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Abstract

Objectives: The role of hematologic, inflammatory and biochemical parameters as biomarkers, their role in identifying risky pa-
tients in the early stage and their role in prognosis in COVID-19 Coronavirus disease 2019 (COVID-19) were investigated.
Methods: The study included patients who were hospitalized and followed up with a prediagnosis of COVID-19 in the first wave
in our country at the University of Health Sciences, Sisli Hamidiye Etfal Training and Research Hospital Demographic and clinical
characteristics as well as complete blood count, C reactive protein (CRP), procalcitonin (PCT), fibrinogen (FIB), ferritin, albumin
(ALB), lactate dehydrogenase (LDH) levels on admission, third, seventh and 14th days were analyzed. Patients were grouped and
compared according to the occurrence of death during hospital follow-up. Variables considered significant on mortality were ana-
lyzed with univariate and multivariate logistic regression models.

Results: The study was conducted with 485 patients, 273 (56.3%) males and 212 (43.72%) females. The mean age of the patients
was 58+16.2 years, and 71% were in the mild-moderate and 29% in the severe-critical disease group. Disease severity, the need
for intensive care unit (ICU) follow-up, and the development of death were positively correlated with age, comorbidity, neutro-
phil (NE), leukocyte, neutrophil-lymphocyte ratio (NLR), PCT, CRP, ferritin, LDH values, and negatively correlated with lymphocyte
(LE), ALB and hemoglobin (HGB) values. In multivariate analysis, elevated PCT at hospital admission (OR: 6.96 [1.63;39.65]), LDH >
352U/L (OR: 4.35 [1.23;16.61]), LE<0.810 x 109/L (OR: 3.0 [1.16;7.85]) and advanced age (OR: 1.08 [1.03;1.14]) were independently
associated with in-hospital death. In hemogram and acute phase reactant monitoring, PCT, CRP and LDH were the most valuable
markers for predicting death, respectively (third-day AUC: 0.90;0.83;0.83 and seventh-day AUC: 0.95;0.90;0.89, respectively).
Conclusion: In our study, leukocytes, lymphocytes, NLR, CRP, PCT, ferritin, aloumin and LDH at admission were valuable in predict-
ing poor prognosis. In addition, it was determined that increases in PCT, LDH and CRP during follow-up could be used to predict
in-hospital death and to identify patients requiring close follow-up.

Keywords: COVID-19, lymphopenia, mortality, neutrophil-lymphocyte ratio, procalcitonin, prognosis

Please cite this article as "Celik Tellioglu E, Oncul A, Diktas H, Atasoy Tahtasakal C, Aktas E, Genc Yaman |, et al. The Role of Dynamic Chang-
es in Hematologic and Biochemical Parameters in Predicting Mortality in Covid-19 Patients. Med Bull Sisli Etfal Hosp 2024;58(3):371-380".

Address for correspondence: Emine Celik Tellioglu, MD. Department of Infectious Diseases, University of Health Sciences Turkiye,
Gaziosmanpasa Training and Research Hospital, Istanbul, Ttrkiye

Phone: +90 543 588 34 20 E-mail: celikemine.cmt@gmail.com

Submitted Date: January 23, 2024 Revised Date: March 14, 2024 Accepted Date: April 25, 2024 Available Online Date: September 30, 2024 =&

“Copyright 2024 by The Medical Bulletin of Sisli Etfal Hospital - Available online at www.sislietfaltip.org @ ®
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). BY__Ne




372

The Medical Bulletin of Sisli Etfal Hospital

n December 2019, a new virus identified as severe acute

respiratory syndrome coronavirus-2 (SARS-CoV-2) showed
us again after 17 years that CoVs can pose a serious threat
to global health." The World Health Organization emphasiz-
es that COVID-19, which has caused new cases and deaths
worldwide and in our country, should be considered a global
health threat as it is predicted that it may cause an increase
in new diseases and deaths with highly transmissible differ-
ent variants such as JN.1.2 This viral disease has a wide spec-
trum ranging from asymptomatic infection to life-threaten-
ing clinical pictures. The individual risk of severe iliness varies
by age, underlying comorbidities, different SARS-CoV-2 vari-
ants, vaccination status and most importantly immune reac-
tions to infection.®! It is an infectious disease with a complex
pathogenesis that can cause multisystem inflammatory syn-
drome and progresses with multiple organ involvement and
damage.” Disease severity and poor prognosis are correlat-
ed with the severity of this inflammatory response.*” While
oral antiviral drug and monoclonal antibodies studies con-
tinue, early detection of patients in the risk group remains
important. In addition, studies show that POSTCOVID-19
syndrome is often increased in cases with high systemic in-
flammation, and monitoring of inflammatory indicators is
also important in recognizing the patient group expected to
have prolonged symptoms.® Our study aimed to determine
the value of monitoring different inflammatory indicators in
predicting disease prognosis.

Methods

The study was designed as a retrospective observational
study. The study included patients aged 18 years and older
who were followed up as inpatients with a pre-diagnosis of
COVID-19 disease at the University of Health Sciences, Sisli
Hamidiye Etfal Training and Research Hospital , between
March 10, 2020 and April 20, 2020, with at least one SARS
CoV-2 polymer ase chain reaction (PCR) positive or PCR
negative and whose clinical and radiological findings were
compatible with CO-RADS (COVID-19 Reporting and Data
System-CORADS 4-5) and could not be explained by another
agent and disease. Pregnant women and the patients who
have hematologic malignity, solid organ malignity or who
have been receiving radiotherapy (RT) or chemotherapy (CT)
are excluded from the study since they may affect the results
(Fig. 1). Demographic and clinical characteristics, comorbidi-
ties, laboratory results, radiologic findings, SARS-CoV-2 PCR
results, and in-hospital mortality of eligible patients were
recorded on the study form. Complete blood count, CRP,
PCT, fibrinogen, ferritin, albumin, fibrinogen and LDH levels
were analyzed on admission, third, seventh and fourteenth
days. Follow-up values were compared, and patients were
grouped according to the occurrence of death.
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COVID 19 >18 age 570 patients
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Figure 1. Case flowchart.

Statistical Method

Descriptive statistics were presented as numbers with
percentages or as medians with the 25™"-75% percentile
range. Normal distribution was assessed through histo-
grams and the Shapiro-Wilk test. Categorical variables
were compared using either the Pearson chi-square test
or Fisher's exact test. Continuous variables were com-
pared by Student’s t-test or Mann-Whitney U test, de-
pending on the presence of normal distribution. Receiv-
er-operating characteristic (ROC) curves were generated
to investigate the binary classification performance of
laboratory variables. The performance of ROC curves
was assessed based on the Area Under the Curve (AUC).
To determine optimal cut-off points, the Youden index
[Yl(c) = max_c(sensitivity(c) + specificity(c) - 1] was em-
ployed. Univariate and multivariate logistic regression
models were estimated using baseline clinical and labo-
ratory variables upon admission to predict in-hospital
mortality. Independent variables identified as statistically
significant in the univariate analysis were included in the
final multivariate model. We excluded CRP from the mul-
tivariate model due to multicollinearity with PCT. Statis-
tical analyses and visualizations were conducted using R
version 4.0.2, a language and environment for statistical
computing provided by the R Foundation for Statistical
Computing, Vienna, Austria (http://www.R-project.org).
Two-sided p-values of<0.05 were considered statistically
significant.
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The study protocol was designed in accordance with the
principles outlined in the Declaration of Helsinki. Ethical
approval for the protocol was obtained from the Clinical
Research Ethics Committee of University of Health Sci-
ences, Sisli Hamidiye Etfal Training and Research Hospital
under application dated on April 22, 2020, and decision
number 1482.

Results

The mean age of the patients included in the study was
58+16.2 years. The mean age of patients who needed ICU
follow-up was 67.5£11.5 years, and the mean age of pa-
tients who died was 70.3+£11.2 years (p<0.001). Of the pa-
tients who died, 84% were 60 or older and 70% were male
(Table 1).

Therelationship between hemogram parameters and acute
phase reactants at admission and death was analyzed and
presented in Table 2. The median values of WBC, Neutro-
phil, NLR, CRP, PCT, LDH and ferritin were statistically sig-
nificantly higher in patients who died (p<0.001). Lympho-
cyte median value was statistically significantly lower in
deceased patients (p<0.001). Monocyte (MO), platelet (PLT)
counts, mean platelet volume (MPV) and fibrinogen values
were analyzed, and no significant difference was found
between living and deceased patients. However, platelet-
to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio
(MLR) and MPV-to-platelet ratio (MPR) were analyzed, and
PLR and MLR were statistically significantly higher in de-
ceased patients (p<0.001).

ROC analysis was performed to determine the predictive
values of the seven parameters (NLR, LE, NE, CRP, ferritin,
PCT and LDH) that showed a significant difference as a
result of univariate statistical analysis and their predictive
values in terms of death prediction with admission, third
and seventh-day follow-up values and are given in Figures
2, 3 and 4. AUC values for all parameters were statistically
significant. NLR > LE > NE > CRP > ferritin > PCT = LDH at
admission (AUC: 0.80, 0.79, 0.74, 0.72, 0.72); PCT > NLR =
CRP = LDH > ferritin > LE > NE on the third day (AUC: 0.90;
0.83; 0.78; 0.77; 0.74); on the seventh day PCT > CRP > NLR
> LDH > LE > ferritin = NE (AUC: 0.95; 0.90; 0.89; 0.88; 0.81;
0.79). It was found that procalcitonin measurement gained
importance in predicting death, especially on the third and
seventh day of follow-up.

The third, seventh and fourteenth-day control hemogram
data and CRP, PCT, ferritin and LDH values of the patients in-
cluded in our study. Third, seventh and 14™-day data were
available for 410, 277 and 99 patients, respectively. The me-
dian values of living and deceased patients were compared
and presented in Figures 5 and 6. When the follow-up val-
ues for NE and LE were compared between the living and
deceased groups, it was observed that NE continued to in-
crease and LE continued to decrease in the deceased group.
The statistically significant difference between the deceased
and living groups for NE and LE maintained its significance in
the follow-up values and the difference between the median
numbers of the two groups continued to increase (p<0.001).
For NLR, while a decrease was observed in the living group,
an increase was observed in the deceased group. It was

Table 1. Patients' demographic characteristics, comorbidities and habits

Total Living Dead p n
n=485, % n=435, % n=50, %

Age 58.1 (+£16.2) 56.7 (£16.1) 70.3(11.2) <0.001 485
Sex 0.056 485

Male 273 (56.3) 238 (54.7) 35(70)

Female 212 (43.7) 197 (45.3) 15 (30)
Hypertension 208 (42.9) 179 (41.1) 29 (58) 0.033 485
DM 117 (24.1) 98 (22.5) 19 (38) 0.025 485
CAD 99 (20.4) 81 (18.6) 18 (36) 0.007 485
Heart Failure 14 (2.5) 11(2.3) 3(6) 0167 485
CKD 26 (5.4) 21 (4.8) 5(10) 0.172 485
COPD 30(6.2) 25(5.7) 5(10) 0.220 485
Malignity 11(2.3) 6(1.3) 5(10) 0.003 485
Chronic Liver Disease 16 (3.3) 13(2.9) 3(6) 0.222 485
> 2 comorbidities 193 (39.8) 158 (36.3) 35(70) <0.001 485
Smoking 121 (28) 103 (23.6) 18 (36) 0.109 432
Alcohol 19 (4.4) 19 (4.3) 0(0) 0.244 432

DM: Diabetes Mellitus; CAD: Coronary artery disease; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease.
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Table 2. Patients' hemogram parameters and acute phase reactants at admission

Total Living Dead p n

n=485,% n=435,% n=50,%
NE (x109/L) 3.99[2.98;5.75] 3.87[2.93;5.28] 6.465 [4.01;10.715] <0.001 485
LE (x109/L) 1.160 [0.83;1.59] 1.21[0.89;1.63] 0.765 [0.602;1.088] <0.001 485
NLR 3.19[2.21;5.68] 3.03[2.1;5.1] 7.45[4.93;13.3] <0.001 485
MO (x109/L) 0.38[0.27;0.52] 0.38[0.27;0.51] 0.375[0.270;0.615] 0.686 485
PLT(x109/L) 186[153;227] 187 [153;226] 178 [148;248.2] 0.603 485
MPV(fl) 9.3[8.7;10] 9.3[8.7;10.0] 9.3[8.9;10.2] 0.507 485
PLR 159 [116;223] 154 [111;215] 207 [156;350] <0.001 485
MLR 0.31[0.23;0.45] 0.30[0.22;0.42] 0.46 [0.33;0.76] <0.001 485
MPR 5.05[3.93;6.28] 4.97(3.94;6.28] 5.37 [3.80;6.66] 0.433 485
HGB(g/dl) 13.5[12.2,14.6] 13.6[12.3;14.7] 13.1[10.8;14.2] 0.022 485
CRP (mg/L) 41[15;89] 36 [14;79] 116 [71.8;176] <0.001 485
PCT (ug/L) 0,12[0.12;0.16]
<0.12 n/N (%) 320/479 (%66.8)
0.13-0.25 85/479 (%17.7) 0.12[0.12;0.14] 0.25[0.12;0.53] <0.001 479
0.26-0.5 38/479 (%8)
>0.5 36/479 (%7.5)
LDH(U/L) 259[216;336] 255[210;322] 352 [257;468] <0.001 476
Albumin (g/dl) 3.6[3.2,3.9] 3.7 [3.3;4.0] 3.1[2.82;3.4] <0.001 236
FIB (mg/dl) 367 [326;417] 367 [326;417] 380 [352;442] 0.284 183
Ferritin (ug/1) 190 [83;403] 174 [81;342] 482 [214,880] <0.001 481

NE: neutrophil; LE: lymphocyte; NLR: neutrophil-lymphocyte ratio; MO: monocyte; PLT: platelet; MPV: Mean platelet volume; fl.: femtoliter; PLR: Platelet-
lymphocyte ratio; MLR: monocyte-lymphocyte ratio; MPR: MPV-to-platelet ratio; HGB: Hemoglobin; PCT: procalcitonin; CRP: C reactive protein; LDH: lactate
dehydrogenase; FIB: Fibrinogen; L: liter; g: gram; mg: milligram; dI: deciliter; pg: microgram; U: unite.
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Figure 2. ROC analysis plot with admission values for prediction of
death.

found that the significant statistical difference between the
two groups, which was present at admission, was main-
tained in the follow-up values (p<0.001). For PLT, no signifi-
cant statistical relationship was observed between the two
groups at admission and on the third day. Although there

Figure 3. ROC analysis graph with day three follow-up values for pre-
diction of death.

was no significant thrombocytopenia and thrombocytosis
on the seventh and fourteenth days, statistically significant
lower platelet counts were observed in the deceased group
(p=0.002; 0.017). The median values of CRP and ferritin in-
creased to high on the seventh day in both groups and a
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Figure 4. ROC analysis graph with day seven follow-up values for pre-
diction of death.

significant decrease was observed on the 14™ day in the liv-
ing group, while they remained high in the deceased group.
While the median values of PCT and LDH were close to the
normal range in the living group, they continued to increase
in the deceased group.

Univariate and multivariate logistic regression models were
created with age, gender, coronary artery disease (CAD),
diabetes mellitus (DM), hypertension (HT) and laboratory
values of the patients at admission, which were considered
clinically significant in mortality. All parameters that were
significant in the univariate analysis were included except
CRP. CRP was not included in the multivariate model be-
cause of the high correlation between CRP and PCT. The
data obtained from the analysis are given in Table 3. Ac-
cordingly, when evaluated alone, age, HT, CAD, DM, low
LE, CRP, LDH, ferritin, PCT and high NLR were determined
as risk factors for death. In the multivariate model, age, el-
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Figure 5. Change graph of LE, NLR, NE, and PLT follow-up values of living and dead patients, *p<0.001.
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Figure 6. Change graph of CRP, ferritin, PCT, and LDH follow-up values of living and dead patients, *p<0.001.

evated LDH and PCT, and low LE remained significant as
risk factors. In addition, female gender, elevated HGB and
albumin were found to be protective in univariate analysis
but not significant in multivariate models.

Discussion

COVID-19 epidemiology is uncertain. Until we learn more
about the seasonality and disease burden of COVID-19 in
the future, for prediction poor prognosis the detection and
use of simple, stable, achievable parameters is still impor-
tant. Monitoring laboratory values is useful for the clinician
to classify patients in terms of severity and follow-up. Leu-
kocytes and neutrophils are important peripheral blood
cells that can be elevated due to infectious and non-infec-
tious causes. COVID-19 is also recommended to indicate
secondary bacterial infection, cytokine storm syndrome,
severe infection and poor prognosis with increasing val-
ues.”™ In the study by Chen et al.'?, when the follow-up

values at the beginning, middle and end of hospitalization
were examined, it was observed that the leukocyte and
neutrophil counts, which were significantly higher in the
deceased group at the beginning, continued to increase
and were evaluated as significant in terms of poor prog-
nosis and death. In our study, leukocyte and neutrophil
levels were statistically significantly higher in dying pa-
tients. In our patients whose follow-up values on the third,
seventh and 14" days were also evaluated, the increase in
neutrophil levels continued in the deceased patient group.
The continued increase in deceased patients was associ-
ated with hyperinflammation, which may be prominent,
especially in the second week of the disease, and second-
ary bacterial infection with prolonged hospitalization. Our
findings support the literature that increased leukocyte
and neutrophil levels can be monitored regarding disease
severity, the need for ICU follow-up, poor prognosis and
thus prediction of death.
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Table 3. Univariate and multivariate logistic regression analysis for in-hospital mortality

Living Dead p Univariate Multivariate analysis
(n=435) (n=50) analysis OR (95% CI)
OR(95% Cl) D
Age 56.0 (46.5;68.0) 70.5 (63.2;78.2) <0.001** 1.06 (1.04;1.08) <0.001 1.08(1.03;1.14)
Sex

Male 238 (54.7%) 35 (70%) 0.056*

Female 197 (45.3%) 15 (30%) 0.52(0.27;0.97) 0.039 0.36 (0.11;1.05)

Hypertension 179 (41%) 29 (58%) 0.033* 1.97 (1.09;3.61) 0.025 0.57 (0.18;1.75)
DM 98 (22.5%) 19 (38.0%) 0.025* 2.11(1.12;3.88) 0.021 2.29(0.80;6.82)
CAD 81 (18.6%) 18 (36.0%) 0.007* 2.46 (1.29;4.57) 0.007 1.09 (0.35;3.42)
LE<0.810x109/L 85 (19.5%) 30 (60.0%) <0.001* 6.13 (3.33;11.5) <0.001 3.0(1.16;7.85)
NLR >4.24 141 (32.4%) 41 (82%) <0.001* 9.33 (4.60;21.1) <0.001 -
HGB g/dI 13.6 (12.3;14.7) 13.1(10.8;14.2) 0.022*%* 0.80 (0.69;0.94) 0.005 0.83(0.63;1.08)
Albumin g/dl 3.70 (3.30;4.00) 3.10(2.82;3.40) <0.001%** 0.08 (0.03;0.19) <0.001 0.61(0.16;2.32)
LDH >352U/L 74 (17.3%) 24 (49%) <0.001* 4.56 (2.45;8.47) <0.001 4.35(1.23;16.61)
Ferritin >460ug/I 73 (16.9%) 29 (58%) <0.001* 6.72 (3.64;12.6) <0.001 1.88 (0.65;5.42)
PCT ug/L 0.12(0.12;0.14) 0.25(0.12;0.53) <0.0071** 5.89(2.44;14.2) <0.001 6.96 (1.63;39.65)
CRP =83mqg/L 100 (23.0%) 35 (70.0%) <0.001* 7.73 (4.12;15.2) <0.001 -

*Pearson Chi-square **Man Whitney U ***Univariate Logistic regression DM: Diabetes Mellitus, CAD: Coronary artery disease, LE:
lymphocyte, NLR: neutrophil-lymphocyte ratio, HGB: Hemoglobin, PCT: procalcitonin, CRP: C reactive protein, LDH: lactate dehydrogenase,

L: liter, g: gram, mg: milligram, dl: deciliter, pg: microgram, U: unite.

Lymphopenia is a common finding in COVID-19 and is
both helpful in diagnosis and recommended to be evalu-
ated and followed up in terms of disease severity, develop-
ment of acute respiratory distress syndrome (ARDS), need
for ICU follow-up, poor prognosis and prediction of death.
013141 |n our study, lymphocyte values at hospital admission
were statistically significantly lower in our patient groups in
whom death occurred. It was also found to be a strong indi-
cator in our ROC analysis regarding the prediction of death.
High specificity was seen when the cut-off for prediction of
death was set at 0.81x109/L. In our patients whose third,
seventh and 14"-day follow-up values were also evalu-
ated, the decrease in lymphocyte levels continued in the
deceased patient group, and the lowest values were seen
on the seventh day (second week of illness) as expected.

NLR is a valuable parameter regarding disease severity and
poor prognosis with increasing neutrophil and decreas-
ing lymphocyte counts in COVID-19, as in many diseases.
819 |n a study by Yan et al™, comparing 1004 patients
with living and deceased patients, statistically significant,
much higher NLR values were found in deceased patients.
Repeated examinations were recommended regarding
disease severity and prognosis (4.1 in living patients and
49 in deceased patients). In our study, NLR was statistically
significantly higher in our patient groups who died. In our
patients whose third, seventh and 14t*-day follow-up val-
ues were also evaluated, the NLR continued to increase in

the deceased patient group and the difference between
both groups increased significantly. In addition, when ana-
lyzed by ROC analysis in terms of prediction of death on
the third and seventh day, although it was found to be the
most valuable parameter at admission, it was found to be
a good indicator after PCT, CRP and LDH for the third and
seventh day after the development of secondary bacterial
infection, respiratory failure and hypoxia in the later stages
of the disease.

Platelet count, MPV and ratios (PLR, MPR) have been the
subject of research regarding disease progression, poor
prognosis, and mortality in COVID-19 patients with hy-
perinflammation and hypercoagulopathy.'® In the study
by Chen et al.'?, in which 548 patients were analyzed, no
significant difference was found in terms of disease sever-
ity and death, while statistically significant lower platelet
levels were found in patients who ended with death. PLR,
on the other hand, was found to be statistically significant
with higher values in terms of both disease severity and
prediction of death. In the same study, in patients whose
follow-up values at the beginning, middle and end of
hospitalization were also examined, it was observed that
platelets continued to decrease in the deceased group. It
was reported as an independent risk factor for death by
multivariate analysis. In our study, although lower median
platelet levels were observed in patients who died, no sta-
tistically significant difference was found. Thrombocytope-
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nia was observed at similar rates between patient groups.
In addition, in patients who underwent dynamic follow-up
on the third, seventh and 14" days, a significant statistical
difference was observed between our living and deceased
patient groups on the seventh and 14" days, with inflam-
mation peaking in the first week of hospital follow-up.

Ferritin is an acute-phase protein that increases during tis-
sue damage and inflammatory response. Increased levels
can also be seen in COVID-19 patients with inflammation
and lung damage, especially with ARDS. In addition to the
acute phase response to viral infection, hyperferritinemia is
also seen with the cytokine storm seen in severe COVID-19
patients. Ferritin is thought to play an important role in this
excessive response.l'”! In a meta-analysis by Taneri et al."®,
evaluating 47 studies and 20810 patients regarding disease
severity and survival, statistically significant higher ferritin
levels were observed in the severe and deceased patient
group (606 vs 473 pg/L). In our study, statistically signifi-
cant higher ferritin levels were observed in our patient
groups in whom death occurred. Although there may be
different cut-offs in the literature in ROC analysis, it was ob-
served that it showed high specificity in predicting death.
In addition, in patients in whom dynamic follow-up was
also performed on the third, seventh and 14 days, inflam-
mation peaked in the first week of hospital follow-up and
maximum values on the seventh day and the statistically
significant difference between our deceased and living pa-
tient groups continued to increase in follow-up values. Our
findings support the literature that increased ferritin levels
can be followed up in terms of poor prognosis and, thus,
prediction of death.

In many studies on COVID-19, increased CRP values were
evaluated in terms of severe disease, poor prognosis, need
for ICU follow-up and prediction of death, and follow-up
was recommended. It has also been included in guidelines
for patient management and treatment selection.!>?? Al-
though interleukin-6 (IL-6) could not be analyzed in our
study, CRP, known to increase correlatively, was analyzed.
In the meta-analysis by Huang et al.?", which analyzed
3221 patients from 13 studies with different cut-offs and
references, severe disease, poor prognosis, the need for ICU
follow-up, and ARDS were reported as risk factors for ARDS
but were not found to be significant in terms of mortality.
When the cut-off =100 mg/L was determined for all stud-
ies, 51% sensitivity (18-84%) and 88% specificity (70-95%)
were observed, and it was stated that increasing CRP was
useful in terms of disease severity with repeated measure-
ments as well as prognosis. In our study, statistically signifi-
cant higher CRP levels were found in our patient groups
who died. In terms of prediction of death in ROC analysis,
it was again found to be the second strongest indicator af-

ter NLR with a cut-off of 83 mg/L. In addition, in patients
who were dynamically followed up on the third, seventh
and 14t days, inflammation, which peaked in the first week
of hospital follow-up, increased to a peak on the seventh
day. When analyzed by ROC analysis in terms of prediction
of death on the third and seventh day, it was found to be a
strong indicator after PCT.

Procalcitonin (PCT) is an acute phase reactant whose pro-
duction is induced by an increase in IL-1 and 6, tumor nec-
rotizing factor a (TNFa). TNFa production with increased
interferon y (IFNy) in most viral infections. While COVID-19
is detected within the normal range in mild-moderate, un-
complicated cases, its increase has been observed, espe-
cially with systemic inflammatory response, severe disease,
bacterial co-infection and organ dysfunction, and studies
have been conducted on its use.?” Today, when antibiotic
resistance is increasing rapidly, large-scale studies are also
being conducted regarding antibacterial indication and
time in COVID-19.2% In the study conducted by Mikami
et al.?, to determine risk factors for death in COVID-19,
higher PCT levels were observed in those who died, and it
was stated that the increase in PCT continued in follow-up
values in these patients who died (0.13 vs 0.47 ng/ml). Our
study observed that the significant statistical difference be-
tween the PCT values of our deceased and living patient
groups continued to increase in the follow-up values. When
analyzed by ROC analysis, PCT was the strongest predictor
of death on the third and seventh day. It was observed that
the difference, which was moderate even in uncomplicated
disease in the early period, became more pronounced with
the progression of the disease, prolonged hospitalization,
and development of complications. In addition, patients
should be evaluated for bacterial superinfection and the
need for antibacterial treatment when high values are de-
tected.

LDH is an indicator of tissue damage, and in meta-analyses,
including many studies in COVID-19 patients, its follow-
up has been recommended as a prognostic factor in pa-
tient groups, resulting in severe disease and death.®? In
the study by Castro et al.?”, a cut-off of 320 U/L was set
for LDH in terms of poor prognosis, and it was found to be
more valuable in terms of poor prognosis in the applica-
tion compared to other markers due to its biocompatibility.
Statistically significant higher LDH levels were observed in
our patient groups in whom death occurred. In addition, it
was observed to continue to increase in patients who died
with dynamic follow-up on the third, seventh and 14t days.
When analyzed by ROC analysis in terms of prediction of
death on the third and seventh days, it was found to be a
good indicator after PCT and CRP.
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In our multivariate analysis, we found a 1.08-fold increased
risk of death at one year of age, a 3-fold increased risk in
patients with lymphopenia (<0.810x109/L), a 4.35-fold in-
creased risk in patients with elevated LDH (=352U/L) and a
6.96-fold increased risk of death in patients with elevated
PCT, in line with the literature.

The limitation of our study, its single center and retrospec-
tive nature.

Conclusion

In COVID-19 patients, elevated NLR and CRP values at ad-
mission are the most valuable parameters in predicting
poor prognosis. While the risk of death increased with in-
creasing age in hospitalized patients, elevated PCT and
LDH values on the third and seventh-day follow-up were
found to be more valuable in predicting death than other
laboratory parameters. Our study contributes to the litera-
ture by investigating the role of hematologic parameters
in diagnosis as well as examining their dynamic follow-up.

Disclosures

Ethics Committee Approval: The Clinical Research Ethics Com-
mittee of University of Health Sciences, Sisli Hamidiye Etfal Train-
ing and Research Hospital under application dated on April 22,
2020, and decision number 1482.

Conflict of Interest: None declared.

Financial Support (Funder's Name): None declared.
Authorship Contributions: Concept — E.C.T,, A.O.,, HD., CAT,
EA, LGY, DS, I.D; Design - ECT, A.O, HD,, CAT, EA, |LGY,
D.Y.S., I.D,; Supervision - E.C.T.,, A.O, HD, CAT, EA, LGY, D.YS,
I.D.; Materials - E.C.T., A.O.; Data collection &/or processing —E.C.T,,
A.O, L.G.Y,; Analysis and/or interpretation - E.C.T., A.O,; Literature
search - E.CT,, A.O, D.Y.S,; Writing - E.C.T., A.O,; Critical review -
D.Y.S., H.D, I.D.

Use of Al for Writing Assistance: None declared.

References

1. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of
SARS-CoV-2 in different types of clinical specimens. JAMA
2020;323:1843-4. [CrossRef]

2. Looi MK. Covid-19: WHO adds JN.1 as new variant of interest. BMJ
2023;383:2975. [CrossRef]

3. Esper FP, Adhikari TM, Tu ZJ, Cheng YW, El-Haddad K, Farkas DH,
et al. Alpha to omicron: disease severity and clinical outcomes of
major SARS-CoV-2 variants. J Infect Dis 2023;227:344-52. [CrossRef]

4. Siavoshi F, Safavi-Naini SAA, Shirzadeh Barough S, Azizmoham-
mad Looha M, Hatamabadi H, Ommi D, et al. On-admission and
dynamic trend of laboratory profiles as prognostic biomarkers in
COVID-19 inpatients. Sci Rep 2023;13:6993. [CrossRef]

5. Trofin F, Nastase EV, Vatd A, lancu LS, Lunca C, Buzild ER, et al. The
immune, inflammatory and hematological response in COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

18.

patients, according to the severity of the disease. Microorganisms
2023;11:319. [CrossRef]

Malik P, Patel U, Mehta D, Patel N, Kelkar R, Akrmah M, et al. Bio-
markers and outcomes of COVID-19 hospitalisations: systematic
review and meta-analysis. BMJ Evid Based Med 2021;26:107-8.
[CrossRef]

Calim A, Yanic U, Halefoglu AM, Damar A, Ersoy C, Topcu H, et al. Is
there a relationship between epicardial adipose tissue, inflamma-
tory markers, and the severity of COVID-19 pneumonia? Sisli Etfal
Hastan Tip Bul 2023;57:387-96. [CrossRef]

Halpin SJ, Mclvor C, Whyatt G, Adams A, Harvey O, McLean L, et
al. Postdischarge symptoms and rehabilitation needs in survivors
of COVID-19 infection: a cross-sectional evaluation. J Med Virol
2021;93:1013-22. [CrossRef]

Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers as-
sociated with COVID-19 disease progression. Crit Rev Clin Lab Sci
2020;57:389-99. [CrossRef]

Thompson S, Bohn MK, Mancini N, Loh TP, Wang CB, Grimmler M,
et al; IFCC Taskforce on COVID-19. IFCC Interim Guidelines on bio-
chemical/hematological monitoring of COVID-19 patients. Clin
Chem Lab Med 2020;58:2009-16.

Frater JL, Zini G, d'Onofrio G, Rogers HJ. COVID-19 and the clinical
hematology laboratory. Int J Lab Hematol 2020;42:11-8. [CrossRef]
Chen R, Sang L, Jiang M, Yang Z, Jia N, Fu W, et al; Medical Treat-
ment Expert Group for COVID-19. Longitudinal hematologic and
immunologic variations associated with the progression of COV-
ID-19 patients in China. J Allergy Clin Immunol 2020;146:89-100.
[CrossRef]

Stomka A, Kowalewski M, Zekanowska E. Coronavirus Disease
2019 (COVID-19): a short review on hematological manifesta-
tions. Pathogens 2020;9:493. [CrossRef]

Yoo EH, Chang SH, Song DY, Lee CH, Cheong GY, Park S, et al.
Comprehensive laboratory data analysis to predict the clinical
severity of Coronavirus Disease 2019 in 1,952 patients in Daegu,
Korea. Ann Lab Med 2022;42:24-35. [CrossRef]

Yan X, Li F, Wang X, Yan J, Zhu F, Tang S, et al. Neutrophil to lym-
phocyte ratio as prognostic and predictive factor in patients with
coronavirus disease 2019: a retrospective cross-sectional study. J
Med Virol 2020;92:2573-81. [CrossRef]

Zayed NE, Abbas A, Lutfy SM. Criteria and potential predictors of
severity in patients with COVID-19. Egypt J Bronchol 2022;16:11.
[CrossRef]

Hulkoti VS, Acharya S, Kumar S, Talwar D, Khanna S, Annadatha
A, et al. Association of serum ferritin with COVID-19 in a cross-
sectional study of 200 intensive care unit patients in a rural hos-
pital: is ferritin the forgotten biomarker of mortality in severe CO-
VID-19? J Family Med Prim Care 2022;11:2045-50. [CrossRef]

Taneri PE, Gomez-Ochoa SA, Llanaj E, Raguindin PF, Rojas LZ, Roa-
Diaz ZM, et al. Anemia and iron metabolism in COVID-19: a sys-
tematic review and meta-analysis. Eur J Epidemiol 2020;35:763-
73. [CrossRef]



380

The Medical Bulletin of Sisli Etfal Hospital

19.

20.

21.

22.

Bhimraj A, Morgan RL, Shumaker AH, Lavergne V, Baden L, Cheng
VG, et al. Infectious Diseases Society of America Guidelines on the
treatment and management of patients with COVID-19. Clin In-
fect Dis 2020:ciaa478. [CrossRef]

T. C. Saghk Bakanlig. Eriskin hasta tedavisi. Available at: https://
covid19.saglik.gov.tr/TR-66926/eriskin-hasta-tedavisi.html.  Ac-
cessed Jul 17, 2024.

Huang |, Pranata R, Lim MA, Oehadian A, Alisjahbana B. C-
reactive protein, procalcitonin, D-dimer, and ferritin in severe
coronavirus disease-2019: a meta-analysis. Ther Adv Respir Dis
2020;14:1753466620937175. [CrossRef]

Kumar A, Karn E, Trivedi K, Kumar P, Chauhan G, Kumari A, et al.
Procalcitonin as a predictive marker in COVID-19: a systematic re-
view and meta-analysis. PLoS One 2022;17:€0272840. [CrossRef]

23.

24,

25.

Euden J, Pallmann P, Grozeva D, Albur M, Bond SE, Brookes-How-
ell L, et al; PEACH Study Group. Procalcitonin evaluation of antibi-
otic use in COVID-19 hospitalised patients (PEACH): protocol for
a retrospective observational study. Methods Protoc 2022;5:95.
[CrossRef]

Mikami T, Miyashita H, Yamada T, Harrington M, Steinberg D,
Dunn A, et al. Risk factors for mortality in patients with COVID-19
in New York City. J Gen Intern Med 2021;36:17-26. [CrossRef]
Castro-Castro MJ, Garcia-Tejada L, Arbiol-Roca A, Sanchez-Na-
varro L, Rapun-Mas L, Cachon-Suérez |, et al. Dynamic profiles
and predictive values of some biochemical and haematologi-
cal quantities in COVID-19 inpatients. Biochem Med (Zagreb)
2022;32:010706. [CrossRef]



