

  jcm-12-01197




jcm-12-01197







J. Clin. Med. 2023, 12(3), 1197; doi:10.3390/jcm12031197




Article



Prognostic Role of Monocyte Distribution Width, CRP, Procalcitonin and Lactate as Sepsis Biomarkers in Critically Ill COVID-19 Patients



Dejana Bajić 1,*, Jovan Matijašević 2,3[image: Orcid], Ljiljana Andrijević 1, Bojan Zarić 2,3[image: Orcid], Mladena Lalić-Popović 4[image: Orcid], Ilija Andrijević 2,3, Nemanja Todorović 4, Andrea Mihajlović 5[image: Orcid], Borislav Tapavički 5[image: Orcid] and Jelena Ostojić 3[image: Orcid]





1



Department of Biochemistry, Faculty of Medicine, University of Novi Sad, Street Hajduk Veljkova 3, 21137 Novi Sad, Serbia






2



Institute for Pulmonary Diseases of Vojvodina, Put Dr Goldmana Street 4, 21204 Sremska Kamenica, Serbia






3



Faculty of Medicine, University of Novi Sad, Street Hajduk Veljkova 3, 21137 Novi Sad, Serbia






4



Department of Pharmacy, Faculty of Medicine, University of Novi Sad, Street Hajduk Veljkova 3, 21137 Novi Sad, Serbia






5



Department of Physiology, Faculty of Medicine, University of Novi Sad, Street Hajduk Veljkova 3, 21137 Novi Sad, Serbia









*



Correspondence: dejana.bajic@mf.uns.ac.rs; Tel.: +381-60-6-330-550







Academic Editor: Edward A. Bittner



Received: 23 December 2022 / Revised: 26 January 2023 / Accepted: 31 January 2023 / Published: 2 February 2023



Abstract

:

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused a global pandemic and one group of patients has developed a severe form of COVID-19 pneumonia with an urgent need for hospitalization and intensive care unit (ICU) admission. The aim of our study was to evaluate the prognostic role of MDW, CRP, procalcitonin (PCT), and lactate in critically ill COVID-19 patients. The primary outcome of interest is the 28 day mortality of ICU patients with confirmed SARS-CoV-2 infection and sepsis (according to Sepsis 3 criteria with acute change in SOFA score ≥ 2 points). Patients were divided into two groups according to survival on the 28th day after admission to the ICU. Every group was divided into two subgroups (women and men). Nonparametric tests (Mann–Whitney) for variables age, PCT, lactate, and MDW were lower than alpha p < 0.05, so there was a significant difference between survived and deceased patients. The Chi-square test confirmed statistically significant higher values of MDW and lactate in the non-survivor group. We found a significant association between MDW, lactate, procalcitonin, and fatal outcome, higher values were reported in the deceased group.
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1. Introduction


The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused a global pandemic health crisis by spreading rapidly across the world [1]. Coronavirus disease (COVID-19) is a highly contagious infectious disease that affects mostly the respiratory system [2]. Initially, the most common symptoms included fever, dyspnea, persistent cough, sore throat, nasal congestion, headache, muscle pain, and fatigue. Despite the fact that, in most cases, the disease has a mild form, one group of patients has developed a severe form of COVID-19 pneumonia with an urgent need for hospitalization and intensive care unit (ICU) admission [3]. Critically ill patients are defined as those with a high risk of imminent death accompanied by vital organ dysfunction [4].



During the COVID-19 pandemic infection, one of the biggest challenges for medical workers in the red COVID zones was critically ill patients prone to developing sepsis and septic shock. The life-threatening condition caused by the inappropriate host response to the infection is still the prevailing cause of morbidity, length of stay, and mortality within the ICU [5]. Intensive Care Units are highly equipped specialized wards established for close 24/7 monitoring of critically ill patients, rapid intervention, and extended treatment modalities. The Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock 2021 brought updated recommendations for sepsis screening programs [6]. Sepsis screening tools are used to improve early recognition of sepsis and they include monitoring of vital parameters and estimation of diverse biomarkers associated with significant progression of infection to sepsis. According to the Sepsis 3 definition, the main criteria for setting a diagnosis of sepsis are suspected/confirmed infection and Sequential/Sepsis-related Organ Failure Assessment Score (SOFA score) of at least 2 points. SOFA core includes monitoring of six parameters PaO2/FiO2, number of platelets, estimation of bilirubin, creatinine, mean arterial pressure (MAP) and needs for dopamine, and Glasgow Coma Scale (GCS) score. Septic shock differs from sepsis due to more severe complications, and by definition, it involves persisting hypotension requiring vasopressors to maintain MAP ≥ 65 mmHg and lactate ≥ 2 mmol/L despite appropriate volume resuscitation. World Health Organization (WHO) has designated the finding of new diagnostic methods and biomarkers for early diagnosis of sepsis as the primary factor in treating sepsis, accompanied by the application of the relevant therapy [7]. Sepsis is a result of a multifaceted imbalance of proinflammatory and anti-inflammatory regulatory factors in an organism. An accurate, correct, and prompt diagnosis of imminent sepsis is a critical step in dealing with such complex conditions. Time is a crucial factor in treating sepsis in order to enable better overall survival. Sepsis itself, as a clinical syndrome, as well as its pathogenesis, have not been fully understood. Due to the presence of the non-specific signs and symptoms of the disease, its early detection and distinction from SIRS (Systematic Inflammatory Response Syndrome) are sometimes unclear [8]. That is why it is essential to set an accurate diagnosis of sepsis without delay by using the appropriate systems of measurement to assess vital parameters and biomarkers. According to the definition, prognostic biomarkers are used to identify the likelihood of a clinical event or disease progression in patients with certain medical conditions of interest [9]. Principally, prognostic biomarkers are key to identifying timely higher-risk populations for poor (fatal) outcomes. It is important to distinguish prognostic and predictive biomarkers (it indicates who will respond to specific therapy). The pinpointing of novel biomarkers applicable for the prediction of disease severity and outcomes is the main focus of research in patients with COVID-19 infection [10]. Preferably, these biomarkers should be easy to detect and useful for addressing clinical needs by clearly identifying whether a disease is presently active. Simple and affordable biomarkers should be obtained from routine laboratory analysis such as complete blood count and basic metabolic panel.



Besides the standard sepsis biomarkers like C-reactive protein (CRP), procalcitonin (PCT), and lactate, most frequently used in diagnostics and monitoring, we also assess a new cytometric parameter Monocyte Distribution Width (MDW). Monocytes represent a subset of white blood cells responsible for multiple activities as a part of the innate immune system [11]. Monocyte/macrophage population is directly involved in the immunopathogenesis of hyperinflammatory disorder in the severe form of COVID-19 [12]. Monocyte Distribution Width (MDW) represents a relatively novel cytometric parameter, automatically calculated along with complete blood count with differential (CBC-Diff) by the last generation of the DxH800 Hematology Analyzer (Beckman Coulter) [13]. It directly reflects the changes in the volume of monocytes affected by proinflammatory signals from the infective microorganisms connected with Pathogen Associated Molecular Patterns (PAMP) [14]. Monocytes, as the components of innate immunity, are involved in the response of the organism in the earliest phases of the infection, and they have multiple roles (phagocytosis, antigen-presenting cells, and the production of proinflammatory cytokine). Monocytes and their younger tissue-form macrophages work as professional phagocytes. Macrophages trigger coagulation and complement cascade. Sepsis is basically caused by immune disbalance due to hyperinflammatory syndrome [15]. The studies have determined that, a few hours prior to the clinical manifestations of sepsis, it is possible to detect the increase of MDW in blood corresponding to the intensity of the following reaction [16]. MDW provides useful information about changes in cellular volume and size of monocytes in peripheral blood associated with the current response to microbiological exposure [17]. Blood monocytes are the temporal phase between the place of production (bone marrow) and the place of action during infection (specific tissue) [18]. Hence, by assessing MDW and monocyte activation it is possible to consider the level and stage of infection. The changes in morphology and size correspond to the functional transformation of the monocytes, which represent the first line of defense against viruses [19]. Laboratory analysis plays a decisive role in the management of sepsis. Timely rapid diagnosis is essential because early treatment of life-threatening conditions can reduce mortality [20]. On the other hand, there are numerous biomarkers significant in practical clinical circumstances [21]. The challenge is to choose the right one for the appropriate purpose. The aim of our study was to evaluate the prognostic role of MDW, CRP, procalcitonin, and lactate in critically ill COVID-19 patients. The primary outcome of interest is the 28-day mortality of ICU patients with confirmed SARS-CoV-2 infection. The study was carried out in order to find out if there is a statistically significant difference between the survivors and deceased patients hospitalized in ICU regarding age and gender as well as to identify the additional influence of gender on the correlation between the different sepsis biomarkers in COVID-19 infection. Our research was focused on the prognostic importance of biomarkers in treating critically ill patients with COVID-19 infection and evaluating the outcome of the treatment.




2. Materials and Methods


We carried out a retrospective observational, single-center study between November 2020 and February 2022 on 160 patients admitted to the Intensive Care Units of the Institute for Pulmonary Diseases of Vojvodina in Sremska Kamenica in Serbia. The inclusion criteria were adult (>18 years) patients hospitalized in ICU, enrolled no more than once, with laboratory-confirmed COVID-19 infection (positive nasal rapid antigen test and reverse transcription polymerase chain reaction (RT-PCR) test conducted on a nasopharyngeal swab according to the WHO guidelines). Sepsis was diagnosed according to Sepsis-3 Criteria (confirmed infection with acute organ dysfunction using SOFA score ≥ 2 points). According to the outcome of the 28th day of hospitalization in the ICU, all patients were divided into two groups (survivors and deceased). The exclusion criteria for the trial were pregnant and breastfeeding women, patients who simultaneously have any malignant disease, AIDS, organ, or bone marrow transplantation, discharged from ICU in less than 4 h). The study was conducted in accordance with the amended Declaration of Helsinki and the International Conference on Harmonization (ICH) Good Clinical Practice (GCP) guidelines. The Ethics Committee of Institute for Pulmonary diseases of Vojvodina (Protocol Code No 9-II/3 on 24 February 2022) and the Ethics Committee of Faculty of Medicine University of Novi Sad approved this research (No 01-39/190/1, date of approval 13 May 2022).



We considered and analyzed all collected data from the patient’s medical records after admission to ICU (clinical symptoms and signs, all laboratory findings, age, gender, comorbidities, past medical history, course of disease during hospitalization, primary outcome—mortality rate at 28 days). Patients discharged alive or transferred prior to 28 days to another ward (with documentation about further treatment) were considered to be alive at 28 days.



According to available data from the medical records for each patient admitted to ICU standard laboratory, testing was performed to estimate the initial cross section of the overall health condition. Baseline assessment includes complete blood count with differential (CBC-Diff) and additional optional parameters for determination of MDW value. The whole human peripheral venous blood was collected routinely in sterile vacutainer tubes containing K2 EDTA (dipotassium ethylenediaminetetraacetic acid) for analysis of CBC and MDW (it is performed by automated hematology analyzer manufacturer Beckman Coulter, DxH 900, Nyon, Switzerland). CRP as a major positive acute phase reactant was diagnosed out of venous blood without anticoagulants by using the quality immunoturbidimetric method on the apparatus Cobas c311, made by Roche diagnostics, Basel, Switzerland. Procalcitonin was ascertained out of the serum using the apparatus Vidas 3 (manufacturer BioMerieux, Marcy-l Etoile, France). The principle of the test was to combine the immune-enzyme sandwich method with the final fluorescent detection (ELFA Enzyme-Linked Fluorescent Assay). Lactate was detected from plasma by using the apparatus Cobas c311 (manufacturer Roche diagnostics, Basel, Switzerland). The concentration of lactate was determined by the colorimetric measurement of the extinction at 660 nm using the commercial manufacturer’s set. All blood samples were taken within the first 24 h after admission to the ICU. These four parameters MDW, CRP, procalcitonin, and lactate were the main biomarkers of interest in the research.



Information about intrahospital 28-day mortality of critically ill patients with confirmed SARS-CoV-2 and sepsis admitted to ICU were regularly noted in medical documentation and so found.



Statistical Analysis


Data were presented as mean and standard deviation for continuous variables (MDW, CRP, PCT, Lactate, age) and frequency (number and percentage%) for categorical variables (gender, outcome). SPSS (IBM SPSS Statistics for Windows, Version 26.0, Chicago, IL, USA) was used for all statistical analyses and tests. The significance level (α level) is set to 0.05 (5%), meaning that p-value < 0.05 is statistically significant and the null hypothesis is rejected. The normality test for all variables was conducted using the Shapiro–Wilk test. Those continuous variables that did not follow a normal distribution were expressed by means of medians and their interquartile range. To access differences between groups (survivors and deceased) for s specific variable, we used the non-parametric Mann–Whitney U test (comparing medians of a quantitative variable for the two categories of a dichotomous qualitative variable, e.g., men-women or survivors-deceased). The Chi-square test was used for multiple comparisons (two-way tables, e.g., women—survived and deceased, men—survived and deceased) for the categorical variables (with certain cut-off values of biomarkers). Cut-off values for MDW, CRP, PCT, and lactate were 26.0 μm, 100 mg/mL, 1 ng/mL, and 2 mmol/L, respectively. For each biomarker, the cut-off value separated the patients into two groups, those who had below and above cut-off values of certain biomarkers. Hence, in further statistical analysis, continuous numerical variables were shown as categorical variables, with 1 if the value of the biomarker was lower than the cut-off value, and 2 if the patient had the value of a biomarker higher than the cut-off. This method also enabled us to determine whether the association between two qualitative variables (men-women and survivors-deceased) is statistically significant. The Chi-square test is an overall test to detect relationships between two categorical variables. If the p value is lower than α level (0.05), the null hypothesis is rejected, so the difference between groups is statistically significant. The Kruskal–Wallis non-parametric test was used to compare three or more groups (continuous quantitative parameters) with one nominal variable. A p value < 0.05 had been considered significant. Relationships between variables were explored graphically (by means of box plots and scatterplots). Spearman rank correlation was done for nonparametric data to measure the degree of association between two variables.





3. Results


After a detailed assessment of all available laboratory data and medical history of COVID-19 patients in the ICU, 160 patients met the criteria for analysis. Exactly 54 patients (33.75% of total cases enrolled in the trial) belonged to the group that survived till the 28th day of hospitalization, among them were 23 women (42.6%) and 31 men (57.4%). The rest of the patients from the research, precisely 106 of them, were deceased (66.25%). Among non-survivors were 27 women (25.47%) and 79 men (74.53%) (Figure 1a,b). The sample size calculations were based on a 95% two-sided confidence interval.



Descriptive statistics of variables MDW, age, CRP, PCT, lactate, and ICU days are described as mean ± standard deviation (SD), minimum and maximum value, and interquartile range (IQR) (Table 1).



Test of normality (Shapiro–Wilk) for all parameters p < 0.05 showed a nonparametric distribution of data. The Chi-square test was used to compare differences between groups (survived and deceased on the 28th day), with cut-off values for MDW 26.0 μm, CRP 100 mg/mL, PCT 1 ng/mL, lactate 2 mmol/L respectively (Table 2).



This test showed that there is a statistically significant difference between survived and deceased patients for MDW. Higher value is noted in the deceased group of patients. For CRP there is no significant difference (p = 0.578), but lactate showed a statistically significant difference (p < 0.006), with higher values in the deceased group. On the other hand, the Chi-square test did not confirm a statistically significant distinction in PCT value (p = 0.08) between survivors and non-survivors for a cut-off value of 1 ng/mL.



The Mann–Whitney U test was used to compare age, PCT, lactate, CRP, MDW, and ICU days, for certain outcomes (survived and deceased at 28 days) and results showed significant difference (alpha p < 0.05). The test showed a significant difference between survivors and non-survivors (p < 0.05) for certain variables age (p = 0.018), MDW (p = 0.008), PCT (p = 0.03), and lactate (p = 0.009) (Table 3). Additionally, length of stay in ICU (p = 0.704, 12.59 ± 12.12 days; min 1 day, max 82 days IQR 9 days) and CRP (p = 0.476) did not show statistically significant differences between groups (Table 3, Figure 2a,b).



Spearman’s correlation coefficient rho (Spearman rank correlation) is a non-parametric test used to measure the strength of association between two variables. The value of a coefficient between 0.4–0.69 means a moderate correlation, but rho between 0.7 and 0.89 represents a strong correlation. There is a moderate correlation between MDW and PCT for p < 0.05 (rho), ICU days and lactate, age and ICU, MDW and CRP, PCT, and CRP (Table 4.). Comparison between survived and deceased in average age, SOFA score, requirements for mechanical ventilation, and onset of shock in first 24 h is presented in Table 5. Receiver Operator Characteristic (ROC) curve analysis of MDW in predicting outcome showed AUC 0.627 (Figure 3).




4. Discussion


The World Health Organization emphasizes that the global annual mortality due to sepsis is around 6 million cases before the COVID-19 pandemic and a majority of them could be prevented with early recognition [22]. Therefore, WHO as an authority put tremendous effort to develop and implement new strategies for sepsis prevention, prompt diagnosis, and management. In present times, advances in the development of new biomarkers and combining existing ones to make effective indices and score systems are a priority [23]. The bridge between diagnostic methods and clinically experienced treatment of challenging diseases involves a good choice of laboratory analysis. SARS-CoV-2’s effortless transmission and transmutable nature caused an unprecedented global health crisis with rapidly increasing needs to cope with limited resources. Circulating monocytes are the first components of immunity to react proportionally to the intensity of the immune stimulus of the virus [24]. The monocytes in blood are the trajectory phase between the location of their creation in the bone marrow and the tissue they impact on [25]. The activation of the monocytes within the immune response is in fact estimated according to MDW, which is the direct measure of the intensity of the infection and an early indicator of the creation of sepsis [26]. This parameter illustrates the readiness of the immune defensive system.



The well-timed detection of the life-threatening condition development is crucial. Each hour of delay at the beginning of the appropriate supportive medical therapy increases the mortality rate successively [6]. It is considered that the first 12 h in the early detection of sepsis and undertaking adequate therapeutic procedures are vital. That is why preliminary sepsis biomarkers like MDW indicate the infection a few hours prior to the strong reaction of the organism, warning medical workers to be alert and react in advance.



CRP is the most frequent marker of inflammation, but its biggest disadvantage is its low specificity due to the fact it is increased in all inflammatory processes, even when they are not caused by the infection [27]. Additionally, it is present in blood after the PAMP stimulus activity ceases. Procalcitonin is the commonest marker indicating sepsis, but its disadvantage is its high specificity, mainly in bacterial infections, while its use is limited by the price of its detection. FDA sepsis biomarker procalcitonin is accepted in practice and used in the assessment of antibiotic therapy de-escalation [28]. Its advantage is the ability to differentiate sepsis from non-infective origin SIRS, limiting relatively the unnecessary overuse and abuse of antibiotics. Furthermore, it contributes toward the decrease in multi-resistant bacteria development. CRP and procalcitonin are of protein structure and are created as the response to inflammation and/or infection [29].



Lactates are indicators of tissue hypoperfusion and are connected to multiorgan dysfunction and hypoxia. Their advantage is a good sensibility and low price of their detection, but their limitation is the increase in all phases of hypoperfusion and the fact that they are not typical to sepsis exclusively. The lactate value of over 2 mmol/L has been one of the criteria for the diagnosis of septic shock since 2016, along with the refractory hypotension of MAP < 65 mmHg, which indicates the use of vasopressor [30]. Within biochemical research, it is usual to monitor the levels of bilirubin and creatinine, bearing in mind they are non-specific parameters not capable of detecting sepsis solely [31]. For that reason, they are used for monitoring sepsis along with other results. There are numerous studies that confirm the connection between increased lactate and negative outcome of the treatment followed by the high mortality rate [32]. Recent studies proved that the hyperinflammatory response induced by SARS-CoV-2 is the main cause of the high mortality rate in infected patients.



Monocytes are known as the primary source of pro-inflammatory secretion biomolecules. In addition, MDW represents a window on the dynamics of monocyte activation status and preceding infection. Consequently, MDW could serve as a useful tool to guide clinical diagnosis and treatment of COVID-19 sepsis [14]. In one study, MDW < 20 has a high negative predictive value to exclude sepsis. This is especially important for clinicians to rule out suspicious diagnoses in unclear situations. In previous studies, MDW was reported to be a good sepsis biomarker alone or in combination with WBC, which enhances the diagnostic performance of diverse SIRS combinations [33].



The advantage of MDW as a parameter compared to the other ones is that it is detected along with the standard blood test results. Therefore, it can be detected by using a hematologic analyzer, because it does not require the additional blood testing of the patient applying the expensive reagents for its detection. Furthermore, it directly depicts the activities of the immune system caused by the infection in the organism exclusively. MDW can measure the change of volume and shape during the activation of monocytes, which makes this biomarker unique and exclusive in comparison to the other protein-based markers. It is specifically useful in the early detection of upcoming danger. Other target cells require several hours to start the production of certain proteins, which can be used as biomarkers. The MDW as a potential sepsis biomarker first was reported in 2017, and it is officially approved by FDA in 2019 [34].



The determination of cut-off values for continuous variables (sepsis biomarkers) in this research (MDW, CRP, PCT, lactate) was based on related literature and clinical experience in dealing with critically ill COVID-19 patients. Critical conditions—a severe form of COVID-19 and cytokine storm caused by high inflammation reaction of the host are followed by MDW values higher than 26.0 μm [35]. The severe disease course of COVID-19 was defined by CRP concentrations higher than 100 mg/mL, the requirement for oxygen therapy, and visible infiltrates on the chest X-ray [36]. Procalcitonin is a biomarker synthesized in all tissues during inflammation and it can be increased in a hyperinflammatory state in the absence of a bacterial pathogen. Due to the correlation between procalcitonin and hyperinflammatory state in critically ill patients, a severe form of COVID-19 infection could use 1 ng/mL as a cut-off value in prognosis [37]. In emergency and critical care medicine, lactate as an indicator of physiological stress and anaerobic metabolism is a useful parameter for the assessment of the severity of illness [38]. Some studies suggest using MDW in combination with white blood cells (WBC) is a better early sepsis indicator than MDW alone [26]. The diagnostic ability of MDW and WBC together was similar to CRP alone but better than PCT alone [26]. However, when MDW is higher than 21.5 μm, the addition of PCT increased the probability of sepsis. Patients with fatal outcomes had higher PCT, CRP, and lactate values than those that survived [27,28,29,37,38]. Results from our study imply that the estimation of MDW at admission in the first 24 h can easily detect patients with a higher risk of fatal outcomes. A limitation of this study is the relatively small sample size. In prospective new research, a larger series of patients should be considered to make appropriate conclusions.




5. Conclusions


Biomarkers can be useful for clinicians in the recognition and management of critically ill patients with COVID-19. Older age is associated with a greater risk of developing sepsis and a higher mortality rate. Delayed recognition of sepsis and treatment can lead to worse outcomes. MDW shows a significant correlation with inflammatory markers, and it could be used as an early indicator of sepsis. We found a significant association between MDW and final outcome, higher values are reported in the deceased group. It allows simple and fast monitoring of patients with COVID-19 infections and could be implemented in routine assessment.







Author Contributions


Conceptualization, D.B. and J.M.; methodology B.Z. and L.A.; software N.T.; formal analysis M.L.-P.; investigation, J.M., I.A., and D.B.; resources I.A., A.M., B.T. and J.O.; data curation M.L.-P.; writing—original draft preparation, D.B.; writing—review and editing B.Z., J.M., A.M., B.T. and M.L.-P.; visualization N.T. and D.B.; supervision, L.A. and J.O.; project administration L.A., I.A., A.M., B.T. and J.O. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Project of the Ministry of Education, Science and Technological Development, Provincial Secretariat for Higher Education and Scientific Research, Autonomous Province of Vojvodina, Republic of Serbia (142-451-3176/2022-01).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board and Ethics Committee of the Institute for Pulmonary Disease of Vojvodina (Protocol Code No 9-II/3 on 24 February 2022) and Ethics Committee of Faculty of Medicine University of Novi Sad (No 01-39/190/1, date of approval 13 May 2022).




Informed Consent Statement


Patient consent was waived due to specific situation with pandemia and non-survivors, but Ethics Committee of the Institute for Pulmonary Disease of Vojvodina and Ethics Committee of Faculty of Medicine University of Novi Sad approved research.




Data Availability Statement


Data are unavailable due to privacy and ethical restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Silva Ramos, F.J.; Freitas, F.G.; Machado, F.R. Sepsis in patients hospitalized with coronavirus disease 2019: How often and how severe? Curr. Opin. Crit. Care 2021, 27, 474–479. [Google Scholar] [CrossRef] [PubMed]

	



Serafim, R.B.; Povoa, P.; Souya Dantas, V.; Kalil, A.; Salluh, J. Clinical course and outcomes of critically ill patients with COVID-19 infection: A Systematic Review. Clin. Microbiol. Infect. 2021, 27, 47–54. [Google Scholar] [CrossRef]

	



Wu, C.; Chen, X.; Cai, Y.; Xia, J.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk Factors Associated With Acute Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern. Med. 2020, 180, 934–943. [Google Scholar] [CrossRef]

	



Kayambankadzanja, R.K.; Schell, C.O.; Wärnberg, M.G.; Tamras, T.; Mollazadegan, H.; Holmberg, M.; Alvesson, H.M.; Baker, T. Towards definitions of critical illness and critical care using concept analysis. BMJ Open 2022, 12, e060972. [Google Scholar] [CrossRef]

	



Gul, F.; Arslantas, M.K.; Cinel, I.; Kumar, A. Changing Definitions of Sepsis. Turk. J. Anaesthesiol. Reanim. 2017, 45, 129–138. [Google Scholar] [CrossRef]

	



Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; Mcintyre, L.; Ostermann, M.; Prescott, H.C.; et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock 2021. Crit. Care Med. 2021, 49, 1063–1143. [Google Scholar] [CrossRef] [PubMed]

	



Jarczak, D.; Kluge, S.; Nierhaus, A. Sepsis- Patophysiology and Therapeutic Concepts. Front. Med. 2021, 8, 628302. [Google Scholar] [CrossRef] [PubMed]

	



Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.; Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315, 801–810. [Google Scholar] [CrossRef] [PubMed]

	



Califf, R.M. Biomarker definitions and their applications. Exp. Biol. Med. 2018, 243, 213–221. [Google Scholar] [CrossRef]

	



Zinellu, A.; Mangoni, A. Red Blood Cell Distribution Width, Disease Severity, and Mortality in Hospitalized Patients with SARS-CoV-2 Infection: A Systematic Review and Meta-Analysis. J. Clin. Med. 2021, 10, 286. [Google Scholar] [CrossRef]

	



Pollili, E.; Frattari, A.; Esposito, J.E.; Stanziale, A.; Giurdanella, G.; Iorio, G. Monocyte distribution width (MDW) as a new tool for the prediction of sepsis in critically ill patients: A preliminary investigation in an intensive care unit. BMC Emerg. Med. 2021, 21, 147. [Google Scholar] [CrossRef] [PubMed]

	



Lorubbio, M.; Tacconi, D.; Iannelli, G.; Feri, M.; Scala, R.; Montemerani, S.; Mandò, M.; Ognibene, A. The role of Monocyte Distribution Width (MDW) in the prognosis and monitoring of COVID-19 patients. Clin. Biochem. 2022, 103, 29–31. [Google Scholar] [CrossRef] [PubMed]

	



Piva, E.; Zuin, J.; Pelloso, M.; Tosato, F.; Fogar, P.; Plebani, M. Monocyte distribution width (MDW) parameter as a sepsis indicator in intensive care units. Clin. Chem. Lab. Med. 2021, 59, 1307–1314. [Google Scholar] [CrossRef] [PubMed]

	



Martinez, F.O.; Combes, T.W.; Orsenigo, F.; Gordon, S. Monocyte activation in systemic Covid-19 infection: Assay and rationale. Ebiomedicine 2020, 59, 102964. [Google Scholar] [CrossRef]

	



Fan, S.-L.; Miller, N.S.; Lee, J.; Remick, D.G. Diagnosing sepsis—The role of laboratory medicine. Clin. Chim. Acta 2016, 460, 203–210. [Google Scholar] [CrossRef]

	



Merad, M.; Martin, J. Pathological inflammation in patients with COVID-19: A key role for monocytes and macrophages. Nat. Rev. Immunol. 2020, 20, 355–362. [Google Scholar] [CrossRef]

	



Lippi, G.; Sanchis-Gomar, F.; Henry, B. Pooled analysis of monocyte distribution width in subjects with SARS-CoV-2 infection. Int. J. Lab. Hematolog. 2021, 43, 161–163. [Google Scholar] [CrossRef]

	



Alsuwaidi, L.; Heialy, S.; Shaikh, N.; Al Najjar, F.; Seliem, R.; Hachim, M. Monocyte distribution width as a novel sepsis indicator in COVID-19 patients. BMC Infect. Dis. 2022, 22, 27. [Google Scholar] [CrossRef]

	



Urrechaga, E.; Boveda, O.; Aguirre, U. Role of leucocytes cell population data in the early detection of sepsis. J. Clin. Pathol. 2017, 71, 259–266. [Google Scholar] [CrossRef] [PubMed]

	



Urrechaga, E. Reviewing the value of leucocytes cell population data in the management of sepsis. Ann. Transl. Med. 2020, 8, 953. [Google Scholar] [CrossRef]

	



Ceci, F.M.; Fiore, M.; Gavaruzzi, F.; Angeloni, A.; Lucarelli, M.; Scagnolari, C.; Bonci, E.; Gabanella, F.; Di Certo, M.G.; Barbato, C.; et al. Early routine biomarkers of SARS-CoV-2 morbidity and mortality: Outcomes from an emergency section. Diagnostics 2022, 12, 176. [Google Scholar] [CrossRef] [PubMed]

	



Teggert, A.; Datta, H.; Ali, Z. Biomarkers for Point-of-Care Diagnosing of Sepsis. Micromachines 2020, 11, 286. [Google Scholar] [CrossRef]

	



Villard, O.; Morquin, D.; Molinari, N.; Raingeard, I.; Nagot, N.; Cristol, J.-P.; Jung, B.; Roubille, C.; Foulongne, V.; Fesler, P.; et al. The Plasmatic Aldosterone and C-Reactive Protein Levels, and the Severity of Covid-19: The Dyhor-19 Study. J. Clin. Med. 2020, 9, 2315. [Google Scholar] [CrossRef]

	



Kubiak, J.Z.; Kloc, M. Recent Progress in Research on COVID-19 Pathophysiology: Biomarkers, Repurposed Drugs, Viral Invasiveness, SARS-CoV-2 Genetic Diversity, the Crystal Structure of Viral Proteins, and the Molecular and Cellular Outcomes of COVID-19. Int. J. Mol. Sci. 2022, 23, 14194. [Google Scholar] [CrossRef]

	



Ognibene, A.; Lorubbio, M.; Magliocca, P.; Tripodo, E.; Vaggelli, G.; Iannelli, G.; Feri, M.; Scala, R.; Tartaglia, A.P.; Galano, A.; et al. Elevated monocyte distribution width in COVID-19 patients: The contribution of the novel sepsis indicator. Clin. Chim. Acta 2020, 509, 22–24. [Google Scholar] [CrossRef] [PubMed]

	



Hausfater, P.; Robert Boter, N.; Morales Indiano, C.; Cancella de Abreu, M.; Marin, A.M.; Pernet, J.; Quesada, D.; Castro, I.; Careaga, D.; Arock, M.; et al. Monocyte distribution width performance as an early sepsis indicator in the emergency department: Comparison with CRP and procalcitonin in a multicenter international European prospective study. Crit. Care 2021, 25, 277. [Google Scholar] [CrossRef]

	



Borobia, A.M.; Carcas, A.J.; Arnalich, F.; Álvarez-Sala, R.; Monserrat-Villatoro, J.; Quintana, M.; Figueira, J.C.; Torres Santos-Olmo, R.M.; García-Rodríguez, J.; Martín-Vega, A.; et al. A Cohort of Patients with COVID-19 in a Major Teaching Hospital in Europe. J. Clin. Med. 2020, 9, 1733. [Google Scholar] [CrossRef] [PubMed]

	



Cecconi, M.; Piovani, D.; Brunetta, E.; Aghemo, A.; Greco, M.; Ciccarelli, M.; Angelini, C.; Voza, A.; Omodei, P.; Vespa, E.; et al. Early Predictors of Clinical Deterioration in a Cohort of 239 Patients Hospitalized for Covid-19 Infection in Lombardy, Italy. J. Clin. Med. 2020, 9, 1548. [Google Scholar] [CrossRef]

	



Kudlinski, B.; Zgoła, D.; Stolińska, M.; Murkos, M.; Kania, J.; Nowak, P.; Noga, A.; Wojciech, M.; Zaborniak, G.; Zembron-Lacny, A. Systemic Inflammatory Predictors of In-Hospital Mortality in COVID-19 Patients: A Retrospective Study. Diagnostics 2022, 12, 859. [Google Scholar] [CrossRef]

	



Levy, M.M.; Evans, L.; Rhodes, A. The Surviving Sepsis Campaign Bundle: 2018 Update. Crit. Care Med. 2018, 46, 997–1000. [Google Scholar] [CrossRef]

	



Hu Tianyabg Lv Huajie Jiang, Y. The association between four scoring systems and 30-day mortality among intensive care patients with sepsis: A cohort study. Nature 2021, 11, 11214. [Google Scholar]

	



Parasher, A. Covid 19: Current understanding of its Pathophysiology, Clinical presentation and treatment. Postgrad. Med. J. 2021, 97, 312–320. [Google Scholar] [CrossRef]

	



Crouser, E.; Parrillo, J.; Martin, G.; Huang, D.; Hausfater, P.; Grigorov, I. Monocyte distribution width enhances early sepsis detection in the emergency department beyond SIRS and qSOFA. J. Intensive Care 2020, 8, 33. [Google Scholar] [CrossRef] [PubMed]

	



Riva, G.; Castellano, S.; Nasillo, V.; Ottomano, A.M.; Bergonzini, G.; Paolini, A. Monocyte Distribution Width as novel inflammatory marker with prognostic significance in Covid-19 patients. Nature 2021, 11, 12716. [Google Scholar] [CrossRef] [PubMed]

	



Riva, G.; Nasillo, V.; Luppi, M.; Tagliafico, E.; Trenti, T. Linking COVID-19, monocyte activation and sepsis: MDW, a novel biomarker from cytometry. Lancet 2022, 75, 103754. [Google Scholar] [CrossRef] [PubMed]

	



Esposito, F.; Matthes, H.; Schad, F. Seven COVID-19 patients treated with C-Reactive protein (CRP) apheresis. J. Clin. Med. 2022, 11, 1956. [Google Scholar] [CrossRef] [PubMed]

	



Tong-Minh, K.; van der Does, Y.; Engelen, S.; de Jong, E.; Ramakers, C.; Gommers, D.; van Gorp, E.; Endeman, H. High procalcitonin levels associated with increased intensive care unit admission and mortality in patients with a COVID-19 infection in the emergency department. BMC Infect. Dis. 2022, 22, 165. [Google Scholar] [CrossRef] [PubMed]

	



Bruno, R.R.; Wernly, B.; Flaatten, H.; Fjolner, J.; Artigas, A.; Pinto, B.B. Lactate is associated with mortality in very old intensive care patients suffering from COVID-19: Results from an international observational study of 2860 patients. Ann. Intensive Care 2021, 11, 128. [Google Scholar]








[image: Jcm 12 01197 g001 550] 





Figure 1. Pie charts showing percentage distribution of gender in group of (a) non-survivors and (b) survivors. 
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Figure 2. Box plots of (a) MDW (µm) and (b) CRP (mg/mL) in non-survivors and survivors group. 
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Figure 3. ROC analysis of MDW, AUC 0.627, blue line represent our data, green line represent uniformative test. 






Figure 3. ROC analysis of MDW, AUC 0.627, blue line represent our data, green line represent uniformative test.



[image: Jcm 12 01197 g003]







[image: Table] 





Table 1. Mann–Whitney U test was performed for group comparison (deceased and survived) and obtained p values are presented in the table. Descriptive statistics for selected variables (MDW, age, CRP, PCT, lactate, and ICU days) in certain groups are expressed as mean, standard deviation, minimum and maximum values, and interquartile range.
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p Value

	
Mean

	
SD

	
Min

	
Max

	
IQR






	
MDW

	
deceased

	
0.008

	
28.72

	
4.83

	
17.82

	
42.98

	
5.82




	

	
survivors

	
26.46

	
3.78

	
18.13

	
35.63

	
5.47




	
Age

	
deceased

	
0.018

	
63.16

	
12.35

	
26

	
84

	
14




	

	
survived

	
56.87

	
14.93

	
22

	
77

	
24.75




	
CRP

	
deceased

	
0.476

	
148.47

	
103.8

	
0.4

	
419.6

	
147.1




	

	
survivors

	
132.46

	
80.6

	
0.5

	
320.7

	
136.05




	
PCT

	
deceased

	
0.03

	
2.12

	
6.7

	
0

	
61.44

	
1.04




	

	
survivors

	
1.17

	
4.51

	
0.05

	
32.95

	
0.7




	
Lactate

	
deceased

	
0.009

	
3.13

	
2.9

	
1.02

	
19.75

	
1.36




	

	
survivors

	
2.38

	
1.84

	
0.84

	
10.89

	
1.19




	
ICU days

	
deceased

	
0.704

	
11.92

	
11.23

	
1

	
82

	
12




	

	
survivors

	
14.43

	
13.8

	
1

	
50

	
14.5
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Table 2. Chi-square test for MDW, CRP, PCT, and lactate.
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	Biomarker
	MDW
	CRP
	PCT
	Lactate





	Cut-off value
	20 μm
	100 mg/mL
	1 ng/mL
	2 mmol/L



	p value, Chi-square test
	0.023
	0.578
	0.08
	0.006
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Table 3. Man–Whitney U test.
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	Biomarker
	Age
	MDW
	CRP
	PCT
	Lactate
	ICU Days





	p value
	0.018
	0.008
	0.476
	0.03
	0.009
	0.704
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Table 4. Correlation between variables, * for p < 0.05; ** for p < 0.01.
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MDW

	
CRP

	
PCT

	
Lactate

	
ICU Days

	
Age






	
MDW

	
Correlation coefficient (r)

	
1.000

	
0.351 **

	
0.182 *

	
0.078

	
0.144

	
0.078




	

	
Significance (p)

	
-

	
0.000

	
0.021

	
0.327

	
0.069

	
0.323




	
CRP

	
r

	
0.351 **

	
1.000

	
0.423 **

	
0.053

	
0.083

	
0.068




	

	
p

	
0.000

	
-

	
0.000

	
0.499

	
0.292

	
0.391




	
PCT

	
r

	
0.182 *

	
0.423 **

	
1.000

	
0.087

	
0.060

	
0.017




	

	
p

	
0.021

	
0.000

	
-

	
0.273

	
0.447

	
0.832




	
Lactate

	
r

	
0.078

	
0.053

	
0.087

	
1.000

	
0.167

	
0.207 **




	

	
p

	
0.327

	
0.499

	
0.273

	
-

	
0.033

	
0.008




	
ICU days

	
r

	
0.144

	
0.083

	
0.060

	
0.167

	
1.000

	
0.306 **




	

	
p

	
0.069

	
0.292

	
0.447

	
0.033

	
-

	
0.000




	
Age

	
r

	
0.078

	
0.068

	
0.017

	
0.207 **

	
0.306 **

	
1.000




	

	
p

	
0.323

	
0.391

	
0.832

	
0.008

	
0.000

	
-
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Table 5. Comparison between survived and deceased in average age, SOFA score, requirements for me-chanical ventilation, and onset of shock in first 24 h.
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	Patients (Percentage)
	Female
	Male
	Age (Mean)
	SOFA Score (Mean)
	Requirements for Mechanical Ventilation
	Onset of Shock in First 24 h





	Survived
	54 (33.75%)
	42.6%
	57.4%
	56.87
	4.76
	64.3%
	14.3%



	Deceased
	106 (66.25%)
	25.47%
	74.56%
	63.16
	6.65
	92.75%
	29%
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