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ARTICLE INFO ABSTRACT

Keywords: COVID-19 primarily affects the respiratory system and can cause changes in other systems. Early
COVID-19 identification of patients with a higher potential for complications is critical to provide the best
Biomarkers possible treatment to reduce the disease’s lethality. This study aimed to analyze the behavior of
I\N/Izlxlgz}lj:l hematologic biomarkers in predicting mortality in patients hospitalized with COVID-19. This
Lymphocyte retrospective cohort study used data from the medical records of patients hospitalized with

Death COVID-19 between March and August 2020 in two referral hospitals for treatment of the disease
in the city of Cuiaba (in the state of Mato Grosso, Brazil). Clinical and laboratory characteristics
related to cardiovascular involvement and death during hospitalization were evaluated. Neu-
trophils, lymphocytes, and monocytes, as well as the neutrophil-to-lymphocyte ratio (NLR) and
the monocyte-to-lymphocyte ratio (MRL), were used as potential biomarkers of death. A total of
199 patients were included (male: 113; mean age: 51.4 years). Leukocyte, neutrophil, and
lymphocyte counts showed a statistically significant association with death, as did NLR and MRL.
Satisfactory accuracy in predicting death was observed for leukocyte, neutrophil, lymphocyte,
NLR, and MLR counts. The hematologic biomarkers studied may be useful for prognosticating
hospitalized patients for the possibility of death from COVID-19.

1. Introduction

COVID-19 is a viral disease caused by SARS-CoV-2, a coronavirus that primarily affects the respiratory system and can lead to
changes in other systems. Since the first cases in the city of Wuhan, China, in December 2019 through July 2022, more than six million
deaths have been reported worldwide, according to the World Health Organization [1]. Most patients (81%) with COVID-19 develop
mild disease that does not lead to pneumonia. However, critical cases with respiratory failure, septic shock, or multiple organ failure
occur in 5% of infected patients. Male patients and patients older than 65 years have a poorer prognosis [2]. Similarly, lethality is twice
as high in individuals with comorbidities such as diabetes mellitus, hypertension, and cardiovascular disease compared with in-
dividuals without these conditions [3].
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The basis of pathophysiological changes in COVID-19 are infiltration of infected tissue by macrophages and the presence of
lymphopenia and neutrophilia in hematological examinations. Innate immunity recognizes viral markers, leading to the production of
interferon with the intention of reducing viral replication and stimulating the action of lymphocytes. At the same time, endothelial
cytokines are released, which increase capillary permeability, resulting in platelet activation, increased coagulation, decreased
fibrinolysis, and increased activation of the complement system [4]. All these processes contribute to the emergence of an immune
thrombotic phase in the development of the disease. Another important aspect is that patients who are exposed to a higher viral load,
elderly, or have comorbidities have fewer T lymphocytes, which serve as biomarkers of infection severity [5].

Changes in the number of one or more blood cells have frequently been reported in patients infected with SARS-CoV-2 [6].
Lymphopenia, which can occur in more than 80% of patients on hospital admission, and an increased neutrophil-to-lymphocyte ratio
(NLR) are important complete blood count findings, especially in severe cases of infection [7,8]. Neutrophils, in turn, are the most
abundant cells of the immune system and account for approximately 50-70% of leukocytes. Neutrophils are involved in the response to
various infections, have homeostatic functions, and play a role in some chronic inflammatory diseases [9]. In COVID-19, the presence
of neutrophils is associated with more severe cases and death [10].

Among the various parameters related to leukocytes in the blood, the NLR and monocyte-to-lymphocyte ratio (MLR) stand out as
being associated with systemic inflammation [11,12]. This relationship was first studied in 1995 in patients with acute appendicitis
[13], and its diagnostic and prognostic significance has since been established [14-16]. Indeed, more than 8000 studies on NLR have
been published in the last five years, highlighting the importance of this biomarker in various inflammatory processes. A change in NLR
can be used to distinguish viral from bacterial infections or to predict the severe development of neoplasms or infections [17,18]. Yan
et al. (2020) conducted a retrospective study in patients with COVID-19 and showed that an elevated NLR on admission can be used as
a prognostic marker. An NLR value above 11.75 had a significant association with mortality [19]. It is noteworthy that hematologic
biomarkers are easy to obtain and inexpensive, and have satisfactory prognostic accuracy in various pathologies [20], including severe
development of COVID-19 [21].

Because of the high lethality of COVID-19, identification of clinical and laboratory markers that have the potential to predict
unfavorable outcome of the disease, especially in vulnerable groups, is critical for healthcare professionals. This aspect is particularly
important for patients who need to be hospitalized, as they are more likely to progress to a more severe case. Knowledge of this risk
allows more efficient allocation of resources available for care, such as the allocation of intensive care beds for patients with a poorer
prognosis. The aim of this study was to analyze the prognostic value of hematologic biomarkers determined at admission for predicting
death in patients hospitalized for COVID-19 from March to August 2020.

2. Patients and methods

This is a retrospective cohort study of patients hospitalized with COVID-19 at two reference hospitals for the treatment of COVID-
19. One is a public hospital (Jilio Miiller University Hospital—HUJM) and the other is a private one (Santa Rosa Hospital—HSR) in the
city of Cuiabd. The selection of patients was based on the records of patients hospitalized for COVID-19 provided by the Hospital
Committee for Infection Control (CCIH) of these hospitals. Patients older than 18 years who were hospitalized from March to August
2020 were eligible for the study. The diagnosis COVID-19 was confirmed by several methods: molecular (RT-PCR), rapid SARS-CoV-2
antigen testing, IgM/IgG antibody testing against SARS-CoV-2, or by combining clinical data and chest CT changes consistent with
respiratory changes caused by this viral infection.

Patient demographic, clinical, laboratory, and developmental data were obtained from medical records and recorded on a standard
form prepared by the research team. Demographic data included age, sex, and skin color. Clinical data included descriptions of
comorbidities in the medical history and the need for ICU transfer or ventilatory support during hospitalization. Medical history of
hypertension, diabetes mellitus, cardiac disease, pulmonary disease, cancer, and obesity were considered as risk factors for severe
COVID-19 [22] and were therefore described during patient characterization. Particular attention was paid to the evolving compli-
cations of each patient and the outcomes of the study, i.e., whether they were discharged from the hospital, or progressed to death.

Although multiple blood tests were performed in all patients during hospitalization, hematologic biomarkers such as total and
differential leukocyte counts were collected only for the date of patient admission as baseline data used for analysis of their value in
diagnosing severe disease progression. NLR and MLR were calculated by simply dividing the values in mm? of blood. Hematological
assays were performed using an automated blood cell counter (Mindray® BC6800, Shenzhen, China at HUJM; and Sysmex XE 2100,
Syxmex® Corporation, Kobe, Japan at HSR).

Descriptive analysis was first performed for all variables of interest to the study. Continuous variables were reported as mean and
standard deviation (SD) and categorical variables as proportions. The Shapiro-Wilk test was performed to test the normality of the
distribution of hematologic parameters and their ratios. To test the hypothesis of equality of these parameters among patients who died
or were discharged, we chose the nonparametric Mann-Whitney test, given the asymmetry of their distributions.

For the hematologic biomarkers that showed a significant association with death from COVID-19, a receiver operating curve (ROC)
was constructed to evaluate the sensitivity, specificity, and accuracy of the parameter in predicting the unfavorable evolution of
COVID-19 in the study patients. The area under the curve (AUC) was calculated to describe the accuracy of each hematologic
biomarker. Higher AUC values indicate a better ability to discriminate between patients who progressed to death. The Youden J index
was calculated to define empirical cutoff points corresponding to sensitivity and specificity values that were less likely to have arisen
by chance [23]. For all analyses, a p-value <0.05 was considered a statistically significant difference. Statistical analyses were per-
formed using Stata version 12.0 software (Stata Corporation, College Station, TX, USA).

The research project was approved by the Ethics and Research Committee of HUJM on September 1, 2020, under CAAE number
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35134820.4.0000.5541 and opinion 4.252.218. The waiver of signing the informed consent form (ICF) was justified with the Ethics
Committee because only secondary data from patients were used in a retrospective analysis of medical records.

3. Results

We included 199 patients who were hospitalized for COVID-19 during the study period and met the inclusion criteria. Of these, 133
(66.8%) were admitted to HSR and 66 (33.2%) to HUJM. Of the total number, 113 were male (56.8%) with a mean age (SD) of 51.4
(18.0) years. Elderly patients accounted for 27.7% of cases. COVID-19 was confirmed in 100 (50.3%) patients by RT-PCR, in two
(1.0%) by rapid antigen testing, in 45 (22.6%) by rapid IgM/IgG antibody testing, and in 52 patients (26.1%) by combining compatible
clinical and imaging data. The mean (SD) duration of hospitalization was 18.8 (15.8) days for patients who died and 20.0 (31.5) days
for those who survived (p = 0.030). Likewise, symptom duration was similar between these two groups of patients (p = 0.481). One or
more preexisting conditions were identified in 61.3% of the admitted patients. Arterial hypertension (40.2%), diabetes mellitus
(22.6%), and obesity (18.6%) were the most common comorbidities, but they were not associated with death in this cohort of patients.
A total of 90.3% of patients required transfer to the intensive care unit and 72.4% to the respiratory care unit Analysis of the outcomes
of the patients studied showed that 162 (81.4%) were discharged from the hospital, 34 (17.1%) died, and 3 (1.5%) remained without
information due to transfer to another health facility (Table 1).

On hospital admission, a high proportion (31.0%) of patients had leukocytosis, with total counts ranging from 1850/mm? to
42,120/mm3 and a mean (SD) of 9193 (5783)/mm3. The mean (SD) neutrophil, monocyte, and lymphocyte counts were 7318 (5512)/
mmg, 582 (432)/mm3, and 1261 (728)/mm3, respectively. Among patients who died, the mean (SD) total leukocyte count was 13,592
(8862)/mm?, significantly higher (p < 0.001) than in discharged patients. The mean (SD) neutrophil count was also higher in the
patients who died (p < 0.001). On the other hand, the lymphocyte count (p = 0.013) was lower in patients who died than in those who
survived. Although the monocyte count was also higher in the group of patients who died, the difference was not statistically sig-
nificant compared to the survivor group (p = 0.066). In the group of patients who died during hospitalization, an increase in NLR and
MRL was observed compared to those who survived to COVID-19. For NLR, the mean value of the group that died was significantly
higher (15.0; SD = 11.9) than that observed in the survivor group (6.44; SD: 6.25; p < 0.001). For TLR, the means (SD) were 0.88 (0.68)
and 0.50 (0.50) in patients who died and were discharged, respectively. This difference was also statistically significant (p < 0.001)
(Table 2).

Table 1
Demographic, clinical, and evolutionary characteristics of patients admitted for COVID-19 in hospitals in the central region of Brazil from March to
August 2020.

Feature n %
Inpatient Hospital HSR 133 66.8
HUJM 66 33.2
Sex Male 113 56.8
Female 86 43.2
Skin color (n = 160) Black 5 3.1
Yellow 10 6.3
White 61 38.1
Brown 84 52.5
Age (years) (n = 195) 1849 97 49.7
50-64 44 22.6
65-79 42 21.5
> 80 12 6.2
Confirmation of COVID-19 RT-PCR 100 50.3
Antigen test 2 1.0
Rapid IgM/IgG test 45 22.6
Compatible clinic/imaging 52 26.1
Comorbidities Hypertension 80 40.2
Diabetes mellitus 45 22.6
Obesity 37 18.6
Cardiopathy 16 8.0
Pneumopathy 13 6.5
Hepatopathy 8 4.0
Chronic kidney disease 7 3.5
Neoplasia 5 2.5
HIV in treatment 2 1.0
Need for intensive care (n = 186) Yes 168 90.3
No 18 9.7
Need for ventilatory support (n = 181) Yes 131 72.4
No 50 27.6
Outcome Hospital Discharge 162 81.4
Death 34 17.1
Transfer 3 1.5

Variation in n refers to the lack of information of some patients for the respective variable.
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The ROC curve constructed from the hematologic parameters studied here showed a high AUC, i.e., more than 65%, to predict
outcome death when the biomarkers were total leukocyte count (0.735), neutrophils (0.757), NLR (0.787), and MRL (0.699) (Fig. 1 - A
to F). For lymphocyte and monocyte counts, the observed AUCs were less than 65%. Empirical cutoff points corresponding to the
highest sensitivity and specificity values of the analyzed hematologic biomarkers are listed in Table 3. Leukocytosis higher than 7190/
mm?, neutrophilia higher than 4833/mm?3, and lymphopenia lower than 590/mm?® were the cutoff points that showed higher sensi-
tivity for predicting death with satisfactory accuracy. NLR higher than 6.13 and MRL higher than 0.73 showed sensitivity and spec-

ificity of 78%/67% and 53%/87%, respectively.
4. Discussion

The results of this study show that several hematologic biomarkers assessed at hospital admission are associated with death in
patients hospitalized for COVID-19 in hospitals in the central region of Brazil, with satisfactory accuracy for predicting death in these
patients. The sociodemographic and clinical profile of the patients analyzed here did not differ from that observed in a large Brazilian
study that examined the general characteristics of the first 250,000 hospitalizations for COVID-19 in Brazil between February and
August 2020. Most patients were over 50 years of age, male, high frequency of co-morbidities, and strongly needed invasive and
noninvasive ventilatory support. In the present study, the frequency of progression to death (17.1%) was lower than in this Brazilian
review (35.0%), even considering only the central region of the country [24]. A likely explanation for this difference was the high
frequency (17.0%) of invasive ventilatory support outside the ICU reported in this review for the central region of Brazil, in contrast to
all patients in this study, whose invasive ventilatory support was performed in the ICU in all patients who required it. The overall
mortality of patients hospitalized for COVID-19 is about 15%, and increases to 29% if the patient requires intensive care, with a higher
risk if the patient is male and over 65 years of age [2]. Lethality rates are also twice as high in people with comorbidities such as
diabetes mellitus, systemic arterial hypertension, and cardiovascular disease compared with people without these conditions [3].

Leukocytosis, neutrophilia, and lymphopenia were laboratory changes observed on admission in the patients analyzed here and
showed an association with the occurrence of death in patients hospitalized for COVID-19. Changes in monocyte and platelet counts
were not relevant in the patients studied. In fact, elevated white blood cell counts occur in patients with COVID-19 and appear to be
related to secondary bacterial infection [25]. Zhou et al. (2020) compared laboratory markers from hospitalized patients who did or
did not survive COVID-19 and concluded that lymphopenia and leukocytosis were factors associated with death. In individuals who
died, laboratory markers such as procalcitonin, C-reactive protein, and interleukin-6 were also elevated, indicating concomitant
bacterial infection [26].

Neutrophils play a central role in the innate immune response against bacteria and fungi. However, an inappropriately enhanced
neutrophil response can lead to multiple organ failure and death in patients with critical illness, including COVID-19 [27,28]. Urra
et al. (2020), in a study of 172 patients, compared neutrophil counts in patients hospitalized for COVID-19 and observed a pre-
dominance of neutrophilia in those requiring intensive care, the progress to death of which is generally more common [29].

Lymphopenia during COVID-19 is present in more than 80% of patients [8]. It occurs between seven and 14 days after the onset of
symptoms and is associated with a worsening of the patient’s clinical condition and an increase in inflammatory mediators. The
decrease in lymphocytes is due to several mechanisms, such as direct viral invasion of lymphocytes via the angiotensin-converting
enzyme 2 receptor (ACE2) located on their surface, interleukin-induced apoptosis of lymphocytes, atrophy of lymphoid organs due
to cytokine storm causing decreased lymphocyte turnover and decreased lymphocyte proliferation due to lactic acidosis. An associ-
ation with death has been described in SARS patients who required treatment in the intensive care unit and in those who died [30].
Lymphocyte levels below 500 cells/mm? are associated with a 12-fold increase in the risk of progression to death [31,32]. Both Band T
lymphocytes are involved in the antiviral adaptive response. Activated B cells produce neutralizing antibodies that can bind to
extracellular viral particles to prevent infection of host cells [33]. Virus-infected cells can be recognized and eliminated by CD8* T
lymphocytes. Therefore, lymphopenia not only impairs the antiviral response but may also make the host more susceptible to an
enhanced inflammatory response [34,35].

In the present study, the NLR was found to be high in patients hospitalized for COVID-19 and statistically higher in those resulting
in death. With a cutoff point of 6.13 at hospital admission, the sensitivity and accuracy of NLR for diagnosing patients at higher risk of

Table 2
Association analysis between hematologic biomarkers and progress to death in patients admitted for COVID-19 in hospitals in the central region of
Brazil from March to August 2020.

Hematologic biomarker Total of patients Mean (SD) Final outcome p*
Death Mean (SD) High Mean (SD)

Total leukocytes (/mm?) 9.193 (5.783) 13.592 (8.862) 8.372 (4.556) <0.001
Neutrophils (/mm®) 7.318 (5.512) 11.770 (8.277) 6.476 (4.290) <0.001
Monocytes (/mm®) 582 (432) 744 (621) 549 (383) 0.066
Lymphocytes (/mm®) 1.261 (728) 1.011 (614) 1.306 (747) 0.013
Neutrophil/lymphocyte ratio 7.81 (8.09) 15.0 (11.9) 6.44 (6.25) <0.001
Monocyte/lymphocyte ratio 0.56 (0.55) 0.88 (0.68) 0.50 (0.50) <0.001

SD: standard deviation.
*Mann-Whitney non-parametric test.
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Fig. 1. ROC curves of the accuracy of different hematologic biomarkers with potential prognostic value of progress to death of patients admitted for
COVID-19 in hospitals in the central region of Brazil from March to August 2020. [A] Leukocyte count; [B] Neutrophil count; [C] Lymphocyte
count; [D] Monocyte count; [E] Neutrophil/lymphocyte ratio; [F] Monocyte/lymphocyte ratio.
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Table 3
Cutoff points of hematologic biomarkers with potential diagnostic value for the occurrence of death in patients admitted with COVID-19 in hospitals
in the central region of Brazil from March to August 2020.

Biomarker Cutoff point J Index (Youden) Sensitivity % Specificity % Accuracy %

Progress to death

Leukocytes/mm?® 7.190 0.407 88.0 53.0 70.0
Neutrophils/mm?® 4.833 0.436 97.0 47.0 72.0
Monocytes/mm? 841 0.295 41.0 89.0 65.0
Lymphocytes/mm?> 590 0.242 93.0 31.0 62.0
Neutrophil/lymphocyte ratio 6.13 0.448 78.0 67.0 72.0
Monocyte/lymphocyte ratio 0.73 0.401 53.0 87.0 70.0

death were satisfactory, i.e., 78.0% and 78.7%, respectively. A similar observation was previously made by Erdogan et al. (2021), who
associated the increase in NLR with more severe and complicated disease patterns [36]. In a study conducted to evaluate the usefulness
of NLR as a prognostic marker at COVID-19, Kulkarni et al. (2021) showed that patients who progressed to death had higher NLR than
patients who survived. Using a cutoff point of 6.6 at admission, they confirmed the diagnostic value of NLR in predicting mortality in
patients with COVID-19, with a sensitivity of 100% and an accuracy of 79.2% [37]. Similar results consistent with these studies were
also reported in 2020 and 2021 b y different authors [38-40]. Considering the studies by Holub et al. (2012) and Naess et al. (2017),
who used NLR to distinguish between viral and bacterial infection, it is plausible that the patients who died in the present study must
have had an accompanying bacterial infection that exacerbated their clinical evolution [17,18].

Although MLR was associated with death in this study, it was not a measure with satisfactory sensitivity and accuracy to predict
patients at higher risk of death. A similar result was reported by Yang et al. (2020), who failed to demonstrate the usefulness of the
lymphocyte/monocyte ratio to predict death in patients with COVID-19 [41].

The present study has some limitations. The selection of patients from only two hospital centers and over a short period, compared
with the long period of the pandemic, may have introduced selection bias in the study. Because this is an analysis of medical records,
the quality of the information collected is always questionable, especially because of the different numbers of patients for the different
parameters evaluated. Therefore, analyses with a larger number of patients, in a longitudinal approach, and with subgroup analyses
should be performed. Despite the lack of novelty, our results confirm similar observations published by different authors [6,19,21,31,
36-41] and suggest that the assessment of these biomarkers at the baseline of hospitalization can predict the severe outcome of pa-
tients with COVID-19.

In conclusion, leukocyte, neutrophil, and lymphocyte counts and NLR at hospital admission have shown satisfactory accuracy and
sensitivity in predicting patients at higher risk of death by COVID-19. These inexpensive and easily obtainable hematologic biomarkers
may be useful in clinical practice for prognostic evaluation of patients hospitalized for COVID-19 in relation to their risk of death.
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