine storm syndrome
[13].

Ferritin is an important mediator of immune
system disorders. Hyperferritinemia contributes to
cytokine storm through direct immunosuppressive
and proinflammatory effects [14]. A study on
patients who died of COVID-19 found that ferritin
levels were high after hospitalization as well as
during their hospital stay [15]. In their study, Wu
et al. showed high serum ferritin to be associated
with ARDS development; no significant association
was found with survival [16]. Although ferritin
levels were high in the hospitalized patient group
in our study, no statistical significance was found
between hospitalized and non-hospitalized patient
groups.

Coagulation disorders appear to be more common
in severe cases of COVID-19. D-dimer levels
are associated with negative outcomes among
community-acquired pneumonia patients, which
may also reflect the severity of COVID-19 [17]. In
a descriptive study by Chen et al, high D-dimer
levels were measured in 36% of 99 patients [18].
Another study on 41 patients in China, showed
that D-dimer levels were higher at the time of
admission among patients requiring intensive
care. The median D-dimer for intensive care
patients was 2.4 mg/L and 0.5 mg/L for non-
intensive care patients (p = 0.004) [19]. Our
study reached conclusions similar to those in the
literature: D-dimer levels were high in both PCR-
negative and hospitalized groups.

PCT is released by thyroid parafollicular C cells, a
116-amino acid peptide precursor to the hormone
calcitonin [20]. PCT has been widely researched
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for its use as a biomarker in bacterial infections
[21]. There have been some studies that proved
PCT levels are positively correlated with the
severity of COVID-19. In a study of Lippi et al.
where they measured the PCT levels of 38 patients,
32 were discharged and 6 died in intensive care:
PCT levels were low in non-hospitalized patients
[22]. Our study found PCT levels to be high among
hospitalized patients. Statistically significant
results were obtained in PCR-positive and the
hospitalized group.

Troponin is a marker of myocardial damage,
mainly myocardial infarction or myocarditis.
High troponin levels are quite common among
COVID-19 patients and are associated with fatal
outcomes. Along with the fact that it does not have
a definitively proven mechanism, it is believed
that it may be through viral myocarditis, cytokine-
induced myocardial damage and microangiopathy
[23]. High troponin levels were found to be
common among hospitalized COVID-19 patients
and the duration of stay at the hospital was also
longer in patients with high troponin levels [24].
Our study found that the troponin level was higher
among PCR-positive patients, compared to PCR-
negative patients. We assume that this finding is
independent of PCR tests and may be related to
the patient's clinical status. The troponin levels of
hospitalized patients were quite high compared to
the non-hospitalized group.

Serum lactate is a byproduct of anaerobic
metabolism. Lactate levels can show the severity
of tissue hypoperfusion and hypoxia [25]. In tissue
hypoxia, where there is no oxygen, pyruvate
molecules cannot enter the mitochondria and are
converted to lactate. Lactate accumulation is a
result of increased production and/or decreased
removal. In one study, higher lactate levels
suggested that anaerobic glycolysis began early
due to insufficient oxygen supply [26], therefore
higher lactate levels may be considered an
indicator for insufficient oxygen supply.

When we searched the literature, we found
that there were few studies investigating the
relationship between COVID-19 and lactate
levels, it was therefore our hope that ours would
guide future studies. We found lactate levels in
the PCR-negative group were significantly higher

than in the PCR-positive group and seem to be a
rapid and reliable indicator for lung damage, and
could even be used to better adapt the treatment
of COVID-19 patients. Although there are an
increasing number of studies being performed
on this coronavirus, we hope the results of our
study can be of use as it is the first to compare
this quantity of blood parameters according to
PCR test results, as well between hospitalized
and non-hospitalized patients.

Limitations of the study

Our study has some limitations, One of which
was that the hospital where the study was
conducted is one of two large hospitals in the
city and the other institution being used as
the designated pandemic-response  hospital.
This situation resulted in a relatively low
number of COVID-19 patients presenting.
Another limitation is that the epidemiologist
made the determination of whether a patient
should be hospitalized or not, and that the
hospitalization criteria depend on multiple
factors. The presence of various diseases that
might affect the patients’ parameters and the
fact that we did not evaluate other blood
parameters, are both limitations. Finally, the
retrospective design of this study may be
considered an additional limitation.

In conclusion, patients can be hospitalized
according to some blood parameters and RT-PCR
results. In our study, we found that besides the
clinic, serum PCT, D-dimer, lactate and troponin
levels were higher in hospitalized patients. We are
of the opinion that extensive studies are needed to
investigate the relationship between these blood
parameters and the severity of COVID-19.
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