ARTIGO ORIGINAL/ORIGINAL ARTICLE

Assessment of biomarkers with prognostic potential for Covid-19
in a high-complexity hospital

Avaliagao de biomarcadores com potencial prognéstico para Covid-19 em um hospital
de alta complexidade

Luis Rodrigues de Sena Neto', Gislaine Custddio?, Alisson Fernandes dos Santos?

' Hospital de Clinicas of Federal University of Parana, Multiprofessional Residency Program in Urgency and Emergency - Clinical Analysis. Curitiba, PR, Brasil.
2 Hospital de Clinicas of Federal University of Parang, Laboratory of Immunochemistry. Curitiba, PR, Brasil.

3 Hospital de Clinicas of Federal University of Parana, Laboratory of Molecular Biology of Oncohematology Diseases. Curitiba, PR, Brasil.

Abstract

The present study aimed to retrospectively evaluate the correlation between biomarkers and the clinical outcomes of Covid-19 patients admitted to
CHC-UFPR/EBSERH. The study population consisted of patients who were positive for RT-qPCR tests admitted from July 2020 to June 2021. Age, gender,
clinical outcomes, and results of selected biomarkers (LDH, CRP, FERR, PCT, AST, and Cr) were collected from electronic medical records. The patients were
divided into two groups, one comprised of patients who were medically discharged (n=213) and the other of those who died (n=143). The distribution
of the biomarkers was assessed using the Kolmogorov-Smirnov test and inter-group comparisons were performed using the Mann-Whitney U test. A
ROC curve was generated for the most promising biomarkers, and the optimal cut-off value was determined. In total, 356 patients were included in
this study. The Mann-Whitney U test revealed that LDH, CRP, PCT, and Cr were significantly different between the two groups. The performance of PCT
was superior among the studied biomarkers, with an AUC of 0.750, cut-off of 0.21 ng/mlL, sensitivity of 82.57%, specificity of 60%, positive predictive
value of 71.43%, negative predictive value of 73.97% and accuracy of 72.36%. When 199 patients were evaluated using the cut-off value, 126 (63.3%)
patients had PCT levels above the cut-off, and this group had a higher death rate. In conclusion, PCT was identified as the best performing biomarker
for predicting the clinical outcomes of Covid-19 patients.
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Resumo

O presente estudo objetivou avaliar retrospectivamente a correlacdo entre biomarcadores e os desfechos clinicos de pacientes com Covid-19 admitidos no
CHC-UFPR/EBSERH. A populacao de estudo consistiu em pacientes com RT-qPCR positivo admitidos entre julho de 2020 e junho de 2021. Idade, género,
desfechos clinicos e os resultados dos biomarcadores selecionados (LDH, PCR, FERR, PCT, AST e CREA) foram coletados dos prontuarios eletronicos. Os
pacientes foram divididos em dois grupos, um composto por pacientes que foram liberados com alta médica (n =213) e o outro por aqueles que morreram
(n=143). A distribuicao dos biomarcadores foi avaliada usando o teste de Kolmogorov-Smirnov e as comparac¢des intergrupo foram realizadas usando o
teste U de Mann-Whitney. Uma curva ROC foi gerada para os biomarcadores mais promissores e o ponto de corte 6timo foi determinado. No total, 356
pacientes foram incluidos neste estudo. O teste U de Mann-Whitney revelou que LDH, PCR, PCT e CREA eram significativamente diferentes entre os dois
grupos. O desempenho do PCT foi superior entre os biomarcadores estudados, com uma AUC de 0,750, ponto de corte de 0,21 ng/mL, sensibilidade
de 82,57%, especificidade de 60%, valor preditivo positivo de 71,43%, valor preditivo negativo de 73,97% e acuracia de 72,36%. Quando 199 pacientes
foram avaliados usando o ponto de corte, 126 (63,3%) tinham niveis de PCT acima do ponto de corte e este grupo tinha uma taxa de mortalidade mais
elevada. Concluindo, o PCT foi o melhor biomarcador para prever os desfechos clinicos de pacientes com Covid-19.
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INTRODUCTION

The Covid-19 pandemic began with reported cases in
Wuhan, China®™ and since then, the world has been working
to understand the disease and find a cure or vaccine. The
symptoms of Covid-19 typically include fever, cough, fatigue
and body aches. Other symptoms may include difficulty brea-
thing, sore throat, headache, loss of taste or smell, and nasal
congestion. Some patients may experience mild symptoms
or be asymptomatic, while others may become severely ill
and require hospitalization. Those with underlying health
conditions, such as heart and lung disease and diabetes,
may become severely ill.?

Severe Covid-19 is an advanced stage of the disease,
characterized by worsening symptoms and potential respira-
tory failure. It can lead to hospitalization and may sometimes
be fatal, especially for those with underlying health issues.
In severe cases of Covid-19, biomarkers may be useful in
predicting outcomes in Covid-19 patients, including the
risk of hospitalization, discharge, or death. Increased levels
of inflammatory markers such as C - reactive protein (CRP),
Interleukin 6 (IL-6) and ferritin (FERR) can indicate a severe
immune response. High levels of D-dimer can signify a high
likelihood of thrombosis. Studies have shown that lactate
dehydrogenase (LDH), FERR, and D-dimer are associated with
a higher risk of mortality in Covid-19 patients.* It's crucial to
acknowledge that the utilization of biomarkers in Covid-19
is still an evolving area and additional research is necessary
to comprehend their usefulness in differentiating between
mild from severe cases and for directing treatment.®

The Covid-19 pandemic worsened due to the rapid
increase in both mild and severe cases worldwide. Delayed
access to specialized care and the shortage of hospital beds
negatively impacted patients and made Covid-19 a serious
threat to public health. The overcrowding in hospitals during
this pandemic highlighted the need for more efficient tria-
ging methods in healthcare services.®” In this context, the
search for predictors of severity and prognostic biomarkers
has become an important and necessary area of study.

The aim of this study was to retrospectively correlate
biomarkers and clinical outcome of patients with Covid-19
admitted to Hospital de Clinicas of the Federal University
of Parana (CHC-UFPR/EBSERH), statistically compare these
groups, and calculate a cut-off point for the parameters with
the best performance that serve as a prognostic biomarker.

MATERIALS AND METHODS

A retrospective study was conducted on patients admit-
ted to the Hospital de Clinicas of the Federal University of
Parand, Curitiba, Brazil. The study period was from July 2020
to June 2021, and all included patients had a RT-gPCR test
result positive for SARS-CoV-2. The results of the biomarkers
tests for LDH, CRP, FERR, Procalcitonin (PCT), Aspartate ami-
notransferase (AST) and Creatinine (Cr) were obtained from
the hospital’s electronic records system. All biomarkers were
measured using the Abbott Alinity C/I system at the hospital’s
immunochemistry laboratory. Patients aged 12 years and
younger and those with missing results for all biomarkers
of interest were excluded from this study.

The patients were divided in two groups based on their
outcomes: discharge or death. Statistical analyses were
performed using SPSS and Jamovi software. Firstly, the
distribution of the variables was analyzed using the Kolmo-
gorov-Smirnov test and then the groups were compared
using the Mann-Whitney test for each biomarker. Based on
the results, a Receiver Operator Characteristic (ROC) curve
was generated for those with a significant p-value (p<0.05)
and the best cut-off point for sensitivity and specificity was
selected. Once the cut-off was determined, it was used to
classify the patients into not high-risk (discharge) or high-risk
(death) groups and to calculate the positive and negative
predictive values and the accuracy as a strategy for labora-
torial performance evaluation.

ETHICS

This study was approved by the Hospital Ethic Committee
under the CAEE number of 51396421.5.0000.0096 and adhe-
red to the principles of the Declaration of Helsinki. Patients’
privacy was preserved and the information was only used
for the purposes of this study.

RESULTS

A total of 356 patients were included in this study, with
213 being discharged and 143 patients dying. The largest
group was elderly patients aged 60 years and older, followed
by the adults aged between 20 and 59 years. The youth
aged between 13 and 19 years was represented by only 3
patients. 160 patients were women and 196 were men.The
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group with the highest number of discharges was adults
(122), while the highest number of deaths occurred in the
elderly group (106).

The results of the Kolmogorov-Smirnov test indicated a
non-normal distribution of the variables. The Mann-Whitney
test results revealed that there was a statistically significant
difference between the groups for LDH, CRP, PCT and Cr
(p<0.001), while no significant difference was found between
the groups for FERR (p=0.135) and AST (p=0.466). The full
data is presented in Table 2.

An ROC curve analysis was performed to determine the
optimal cut-off values for LDH, CRP, PCT and Cr. The analysis
revealed that only PCT (AUC0.750; p<0.001; SE 0.043; CI95%

0.666 - 0.834) had an area under the curve (AUC) value grea-
ter than 0.7. As a result, the study continued with further
analysis of PCT only. The cut-off value of 0.21ng/mL for PCT
was established based on the results of ROC curve analysis.

The cut-off was utilized to categorize 199 patients into
high or low risk of death. The sensitivity was found to be
82.57%, the specificity was 60%, the positive and negative
predictive values were 71.43% and 73.97% respectively. The
accuracy was calculated as 72.36%. As shown in Table 4, when
the cut-off was applied, the patients in the low-risk group for
death or potential discharge were correctly classified 74% of
the time, and patients in the high-risk group for death were
correctly classified 71.4% of the time.

Characteristics of the study population.

Population Total Discharge Death
P N (%) N (%) N (%)
N 356 213 (59.83) 143 (40.17)
Youth (13 — 19 years) 3(0.9) 2(66.67) 1(33.33)
Adults (20 - 59 years) 158 (44.3) 122(77.22) 36(22.78)
Eldery (=60 years) 195 (54.8) 89 (45.64) 106 (54.36)
Women 160 (45) 94 (58.75) 66 (41.25)
Men 196 (55) 119 (60.71) 77(39.29)
Source: The authors.
Table 2
Statistical analysis of the biomarkers.
Median Median
Variable Rerf:':e:ce discharge death M(“; v
9 (25;75) (25;75) P
LDH 125-202 383 466 <0.001
(U/L) (261;503) (314;623)
CPR <05 573 9.195 <0.001
(mg/dL) (22,119 (4.6;15.6)
FERR 21.81-274.66 1175.36 1380.16 0.135
(ng/mL) (549.1;2184.9) (675.5;2682.8)
PCT <05 0.140 0.690 <0.001
(ng/mL) (0.06;0.5) (0.2;3)
AST 5-34 36 415 0.466
(/L) (24.5;62) (29.7;54)
Cr 0.72-1.25 0.85 1.29 <0.001
(mg/dL) (0.7;1.1) (0.8;1.9)

Source: The authors.

Abbreviations: M-W — Mann-Whitney U test; LDH — lactate dehydrogenase; CPR — C-reactive protein; FERR — ferritin; PCT — procalcitonin; AST — aspartate
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Source: The authors.

Abbreviations: A) LDH — lactate dehydrogenase; B) CPR — C-reactive protein; C) FERR — ferritin; D) PCT — procalcitonin; E) AST — aspartate aminotransferase; F) Cr — creatinine.

ROC curve analysis.

Interval of confidence of 95%

Variable AUC p*

Lower limit Upper limit
LDH 0.595 0.059 0.498 0.693
(PR 0.493 0.883 0393 0.592
PCT 0.750 <0.001 0.666 0.834
Cr 0.657 0.002 0.562 0.751

Abbreviations: AUC — area under curve; LDH — lactate dehydrogenase; CPR — C-reactive protein; PCT — procalcitonin; Cr — creatinine. Source: The authors. *Null hypothesis: true area = 0.5.
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Source: The authors.

Abbreviations: LDH — lactate dehydrogenase; CPR — C-reactive protein; PCT — procalcitonin; Cr — creatinine.

Evaluation of the Laboratory Performance of Procalcitonin as a Severity Biomarker
in Covid-19.

Cut-off Discharge Death Total
0.21 ng/mL N (%) N (%) N (%)
Under cut-off 54 (74) 19(26) 73 (36.7)
Equal or above cut-off 36 (28.6) 90 (71.4) 126 (63.3)
Total 90 (45.2) 109 (54.8) 199
Source: The authors.
DISCUSSION

In this study, the majority of patients were elderly, which
may be attributed to a higher prevalence of preexisting
medical conditions in this age group. Elderly individuals
are known to be more susceptible to severe Covid-19 and
life-threatening symptoms.® The literature suggests that you-
nger age groups are less susceptible to severe Covid-19,° as
evidenced by the limited representation of the youth group
(only 3 patients) in this study. Additionally, there was a higher
number of male patients compared to female.

The statistical analysis of this study indicated a sig-
nificant difference between the discharge and the death
groups in terms of serum biomarker concentrations of

LDH, CRP, PCT, and Cr, with higher values observed in the
death group. This correlation between elevated levels of
these biomarkers and the severity of SARS-CoV-2 illness has
been previously reported in the literature.“>' Although
the levels of FERR and AST were elevated in both groups,
the statistical analysis did not reveal a significant difference
between the groups. Nevertheless, previous studies have
established a correlation between FERR and AST levels and
acute Covid-19.61112)

A biomarker that is both sensitive and specific would have
a great value in screening hospitalized patients to predict
the risk of serious outcomes. The ROC curve is a useful tool
for evaluating the predictive ability of a biomarker, with an
AUC of at least 0.7 considered to indicate a good predictor
model." In this study, only PCT (AUC 0.750) had an AUC
value above the minimum threshold. There is evidence in
the medical literature of a correlation between PCT levels
and severe cases and poor outcomes of Covid-19.5'%'% Qur
results suggest that PCT may be considered a potential bio-
marker for predicting death and for use in hospital triage to
determine the severity of Covid-19.

The performance of PCT as a death predictor biomarker
was evaluated in the laboratory and showed high sensitivity
and high positive and negative predictive values. Although
the specificity was lower than the sensitivity, it can still be
useful in a life-threatening context as a higher rate of false
negatives reduces the risk of missing true positive cases. PCT
had good accuracy in classifying patients as either discharged
or deceased, although it is not specific to Covid-19.

LIMITATIONS

The study has several limitations, including being a
single-center retrospective design with a small sample size,
which may restrict the generalizability of the results. It was
not possible to compare patients with mild and severe
Covid-19 due to the hospital only treating severe cases.
The outcomes may have been influenced by competing
risks, including death from comorbidities, which were not
evaluated in this study. There was a lack of standardization
in Covid-19 testing within the hospital, and the clinician was
responsible for determining which parameters to evaluate
to each patient, resulting in some patients having results for
some biomarkers but not others. Additionally, procalcitonin
is not a specific biomarker for Covid-19 and its elevation may
be seen in other conditions besides Covid-19.
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CONCLUSION

This study observed elevated levels of LDH, CPR,PCT and
Crin patients who died. Procalcitonin showed the best labo-
ratorial performance as a biomarker of severity and a cut-off
value of 0.21 ng/mL were determined with high sensitivity
and specificity. To validate these findings and establish the
usefulness of procalcitonin as a prognostic tool for Covid-19,
further studies with larger samples sizes and multiple center
designs are necessary.
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