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TABSTRAC T

Background: Coronavirus disease 2019
(COVID-19) first appeared in China in
December 2019, and has become a global
pandemic. Because the clinical progression
of the disease is highly variable, better
prediction of prognosis and mortality is
important. In the present study, we
investigated the role of
procalcitonin/albumin ratio (PAR) as a new
biomarker in predicting mortality in patients
with COVID-19 infection.

Methods: In this study, patients with
COVID-19 diagnosis were enrolled from
Sakarya Yenikent State Hospital and
Ayancik State Hospital between 09.11.2020
and  04.05.2021. The  demographic
characteristics, biochemical and
hematological parameters such as age,
gender, length of hospital stay, and
comorbidities of the patients were collected

retrospectively from medical records.

Results: Of the 105 patients, 51 were mild
and 54 were critically ill. Between mild and
critical cases, age, lymphocyte count, red
cell distribution width, neutrophile count,
mean corpuscular volume (MCV), monocyte
count, albumin, C-reactive protein, ferritin,
procalcitonin, D-dimer, and PAR were
statistically different (p<0.001 for all). All
patients in the critical group and only 2% of
the mild group died. PAR showed the largest
area under the curve (0.949) for the
prediction of mortality (p<0.001).

Conclusion: We report that PAR, a simple,
cheap, and easily accessible biomarker, can
be used to predict the prognosis in patients
with COVID-19 infection.
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INTRODUCTION

SARS-CoV-2, which emerged in the city of
Hubei in China in December 2019, is a RNA
virus and is responsible for the coronavirus
disease 2019 (COVID-19) which has become a
global pandemic within a short time [1,2]. The
clinical progression may vary from mild to fatal
critical illness. The COVID-19 infection is severe
and mortality rates are high especially in those
with chronic diseases [3,4]. The main symptoms
are fever, cough, shortness of breath,
gastrointestinal disturbances, and diarrhea. Acute
respiratory distress syndrome develops in severe
cases, which may lead to the death of patients
[5,6].

It is important to predict the severity of clinical
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illness of COVID-19 patients and determine
mortality and prognosis. Therefore, the
identification of a reliable biomarker that can be
used to evaluate the clinical prognosis at the time
of admission is important. Hematological,
biochemical, and hormonal parameters are
widely wused, relatively inexpensive, easily
accessible, and may provide information about
the prognosis [6].

Albumin is the main protein in the blood and is
synthesized by the liver. It is a negative acute
phase reactant with antioxidant features. It was
also shown to provide the down-regulation of
angiotensin-converting enzyme 2 (ACE2)
receptors, which have roles in the entry of SARS-
CoV-2 into the cell [7]. It was shown in previous
studies that hypoalbuminemia is prevalent in
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COVID-19 patients admitted to the emergency
department and that hypoalbuminemia 1is
associated with increased mortality [8].
Procalcitonin/albumin ratio (PAR) can be used to
show the prognosis and mortality in the early
period. Few studies have examined the role of
PAR in predicting the COVID-19 clinical course
and additional studies are needed to validate
these findings. In this study, we investigated the
use of PAR in predicting mortality in COVID-19
patients.

METHODS

The study was a two-center retrospective study
enrolling patients with COVID-19 infection
between 09.11.2020 and 04.05.2021. The
diagnosis of COVID-19 was made according to
the World Health Organization (WHO) interim
guide and confirmed with the nucleic acid test
positivity. Patients who presented with mild
symptoms and did not require admission to the
intensive care unit (ICU) due to limited
pulmonary involvement were classified as mild
COVID-19 cases (MCC), while those requiring
ICU admission or required 60% or higher
inspired oxygen concentration were classified as
critical COVID-19 cases (CCC).

The demographic characteristics including age,
gender, length of hospital stay, hemogram, and
biochemical parameters of the patients who were
included in the study were determined by a
retrospective review of electronic health records.
The study was conducted by the ethical rules
with the approval of Medicana International
Samsun Hospital clinical research ethics
committee (decision no: 7158, date: 09.12.2021).

Statistical Analysis: The data were analyzed with
the IBM SPSS V23 (Statistical Package for
Social Science, Armonk, NY). The conformity to
normal distribution was evaluated with the
Kolmogorov-Smirnov test. The chi-square test
was used to compare categorical variables. The
independent two-sample #-test was used to
compare the normally distributed data, and the
Mann-Whitney U test was used to compare the
non-normally distributed data. The univariable
logistic regression analysis was used to examine
the risk factors that affected mortality. The ROC
analysis was used to determine the cut-off point
for the PAR to predict mortality. Analysis results
were presented as mean =+ standard deviation and
median (range) for quantitative data, and
frequency (percent) for categorical data. The
significance level was taken as p<0.05.
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RESULTS

Of the 105 patients, 51 were MCC and 54 were
CCC. There were more males in the CCC vs.
MCC group (33 vs. 20; P=0.025). Similarly,
CCC had older patients than the MCC group
(69.2 vs. 54.0 years; p<0.001) and a longer
length of stay (7 vs. 17 days; p<0.001). Mortality
was significantly higher in the CCC group than
MCC group (1 vs. 54; P<0.001). The median
WBC count, RDW, neutrophil count, mean
corpuscular volume (MCV), fasting glucose,
urea, LDH, AST, CRP, ferritin, procalcitonin,
and PAR were significantly higher in CCC than
in MCC (p<0.001 for all; Table 1). Similarly, the
median lymphocyte count, mean platelet volume
(MPV), platelet-crit, monocyte count, albumin,
and D-dimer were significantly higher in CCC
than in MCC. No statistically significant
differences were noted between the groups in
terms of other variables.

The result of the risk factors that affected
mortality with univariable logistic regression
analysis is given in Table 2. When the cut-off
value for PAR was taken as 0.0023, the area
under the curve (AUC) was found to be 0.949
(Figure 1). This value was statistically significant
(p<0.001). The sensitivity and specificity were
87.3% and 91.3%, respectively.

DISCUSSION

The present study showed that COVID-19
increases the risk of mortality in the elderly and
men. We validated prior literature that the risk of
mortality was higher in patients with high WBC
count, RDW, granulocyte count, MCV, fasting
glucose, urea, LDH, AST, CRP, and ferritin, and
was lower in patients with high MPV and
platelet-crit values [9,10]. We further found that
low serum albumin and higher procalcitonin
(PCT) increased the risk of mortality and that
PAR can be used to predict disease severity and
outcomes. PCT is a glycoprotein that is secreted
from thyroid parafollicular cells. In the presence
of infection, PCT levels are significantly elevated
after being released by all parenchymal cells. The
PCT wvalue is below 0.05ng/mL in blood under
normal conditions. It is already known that it
increases rapidly in the blood in 2 to 6 hours with
the development of infection [11]. Studies
conducted in the early period of COVID-19
infection showed that the PCT value is associated
with the severity of the disease [12]. In patients
admitted to the emergency department with fever
and respiratory distress complaints during the
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Table 1. Distribution

of mild and critical cases of COVID-19 patients according to hospitalization and
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laboratory parameters
Mild COVID-19 cases (MCC) Critical COVID-19 cases (CCC)

Characteristies Mean+SD Median (min.-max) Mean+SD ?I/:leifli-?llllax) pralue
Age 53.98+19.82 56.00 (17.00 - 86.00) 69.19+11.12 70.00(42.00-89.00) <0.001"
Hospitalization Duration | 6794327 6.00 (1.00 - 16.00) 17.3149.29 17.50(2.00 - 61.00) <0.001™
WBC 5.9543.19 5.20 (2.50 - 23.00) 10.59+15.12 7.77(2.73 - 115.00) <0.001"
HGB 12.66+1.55 12.40 (9.90 - 15.80) 12.68+2.04 12.80 (8.00 - 18.00) 0.962
PIt 207.75488.03 | 184.00 (88.00 - 502.00) | 191.20+67.73 177.00(70.00 - 420.00) 0.570
RDW 13.25+1.35 13.00(11.10 - 17.10) 16.9142.94 16.00(13.40 - 26.90) <0.001™
Lymphocyte 1. 320.57 1.20 (0.40 - 3.10) 3.04+14.48 0.66(0.22 - 107.00) <0.001"
Neutrophil 4.09+2.91 3.45 (1.30 - 19.90) 7.08+3.90 6.27(1.68 - 20.00) <0.001"
MCV 82.2048.42 82.60(33.00 - 94.00) 88.5247.18 90.10(65.00 - 102.00) <0.001™
MPV 10.58+1.23 10.50 (8.80 - 13.90) 8.46+1.29 8.45(5.60 - 11.50) <0.001*
Plateleterit 0.22+0.08 0.20 (0.10 - 0.53) 0.17+0.09 0.16 (0.07 - 0.74) <0.0017
Monocyt 0.49+0.26 0.40 (0.10 - 1.50) 0.45+0.69 0.33(0.04 - 5.10) 0.012"
Fasting Glucose 122.29+462.08 | 103.00 (67.00 - 389.00) | 158.65+46.71 151.50(95.00 - 323.00) <0.001"
Urea 34.91+24.80 27.50 (8.60 - 147.20) 50.87428.39 44.00(10.00 - 163.00) <0.001"
Creatinine 0.95+0.56 0.80 (0.40 - 4.40) 0.90:0.31 0.85 (0.28 - 1.59) 0.630
LDH 266.024120.21 | 243.00 (111.00 - 667.00) | 473.65+167.25 447.50(192.00-947.00) | <0-0017
AST 31.84+16.89 28.00 (11.00 - 86.00) 51.44430.78 41.00(19.00 - 153.00) <0.001"
ALT 27.69+25.42 19.00 (9.00 - 141.00) 32.93423.19 26.50 (7.00 - 129.00) 0.055
Albumin 43.8144.06 44.00 (33.00 - 51.00) 33.01+4.28 33.00(24.60 - 43.80) <0.001"
CRP 43.94456.16 26.20 (2.00 - 304.50) 114.88465.32 113.90(4.20 - 296.00) <0.001"
Ferritin 15225£143.09 | 12120 (6.70 - 643.80) | 54 3.64+467.93 | 422.00(11.46 - 1896.00) | <0-0017
Procalcitonin 0.07+0.08 0.05 (0.01 - 0.49) 0.55+1.11 0.25(0.04 - 7.97) <0.0017
D-Dimer 14.75+23.61 1.64 (0.19 - 84.00) 1.51+2.10 0.69 (0.22 - 11.10) 0.002"
Procalcitonin/Albumin 0.0015£0.0017 | 0011 (<0.0012-0.0120) | 0.0165+0.0315 0.0079 (0.0014 -0.2220) | <0-0017

Mean: Mean, SD: Standard Deviation, Min: Minimum value, Max: Maximum value “Independent paired-samples

t-test statistics, Mann-Whitney U Test statistics

pandemic, COVID-19 infection remains at the
top of differential diagnosis [13]. In a study of
213 patients presenting to the emergency
department with fever and shortness of breath,
patients with high PCT levels at admission had
higher rates of hospitalization in the ICU and
mortality [14]. In a systematic review that 51
studies, patients who had higher PCT levels had
more severe disease [15]. Our study findings
validate these earlier results by findings higher
mortality. Albumin is synthesized in the liver,
and its half-life in plasma is 21 days [16].
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Low albumin levels increase the risk of
mortality, especially in hospitalized patients,
including patients with COVID-19 [17-20]. The
present study validates earlier findings that low
albumin levels are associated with poor
prognosis and increased mortality in COVID-19.
PAR has not been studied in COVID-19 patients
to determine prognosis before our study. Our
findings have important implications for clinical
care and future research. Both tests, PCT and
albumin, are commonly performed in the clinical
care of COVID-19 patients at the time of
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Table 2. Examination of risk factors that affect mortality with univariable logistic regression analysis

OR (95% CT) P ACR
Gender (Female) 2.25(1.03 -4.91) 0.042 60
Age 1.06 (1.03 - 1.10) <0.001 70.5
WBC 1.23 (1.07 -1.42) 0.003 69.5
Hemoglobin 1.01 (0.81 - 1.25) 0.908 52.4
Platelet 0.997 (0.992 - 1.002) 0.235 55.2
RDW 3.45(2.18-5.45) <0.001 86.7
Lymphocyte 1.02(0.95 - 1.1) 0515 52.4
Neutrophil 1.35 (1.14 - 1.59) <0.001 71.2
MCV 1.15(1.07 -1.24) <0.001 73.3
MPV 0.28 (0.17 - 0.46) <0.001 78.1
Plateleterit 0.0004 (0.000 - 0.18) 0.012 65.7
Monocyte 0.87 (0.41 - 1.85) 0.729 52.9
Fasting Glucose 1.01 (1.00 - 1.02) 0.003 67.6
Urea 1.02 (1.00 - 1.04) 0.005 61.9
Creatinine 0.74(0.29 - 1.83) 0.519 50.5
LDH 1.012 (1.007 - 1.016) <0.001 81.9
AST 1.04 (1.02 - 1.07) 0.001 66.7
ALT 1.00 (0.99 - 1.02) 0.318 57.1
Albumin 0.52 (0.40 - 0.69) <0.001 88.1
CRP 1.02 (1.01 - 1.03) <0.001 74.3
Ferritin 1.007 (1.004 - 1.01) <0.001 78.7
Procalcitonin 4.10 (1.96 — 8.56) <0.001 82.9
D-Dimer 0.91(0.85 - 0.98) 0.016 63.7
Hospitalization Duration 1.35(1.19 - 1.54) <0.001 79.2
ACR: Accurate Classification Ratio, (reference category)
Figure11:0 ROC curve of Procalcitonin/Albumin
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admission. Because the information is already
available, the calculation of the PAR is
straightforward, and information on clinical
prognosis can be readily made available. Future
research on the role of these two biomarkers in
the clinical course of COVID-19 needs to be
explored further.

The major limitation of this study is its
retrospective design and relatively small sample
size. The study was conducted in two local
hospitals and only the initial measurement of
laboratory results was evaluated.

CONCLUSION

High admission PAR is a predictor of critical
illness and mortality in COVID-19 patients. If
validated in other clinical studies, this can be
easily included in regular clinical care to
determine the prognosis of patients with COVID-
19.
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