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This study aimed to evaluate the hematological and coagulation parameters according to the
clinical outcomes of coronavirus disease (COVID-19). We analyzed the hematological and
coagulation parameters of hospitalized patients with COVID-19 at admission, and two and three
weeks during hospitalization. To assess the performance of these parameters in predicting poor
outcomes, receiver operating characteristic (ROC) curves were created. We studied 128 patients
with COVID-19 (59.2+17.7 years, 56% male). Non-survivors (n=54, 42%) presented significant
alterations in hematological and coagulation parameters at admission, such as increased in
white blood cells (WBC), neutrophil, and band cell counts, as well as elevated prothrombin
time (PT), activated partial thromboplastin time, and D-dimer levels. During follow-up, the
same group presented a gradual increase in D-dimer and PT levels, accompanied by a reduction
in PT activity, hemoglobin, and red blood cell count (RBC). ROC curves showed that WBC,
neutrophil, and band cell counts presented the best area under the curve (AUC) values with
sensitivity and specificity of >70%; however, a logistic regression model combining all the
parameters, except for RBC, presented an AUC of 0.89, sensitivity of 84.84%, and specificity of
77.41%. Our study shows that significant alterations in hematological and coagulation tests at
admission could be useful predictors of disease severity and mortality in COVID-19.
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Key Point 1: Alterations in hematological and coagulation
data at admission could be useful predictors of disease
severity and mortality in patients with COVID-19.

Key Point 2: Hematological and coagulation disorders
caused by COVID-19 are associated with death.
Identifying these changes at the time of hospitalization
affects the treatment and prognosis of patients.
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Key Point 3: A multivariate logistic regression model
combining several parameters to improve the area under
the curve to predict mortality performed better than
individual analysis of the parameters.
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INTRODUCTION

In December 2019, an outbreak of a novel coronavirus
(SARS-CoV-2), which can cause severe acute respiratory
syndrome (SARS), occurred in Wuhan (China) and has
rapidly infected people worldwide (Wang et al., 2020).
Thus, the World Health Organization declared the
coronavirus disease (COVID-19) a pandemic in March
2020 (Huang et al., 2020a). The common symptoms
of COVID-19 appear after an incubation period of
approximately 5.2 days and are often characterized
by flu-like symptoms in addition to anosmia/ageusia
and dyspnea (Li et al., 2020a). Although the general
population is susceptible to SARS-CoV-2 infection, older
people have a higher risk of morbidity and mortality,
especially those with comorbidities, such as diabetes,
hypertension, or cardiac disease (Guan et al., 2020).

Early hematological abnormalities in patients with
COVID-19 have also been associated with increased
mortality risk (Terpos et al., 2020). This is probably
due to the activation of inflammatory cells, such as
neutrophils and monocytes, in addition to endothelial
dysfunction, which results in an exacerbated production
of procoagulants and uncontrolled cytokine release (Tang
et al., 2020a). Regarding the parameters that could reflect
this state of the exacerbated immune response, studies
have been demonstrating that lymphopenia is an effective
and reliable indicator of disease severity and the need for
hospitalization in patients with COVID-19 (Liu et al.,
2020a). Moreover, the neutrophil-to-lymphocyte ratio
(NLR), which can be easily assessed, has been reported
to be a good indicator of a patient’s general inflammatory
status (Liu et al., 2020D).

The American Society of Hematology has outlined
that the hematological profile of patients with COVID-19
is associated with a clinical state of hypercoagulation
with high D-dimer levels, fibrinogen degradation
products, prolonged prothrombin time (PT), and activated
partial thromboplastin time (aPTT) (American Society
of Hematology, 2020). Thus, it is also important to
assess coagulation parameters during the course of
COVID-19 because thrombocytopenia is associated
with an increased risk of severity and mortality (Lippi,
Plebani, Henry, 2020).
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Therefore, we designed a longitudinal cohort
study to analyze several hematological and coagulation
parameters obtained in the clinical routine of hospitalized
patients with COVID-19. We aimed to determine whether
these parameters could be associated with COVID-19
severity and an increased risk of in-hospital death during
the clinical course.

MATERIAL AND METHODS
Study Design

This retrospective study was performed on
hospitalized patients with COVID-19 and focused on
analyzing hematological and coagulation parameters.
Patients included in this study were admitted to the
Hospital Universitario Antonio Pedro (HUAP, Niteroi,
Rio de Janeiro, Brazil) during the initial phase of the
COVID-19 pandemic in Brazil from April to August
2020. HUAP is a reference hospital for Metropolitan
Region II of Rio de Janeiro State and the current reference
treatment center for moderate to severe COVID-19 cases
(e.g., persistent cough, fever, and respiratory discomfort
or drop in oxygen saturation). Moreover, HUAP is a
quaternary hospital, attending to highly complex cases,
including cancer, autoimmune disease, heart surgeries,
and transplants.

Data were collected at three different time points.
The first time point was at admission and confirmation
of COVID-19 diagnosis (baseline) and subsequently
at the second and third weeks of hospitalization.
Patient data (e.g., sex, ethnicity, age, and presence of
comorbidities) were obtained from the patients’ charts.
This study was approved by the Ethics Committee
of Universidade Federal Fluminense (CAAE:
30623520.5.0000.5243).

Diagnosis of SARS-CoV-2 Infection

For the molecular diagnosis of SARS-CoV-2
infection, reverse transcriptase real-time polymerase
chain reaction (RT-PCR) tests were performed within
the first week from the symptom onset. Briefly, viral
RNA was isolated from nasopharyngeal swabs or tracheal
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aspirates collected from hospitalized patients at admission
(within the first week after symptom onset). Importantly,
all molecular tests for SARS-CoV-2 diagnosis were
performed at the Multiuser Laboratory for Research
Support in Nephrology and Medical Science (LAMAP)
located at HUAP in accordance with the Brazilian
Ministry of Health regulations. The LAMAP has been
validated and certified for the diagnosis of SARS-
CoV-2 by the Central Public Health Laboratory Noel
Nutels (LACEN), a reference laboratory for COVID-19
diagnostics in Brazil.

For viral RNA extraction, the QIAamp Viral RNA
kit (QIAGEN, Hilden, Germany) was used according
to the manufacturer’s instructions. SARS-CoV-2 target
gene N1 and N2 amplification and detection by RT-PCR
were performed using the 2019-nCOV RUO Kit (catalog
number:10006770, Integrated DNA Technologies, Inc.,
Iowa, USA) and GoTaq® Probe 1-Step RT-qPCR (catalog
number: A6121, Promega Corporation, Wisconsin,
USA) reagents. Cycle threshold cutoff points were
<38 for the N1 and N2 genes and <35 for the internal
control (human RNAaseP), following the CDC/USA
protocol. Amplification was performed using a 7500
system (Applied Biosystems, Thermo Fisher Scientific,
California, USA).

Laboratory Tests

Hematological and coagulation parameters were
assessed by automated methods using Coulter LH 750R
(Beckman Coulter, California, USA) and Sysmex CA-
1500 SystemR (Sysmex America Inc., Illinois, USA),
respectively. All tests were performed at the Clinical
Pathology Service (HUAP/UFF) within 2—4 h of blood
sampling.

We also assessed indirect indicators of the
inflammatory state, such as the NLR and monocyte-
to-lymphocyte ratio (MLR). The NLR is defined as
the absolute number of neutrophils divided by the
absolute number of lymphocytes and has been used
as an indicator of systemic inflammation (Faria et al.,
2016). MLR was calculated by dividing the monocyte
count by the lymphocyte count obtained from routine
blood examination and is a new marker of the systemic
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inflammatory response that has been investigated in
cardiovascular disease (Asan et al., 2021; Ramos-Pefafiel
et al., 2020).

Statistical Analysis

Data are expressed as the mean + standard
deviation (SD) or n (%). Differences between the two
groups were assessed using the t-test or Mann-Whitney
U test according to the distribution of variables. Paired
analysis of longitudinal data was performed using
repeated-measures analysis of variance or Friedman
test with their respective post-tests. Fisher’s exact
test was used to calculate the differences between
proportions for categorical variables. We performed
receiver operating characteristic (ROC) curve analysis
for hematological and coagulation parameters obtained
at the time of patient admission to investigate their
ability to predict the clinical outcome. To investigate
the combined ability to predict clinical outcomes, all
parameters, except for red blood cell count (RBC),
were used in the multivariate logistic regression model.
This part of the analysis was performed using the R
software (R Foundation for Statistical Computing,
Vienna, Austria). Data were analyzed using GraphPad
Prism® v.8.0 (GraphPad Inc., California, USA), and
statistical significance was set at P < 0.05.

RESULTS

In this study, we included 128 hospitalized
adult patients with laboratory-confirmed SARS-
CoV-2 infection. Overall, the mean age (£SD) of
the patients was 59+17 years, and 56% were male.
During the follow-up period, 54 patients (42%) died.
As expected, the main difference between survivors
and non-survivors was older age in the latter group
(55£17 vs. 65£16; P=0.0001). Moreover, the number of
critical cases (defined as the requirement for invasive
mechanical ventilation and hemodynamic instability)
was significantly higher in the same group (P<0.0001).
The demographic and clinical characteristics of patients
with COVID-19 according to clinical outcomes are
summarized in Table 1.
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TABLE I - Clinical and demographic characteristics of hospitalized COVID-19 patients according to outcome from the Hospital
Universitario Antonio Pedro (Niteroi, Rio de Janeiro, Brazil)

SURVIVORS NON-SURVIVORS

PARAMETERS N=74 N - 54 P-VALUE
Age, years (mean + SD) 55.3+17.6 65.8 £16.7 0.0001
Male gender, n (%) 37 (50) 35 (64.8) 0.1
Symptoms at admission, n (%)
Fever 56 (75.7) 33 (61.1) 0.08
Cough 51 (68.9) 32 (59.2) 0.3
Sore throat 7(9.4) 2(3.7) 0.3
Headache 13 (17.6) 7 (12.9) 0.6
Fatigue 26 (35.1) 13 (24.1) 0.2
Myalgia 11 (14.9) 237 0.04
Anosmia/ageusia 11 (14.9) 509.2) 0.4
Diarrhea 9 (12.2) 7 (12.9) 0.9
Dyspnea 37 (50) 34 (62.9) 0.1
Hypoxia (O, sat. < 95%) 30 (40.5) 27 (50) 0.4
Comorbidities, n (%)
Cancer 18 (24.3) 22 (40.7) 0.05
CVD 45 (60.8) 36 (66.7) 0.6
CKD 12 (16.2) 11 (20.4) 0.6
Diabetes 17 (22.9) 23 (42.6) 0.02
Obesity 13 (17.6) 13 (24.1) 0.4
Immunosuppression 15 (20.3) 15 (27.8) 0.4
Hematological disease 6 (8.1) 10 (18.5) 0.1
Chronic pulmonary disease 12 (16.2) 11 (20.4) 0.6
Critical cases*, n (%) 9(12.2) 41 (75.9) <0.0001

Data is presented as n (%) or mean + SD. (¥) Critical cases were defined as requirement of invasive mechanical ventilation and hemodynamic
instability. P-values were calculated by t-student, Mann- Whitney test or Fisher’s exact test (P-values < 0.05 are described in bold). CKD
= chronic kidney disease; CVD = cardiovascular disease.

First, we performed the analysis of hematological
and coagulation parameters of patients with COVID-19
at admission according to the development of clinical
outcomes (survivors vs. non-survivors), as shown in Table
II. We found that white blood cells (WBC), neutrophil,
and band cell counts were significantly increased in
non-survivors (P<0.0001). Importantly, lymphocyte and
monocyte counts did not show significant differences;
however, when we analyzed the percentage of these cells
with respect to WBC, both were significantly reduced
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(P<0.0001 and P=0.0006, respectively). With regard to
coagulation parameters, we observed that non-survivors
also presented higher PT (P=0.01), aPTT (P=0.0007),
INR (P=0.04), and D-dimer (P=0.006) levels than
survivors. Of note, no differences were observed in the
RBC, hematocrit, hemoglobin, and red cell distribution
width (RDW). There was no statistical difference in
platelet, lymphocyte, and band cell counts, in addition
to RDW percentage, from admission to the subsequent
weeks of hospitalization.
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TABLE Il - Hematological and coagulation parameters at admission, without consider patients with hematological disease

PARAMETERS (mean: SD) SUI;JV:I:?RS NON'S;TZ:VORS P-VALUE
RBC (10/mm?) 3.8+0.8 3.6+0.8 0.4
Hematocrit (%) 335+73 31.8+77 0.2
Hemoglobin (mg/dL) 11£2.5 104 +£2.6 0.2
RDW (%) 15.6+2.9 17+47 0.1
Platelets (10%mm?) 256.1 +111.2 249 + 116.9 0.6
Leukocytes (10¥mm?) 6.6+3.2 11.5+79 <0.0001
Neutrophils (10%mm?) 4.18 + 8.56 + <0.0001
Monocytes (10*mm?) 0.47+0.32 0.48 +0.39 0.8
Lymphocytes (10%mm?) 1.1 £0.61 0.96 +0.49 0.2
Band cells (10¥mm?) 0.39 +0.39 1.3+1.8 <0.0001
Neutrophils (%) 66.8 +11.5 73.3+10.2 0.004
Monocytes (%) 74 +4.1 47+3.6 0.0006
Lymphocytes (%) 185+ 10 10.6 £ 6.6 <0.0001
Band cells (%) 55+3.6 99+6.6 0.0001
NLR 5.38+£4.25 104 +7.22 <0.0001
MLR 0.47+0.31 0.51 +0.36 0.6
PT (sec) 139+1.9 153+3.2 0.01
PT activity (%) 937 +21.3 82 +£26 0.02
aPTT (sec) 344+6.2 40.6 £9.8 0.0007
INR 1.15 +0.57 1.21 £0.35 0.04
D-dimer (u/mL) 2059 + 2308 2896 + 2010 0.006

Data is presented as mean + SD. P-values were calculated by unpaired t test or Mann-Whiney test (P-values < 0.05 are described in bold).

Abbreviations: aPTT = activated partial thromboplastin time; PT = prothrombin time; INR = international normalized ratio; NLR =

neutrophil-lymphocyte ratio MLR = monocyte-lymphocyte ratio, RBC = red blood cells; RDW = red cell distribution width.

When analyzing COVID-19 patients with cancer,
the most frequent solid tumor in our cohort were prostate
(n=12), lungs (n=5), breast (n=5), brain (n=5), and colon
(n=5). We also performed an analysis to investigate
the death rate according to the presence of oncological
diseases (Table I). We observed a higher death rate among
COVID-19 patients with cancer (24.3% vs. 40.7%);
however, this result was not statistically significant
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(P=0.05). Notably, the mortality rate was not associated
with any specific type of cancer.

Next, to understand the behavior of blood elements
during the progression of COVID-19, we performed a
longitudinal analysis of hematological and coagulation
parameters at three different time points (baseline, week 2,
and week 3). As shown in Table I11, we observed a gradual
increase in D-dimer (P=0.04) and PT (P=0.02) levels,
accompanied by a reduction in PT activity (P=0.03) by
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the second week of follow-up. We identified a significant
and gradual decrease in hemoglobin levels (P=0.006) and
RBC (P=0.008). Furthermore, there was an increase in
the WBC count (P=0.008), which was probably due to
an increase in the neutrophil count (P=0.04). We also
found that the NLR was significantly increased in the
non-survivor group at admission (P<0.0001).

Our next step was to perform a longitudinal analysis
of hematological and coagulation parameters according

to clinical outcomes. As shown in Figure 1, during the
course of COVID-19 hospitalization, survivors presented
an increase in leukocyte count from baseline to the third
week (P<0.05), in addition to a decrease in lymphocyte
percentage from the second to the third week (P<0.05).
We also observed a gradual increase in D-dimer levels
in non-survivors during follow-up, as well as an increase
in band cell percentage; however, this increase was not
statistically significant in the longitudinal analysis.

TABLE Il - Hematological and coagulation parameters according to the hospitalization period regardless of the outcome

PARAMETERS (mean= SD) BASELINE WEEK 2 WEEK 3 P-VALUE
RBC (10/mm?3) 3.74£0.8 3.5+0.9 3.2+0.7 0.008*¢
Hemoglobin g/dL 10.842.5 10.3£2.6 9.3+2.0 0.006¢
RDW (%) 16.243.8 16.1+3.1 16.3£2.3 0.4
Platelets 10%mm?® 253.2+113.1 280.9+135.3 298.5+139.4 0.2
Leukocytes (10%mm?) 8.6+5.6 10.7+£8.4 11.942.8 0.008*¢
Neutrophils (10%/mm?) 6.24+4.3 7.5+5.8 8.6+£6.3 0.04>¢
Neutrophils (%) 71.1+11.4 70+11.3 73.2+11.4 0.8
Monocytes (103mm?) 0.5+0.3 0.5+0.4 0.7+£0.5 0.022¢
Monocytes (%) 5.3+3.6 5.2+4 5.7+4 0.8
Lymphocytes (10%mm?) 1.0+0.6 1.2+0.7 1.3+0.8 0.2
Lymphocytes (%) 14.15+9.03 13.67+9.99 10.19£7.97 0.2
Band Cells (10*mm?) 0.8+1.3 1.1£2.4 1.1£1.2 0.09
NLR 8.40+6.97 9.724+9.88 11.97+8.15 0.2
MLR 0.46+0.34 0.56+0.74 0.73+0.61 0.1
PT (sec) 14.6+£2.7 15.7£3.5 16.0+£5.5 0.02
PT activity (%) 88.3+24.2 78.5+21.8 78.8+21.5 0.03
aPTT (sec) 37.248.6 40.6+15.8 39.5+13.4 0.8
INR 1.240.5 1.2+0.4 1.2+0.3 0.03
D-dimer ng/mL 2396+2220 369643442 3796+3487 0.04

Data is presented as mean + SD. P-values were calculated using Repeated Measures ANOVA or Friedman test with their respective posttests

(a, baseline vs. week 2; b, baseline vs. week 3; ¢, week 2 vs. week 3) (P-values < 0.05 are described in bold). Abbreviations: aPTT = activated

partial thromboplastin time; PT = prothrombin time; INR = international normalized ratio; NLR = neutrophil-lymphocyte ratio; MLR =

monocyte-lymphocyte ratio; RBC = red blood cells; RDW = red cell distribution width.
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To analyze the performance of hematological
and coagulation parameters measured at admission
as predictors of mortality in the context of
COVID-19, we analyzed the ROC curves. First, we
analyzed each parameter with significant P-values in the
bivariate analysis. As shown in Supplementary Table [, we
found that WBC (P<0.0001), NLR (P<0.0001), neutrophil
count (P<0.0001), and band cell count (P<0.0001) showed
the best area under the curve (AUC) values of 0.74, 0.75,
0.77, and 0.79, respectively. In addition, these parameters
had sensitivity and specificity values of >70%.

Importantly, the analysis of hematological parameters
was performed without considering patients with
hematological disease (n=16), as these patients present
intrinsic alterations in hematological parameters. The
profile of patients with hematological disease is described
in Supplementary Table II, and the analysis of laboratory
tests at admission in comparison with patients with other
comorbidities is reported in Supplementary Table III.

Although the results presented above concerning the
analysis of individual parameters as predictors of death
in the COVID-19 context were statistically significant,
the AUC values were <0.8. To improve these analyses
and facilitate the perspective regarding patient prognosis
when evaluating hematological and coagulation factors at
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hospital admission, we performed a multivariate analysis
with possible models combining these parameters to
predict mortality. For this purpose, we developed
a multivariate logistic regression model combining
these parameters to improve the AUC, sensitivity, and
specificity values. Two different statistical models (A and
B) were created to predict mortality. Model A consisted
of all hematological and coagulation parameters, and
model B consisted of all parameters except the RBC.
For model A, we obtained an AUC of 0.88, a sensitivity
of 60.6%, and a specificity of 96.7%; for model B, we
obtained an AUC of 0.89, a sensitivity of 84.84%, and a
specificity of 77.41%. The ROC curves for models A and
B are shown in Figure 2. Considering the predictive value
for hits and misses, it is important to note that model
A indicated that 43 patients survived when 13 of them
died, misclassifying 30.2% of cases. Meanwhile, model
B indicated that only 5 out of 29 (7.2%) patients survived,
thus presenting a lower error rate. Considering that it is
more serious to indicate that a patient will survive when,
in fact, he dies compared to indicating that he will die
when, in fact, he survives, model B performed better.
Thus, although model A presented greater specificity,
model B was more appropriate because it presented
balanced sensitivity and specificity.
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FIGURE 1 - Longitudinal analysis of hematological and coagulation parameters according to the outcome in hospitalized patients
with COVID-19 from admission to the third week of hospitalization

“Data is shown as mean £ SEM. (A) Hematological
and (B) coagulation parameters according to the
outcome (survivors vs. non-survivors). t test or
Mann-Whitney tests were used at each timepoint
to observe differences between survivors and non-
survivors. Repeated Measures ANOVA or Friedman
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tests were used for the longitudinal analysis, with their
respective post-tests (P-values are represented with
bars in longitudinal analysis). *P<0.05, **P<0.01 and
*#*p<0.001. Abbreviations: aPTT = activated partial
thromboplastin time; PT = prothrombin time; INR =
international normalized ratio.”
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FIGURE 2 - ROC curve provided by the multivariate analysis for predicting death in hospitalized patients with COVID-19

Model A: all hematological and coagulation parameters. Model B: all parameters except for red blood cell count (RBC)

DISCUSSION

In accordance with our results, other studies have
reported early hematological abnormalities such as
leukocytosis, neutrophilia, lymphopenia, low hemoglobin
levels, and platelet counts in critically ill COVID-19
patients (Sun et al., 2020; Keski, 2021). According to
the literature, although leukopenia and lymphopenia
were prevalent in COVID-19 patients in previous studies
(Huang et al., 2020b; Liu et al., 2020b), in our study, we
observed lymphopenia associated with leukocytosis.
One may suggest that leukocytosis, in this case, could
be a reflection of the significant increase in neutrophils
and band cells, probably owing to the recruitment of
these cells from the bone marrow (Mann et al., 2020;
Opdenakker, Fibbe, Van Damme, 1998).

In parallel, lymphopenia has been reported
in different viral infections, such as those caused
by Middle East respiratory syndrome coronavirus
(Yang et al., 2017) and human respiratory syncytial
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virus (O’Donnell, Carrington, 2002). In COVID-19,
lymphopenia is associated with disease severity and
prolonged hospitalization (Liu ef al., 2020a; Tavakolpour
et al., 2020).

As a potential biomarker of exacerbated
inflammation, the NLR has been investigated in various
chronic inflammatory and metabolic diseases, including
cardiovascular diseases and oncological processes
(Guthrie et al., 2013; Shah et al., 2014; Imtiaz et al.,
2012). As COVID-19 patients who died had neutrophilia
and lymphopenia, as mentioned above, this should be
expected. In association with an elevated neutrophil
count, we also observed a significant increase in band
cells in non-survivors of COVID-19. Thus, non-survivor
patients are already being admitted to the hospital with
high levels of immature WBC, which may contribute to a
dysfunctional innate immune response leading to severe
lung damage and worse clinical outcomes in patients with
COVID-19 (Mann et al., 2020).
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The presence of neutrophilia in hospitalized
patients may be related to COVID-19-associated
thrombopathy due to the formation of NETs
(extracellular neutrophil traps), which are released by
activated neutrophils, stimulating platelet aggregation
and triggering the coagulation cascade (Caillon ef al.,
2022; Johnson et al., 2022). In addition to the increase
in neutrophils, recent data have shown that the SARS-
CoV-2 spike protein can stimulate the release of NETs
(Youn et al., 2021). Moreover, intravascular NET
formation with platelet aggregation leads to organ
damage, affecting the kidneys, lungs, and heart owing
to the rapid occlusion of blood vessels (Leppkes et al.,
2020; Iliadi et al., 2021).

Overall, our results are in accordance with the study
performed by Tang et al. (2020a, 2020b), which defined
a score for disseminated intravascular coagulation risk
and observed that D-dimer, PT, and age were positively
correlated with mortality in the multivariate analysis
(Tang et al., 2020a; Tang et al., 2020b). We believe that this
could reflect an early consumption of coagulation cascade
factors since SARS-CoV-2 is likely to promote high fibrin
formation and deposition, which can subsequently be
associated with higher D-dimer levels, notably in non-
survivors (Spiezia et al., 2020). This change can also be
explained by the exacerbation of inflammation mediated
by cytokines and activation of immune cells and is usually
accompanied by an increase in the concentration of
ferritin and C-reactive protein (Bergamaschi et al., 2021).

Other studies have suggested that the NLR
may be considered an independent biomarker for
predicting disease severity and mortality, indicating
poor clinical outcomes (Yang et al., 2020; Li et al.,
2020b). Furthermore, our data showed that aPTT and
D-dimer levels were the most relevant coagulation
factor parameters. Other studies have shown that PT
and D-dimer levels can effectively predict mortality at
admission (Liu et al., 2020c; Long et al., 2020). aPTT
values did not correlate with COVID-19 severity in most
studies; however, elevated D-dimer levels were strong
predictors of both disease severity and mortality (Spieza
et al., 2020; Huang et al., 2020b).
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Altogether, hematological and coagulation parameters
should be carefully checked at the time of SARS-CoV-2
diagnosis, since early alterations in these routine clinical
laboratory examinations could help identify patients at
higher risk for death. These data show that abnormalities in
these parameters can also be detected as early as at hospital
admission in non-survivors of COVID-19.

Our study had some limitations. Patients with
hematological diseases were not included in the analysis
because they presented alterations in hematological
parameters that were associated with the baseline condition.
In addition, the presence of different comorbidities could
influence the data obtained, as a significant number of
patients have cancer, cardiovascular diseases, chronic
kidney diseases, chronic lung diseases, diabetes, obesity,
and immunosuppression. Nevertheless, several studies have
demonstrated that patients with comorbidities constitute the
vast majority of severe cases of COVID-19 (Zhou et al.,
2020; Fathi et al., 2021). The disparity between the present
study and others may be related to the profile of the patients
since it is a reference hospital for critically ill patients with
several comorbidities.

CONCLUSION

Our data indicate that COVID-19 patients with
moderate or severe disease present significant alterations
in hematological and coagulation parameters during the
course of hospitalization. Importantly, these alterations
were more prominent in non-survivors who presented
leukocytosis, neutrophilia, and increased band cells,
in association with monocytopenia, lymphopenia, and
disturbances in coagulation factors. The analysis of ROC
curves showed that, despite the individual analysis of
hematological and coagulation parameters presenting
statistical significance, the power to predict death by
COVID-19 increases when evaluating the parameters
altogether. Thus, we hope to contribute to a better
understanding of the alterations in routine laboratory
tests during hospitalization and draw attention to how
these parameters can indicate COVID-19 worsening or
even death.
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