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Abstract

:

Long COVID-19 or post-COVID infection (PCI) refers to the prolongation of symptoms in people who have been infected with the SARS-CoV-2 virus. Some meta-analysis studies have shown that patients with comorbidities, such as diabetes, obesity or hypertension, have severe complications after infection with the SARS-CoV-2 virus. The presence of chronic respiratory diseases such as bronchial asthma, COPD, pulmonary hypertension or cystic fibrosis increases the risk of developing severe forms of the COVID-19 disease. The risk of developing the severe form of COVID-19 was observed in patients with bronchial asthma being treated with corticosteroids, but also in those hospitalized with severe asthma. The biological variables determined in patients with PCI infection showed changes, especially in the hematological parameters, but also in some inflammatory markers. The aim of this study was to investigate some biological predictors in post-COVID-19 infection in patients with asthma and various comorbidities. In the case of patients diagnosed with moderate and severe forms of COVID-19, the variation in biological tests has shown high concentrations for serum glucose, lactate dehydrogenase and C-reactive protein. Additionally, the calculation of the relative risk (RR) based on the associated comorbidities in patients with PCI points to higher values for patients with asthma, hypertension, diabetes and obesity (RR moderate/severe form = 0.98/1.52), compared to patients with PCI and asthma (RR moderate/severe form = 0.36/0.63). Based on the statistical results, it can be concluded that the alanine aminotransferase (ALT) activity (p = 0.006) and the age of patients (p = 0.001) are the variables that contribute the most to the separation of the four classes of comorbidities considered.
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1. Introduction


The National Institute for Health and Care Excellence (NICE) has defined “post-COVID-19” syndrome as the “signs and symptoms that develop during/after a SARS-CoV-2 infection which persist for more than 12 weeks and cannot be explained by any other diagnosis” [1]. It has been observed that these persistent symptoms may be due to the presence of inflammation, prolonged ventilation, social isolation, non-specific effects of hospitalization, and the presence of comorbidities [2,3]. The risk of reinfection is a major topic of debate regarding the COVID-19 pandemic. Many studies have established a connection between the presence of comorbidities and the incidence of post-COVID-19 infection. Furthermore, recent studies reported that the presence of comorbidities is associated with the severity of the COVID-19 infection; the most common comorbidities include diabetes, cardiovascular diseases, hypertension, cancer, oxidative stress, kidney disorders, and vitamin deficiencies [4,5]. Coexisting respiratory diseases such as asthma, chronic obstructive pulmonary disease (COPD), pulmonary hypertension, or cystic fibrosis increase the risks of severe COVID-19 [6]. According to the recent update from the Global Initiative for Asthma (GINA), asthma is a heterogeneous disease typically characterized by chronic airway inflammation. Asthma is defined as a chronic disease characterized by symptoms such as wheezing, shortness of breath, dyspnea and cough, along with reduced expiratory airflow [7]. A recent update of the GINA and COVID-19 guidelines concluded that, based on current evidence, individuals with well-controlled mild to moderate bronchial asthma do not have an increased risk of developing COVID-19. They also have a lower risk of developing severe forms of COVID-19 [8]. The risk of developing severe COVID-19 or the risk of death from SARS-CoV-2 infection has been observed, especially in individuals with asthma who are on oral corticosteroid treatment and those hospitalized for severe asthma [8]. Studies have also shown that patients with asthma have an increased risk of exacerbations after being infected with respiratory viruses, such as the flu virus, parainfluenza virus and SARS-CoV-2 [9].



It was observed that patients who had a severe form of COVID-19 or experienced complications during the infection required monitoring even after testing negative for SARS-CoV-2 by RT-PCR. Evaluating the specific biomarkers for heart, kidney, liver, lung, diabetes, inflammation, and other infections is mandatory if the patient experiences persistent symptoms at 12 weeks or even 6 months after the infection [10]. Biomarkers associated with post-COVID-19 infectious syndrome may include elevated C-reactive protein (CRP) levels and serum ferritin, which are often correlated with disease severity and prognosis [11]. Meta-analysis studies have shown that elevated CRP levels are directly related to inflammation and disease severity, indicating the development of lung lesions in the early stages of the disease [12]. Therefore, CRP is considered the most effective and sensitive biomarker for predicting the progression of COVID-19. It has been observed that coagulation tests are usually within normal limits, but D-dimer values are elevated [13]. Hematological values in patients with post-COVID-19 infectious syndrome are typically characterized by changes in the number of lymphocytes, neutrophils, leukocytes, and platelets. Leukocytosis, especially neutrophilia, represents another modification induced by SARS-CoV-2 infection and has been observed in a large number of patients diagnosed with COVID-19 [14,15,16]. Lymphopenia is common and occurs in approximately 80% of patients. Thrombocytopenia (a low platelet count) is usually mild (platelets are rarely < 100). In severe cases, severe thrombocytopenia can be a poor prognostic sign of the disease [17].



This study aims to evaluate the epidemiological and clinical risk factors associated with developing post-COVID-19 infection (PCI) among patients with asthma. Therefore, the main risk factors evaluated were the clinical comorbidities associated with patients diagnosed with asthma during the pandemic who subsequently became reinfected and were diagnosed with PCI.




2. Materials and Methods


In the present study, a group of 37 Caucasian patients diagnosed with bronchial asthma and multiple comorbidities were selected, and they experienced later a reinfection with the SARS-CoV-2 virus. This work represents a retrospective observational study that includes patients with asthma who were diagnosed with post-COVID-19 infection (PCI) approximately 3–6 months after their initial infection.



The patients included in this research were investigated throughout their hospitalization at the Clinical Hospital of Pulmonary Diseases in Iasi, Romania; a hospital serving as a regional reference center for respiratory disorders in the North-East (Moldova) region of the country. We identified patients with asthma developing moderate and severe forms of COVID-19 in 2020 and who later who experienced reinfection with the SARS-CoV-2 virus within a period of 30–180 days.



The study included patients diagnosed with bronchial asthma (BA) and other comorbidities, including hypertension (H), diabetes mellitus (DM), obesity (Ob), chronic renal failure, and prostate adenoma. Exclusion criteria were: patients under the age of 18, patients diagnosed with chronic obstructive pulmonary disease (COPD) or cystic fibrosis, and pregnant women.



The clinical and demographic characteristics of the investigated patients are presented in Table 1. The demographic data refer to age, gender, residential area (urban/rural), and smoking history (Table 1). Laboratory investigations were extracted from the hospital’s electronic system. Laboratory assessments included biochemical parameters (ALT-alanine aminotransferase, AST-aspartate aminotransferase, urea, creatinine, glucose, lactate dehydrogenase (LDH), C-reactive protein (CRP)), and complete blood counts (CBC). The laboratory markers were monitored based on comorbidities in patients with asthma who had a history of moderate/severe COVID-19 and were diagnosed with post-COVID-19 infection 30–180 days after their initial infection.



2.1. The Determination of Biochemical Parameters


The quantification of biochemical parameters was carried out using the automated analyzer Cobas Integra 400 plus (Roche Diagnostic, Indianapolis, IN, USA). All tests were examined in the biochemistry laboratory, and quality assurance procedures, including internal quality control and external quality control, complied with the rules.




2.2. The Determination of Hematological Parameters


The quantification of hematological parameters in patients diagnosed with COVID-19 was performed using flow cytometry with the automated analyzer from Sysmex (Sysmex Corporation, Japan). A complete blood count (CBC) was conducted, and the following hematological parameters were evaluated in the present study: white blood cells (WBC), red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), platelets (PLT), lymphocytes (L), monocytes (M), eosinophils (EO) and neutrophils (N).




2.3. The Statistical Analysis


Descriptive statistics for paraclinical variables are expressed in terms of means, standard deviations, minimum, and maximum values. Statistical differences between the investigated groups, patients with moderate COVID-19 versus patients with severe COVID-19, were determined using the non-parametric Mann–Whitney U test. Non-parametric tests (Spearman) were used to identify possible correlations between the biochemical and hematological markers of the subjects under investigation. To evaluate the risk factors associated with disease severity, multivariable logistic regression analysis was applied using Statistica10. The relative risk (RR) was calculated based on the investigated comorbidities. Discriminant analysis was used to monitor the profile of the biochemical parameters in SARS-CoV-2 infection, with the goal of differentiating patients with post-COVID-19 infection and various associated comorbidities based on the investigated biological variables.




2.4. Ethics Consideration


The study was approved by the ethics committee of the Clinical Hospital of Pulmonary Diseases, Iasi, Romania (ethical approval No. 96/16.03.2023) and by the ethics committee of the University of Medicine and Pharmacy “Grigore T. Popa” Iasi, Romania (ethical approval No. 319/30.05.2023).





3. Results


A total of 37 patients diagnosed with asthma and multiple comorbidities were investigated at the Clinical Hospital of Pulmonary Diseases Iasi between 2020 and 2021. After the initial infection with the SARS-CoV-2 virus, the patients returned to the medical institution between 30 and 180 days later, when they were examined and diagnosed with post-COVID-19 syndrome. The demographic and clinical data of the investigated patients are presented in Table 1.



Patients with asthma and severe COVID-19 presented multiple comorbidities, such as hypertension (n = 12), diabetes (n = 6), and obesity (n = 4). They also had a longer duration of hospitalization, approximately 7.26 ± 5.85 days (Table 1). In the case of moderate COVID-19, there were 19% male and 81% female patients. The severe COVID-19 form was represented by 63% male and 37% female patients. Numerous studies have investigated gender as a risk factor in post-COVID-19 infection and have observed that older women with higher body weight are more susceptible to infection than men [18].



Among patients with asthma who developed a moderate form of COVID-19 during the pandemic, there was a prevalence of hypertension (n = 14), diabetes (n = 3), and obesity (n = 3). Other comorbidities present among the investigated patients included chronic kidney disease and chronic liver disease.



To control asthma symptoms and improve their breathing capacity, patients diagnosed with post-COVID-19 infection were recommended oral corticosteroids by the physician. The corticosteroids used included beclomethasone, fluticasone, budesonide, and mometasone, administered in doses corresponding to the severity stage of asthma. Upon admission, significant changes in laboratory analyses were observed, particularly in the case of CRP, LDH, white blood cell count, neutrophil count, and lymphocyte count (Table 2).



The results of the descriptive statistics for the biochemical parameters in patients diagnosed with COVID-19 revealed values above the reference range for AST and ALT, in the cases of both moderate and severe forms. For the severe form, the average concentrations of ALT were found to be 44.43 U/L, with some patients even reaching values as high as 281.7 U/L (Table 2). The results of the statistical analysis generated for non-parametric tests indicated that the investigated data were not normally distributed (p < 0.05), and the Spearman correlation coefficients showed statistical significance (r = 0.4–0.89) between the investigated clinical parameters and the associated pathologies (Figure 1 and Figure 2).



The distribution of the values for the investigated clinical variables was represented using Quantile–Quantile (Q-Q) plots. Q-Q plots generated in Statistica10 show the dispersion of observed values compared to expected values, and significant variations were observed, especially for CRP, LDH, serum glucose, white blood cells, ALT, and AST (Supplementary Materials, Figures S1 and S2).



Serum creatinine showed higher values, especially in patients with severe COVID-19, with maximum values recorded at 1.55 mg/dL. In the case of patients diagnosed with moderate and severe forms of COVID-19, the variation in biological tests showed high concentrations for serum glucose, LDH, and CRP. The variability in the concentrations of the biochemical parameters in the case of moderate and severe forms of COVID-19 in the patients included in the study is presented in Table 2.



In the present study, the statistical significance of the difference between patients with severe and moderate COVID-19 was evaluated using the Mann–Whitney U test. Significant statistical differences were observed in the following biochemical parameters: LDH (p = 0.007), CRP (p = 0.005), and the concentration of corticosteroids administered to patients (p = 0.011) (Table 3). Analyzing the serum LDH concentrations based on associated comorbidities, high values were observed in patients with asthma (average concentration of 276.64 U/L) and in patients with asthma and hypertension (average concentration of 265.85 U/L) (Table 4).



The CRP values differentiated between patients with asthma (average concentration of 59.66 mg/L) and those with asthma, hypertension, and obesity (43.66 mg/L) are described in Table 4. Additionally, the calculation of the relative risk (RR) based on associated comorbidities in patients with PCI highlighted higher values for patients with asthma, hypertension, diabetes, and obesity (RR moderate/severe form = 0.98/1.52) compared to patients with PCI and asthma (RR moderate/severe form = 0.36/0.63). Recent studies have shown that patients with multiple comorbidities (diabetes, obesity, hypertension, chronic kidney diseases) develop various clinical manifestations in PCI infection [4].



Since the beginning of the COVID-19 pandemic, an increasing number of studies have focused on the relationship between laboratory parameters and the severity of diagnosis in SARS-CoV-2 infection [19]. Thus, the goal has been to identify the biochemical and hematological variables that differentiate mild forms of COVID-19 from moderate and severe forms. Table 5 presents the results regarding the selection of the most important statistical variables. These results show that of the 17 parameters analyzed, only 5 were retained as representative for the model, meaning they significantly contribute to the separation of the proposed study classes, specifically patients with BA, patients with AB, H, DM, patients with AB, H, patients with AB, H, OB.



The statistical results for the classification functions (Root 1 and Root 2) corresponding to the four considered classes are presented below. The standardized coefficients for each variable retained in the model and for each discriminant function are shown in Table 5. Figure 3 contains the classes and their relationships by representing the individual scores of the investigated subjects along the main discriminant functions.



Risk factors, especially comorbidities, have been extensively investigated in SARS-CoV-2 infection, and it has been observed that 37% of subjects diagnosed with PCI have diabetes mellitus. Therefore, the blood glucose values were evaluated in patients with asthma and PCI. Descriptive statistics results highlighted average serum glucose concentration values of 140.97 mg/dL for patients with post-COVID-19 infection and comorbidities (asthma, hypertension, diabetes, obesity), 139.7 mg/dL for patients with asthma, hypertension, and obesity, and 128.7 mg/dL for patients with asthma, hypertension, and diabetes (Table 4, Figure 4a). The linear regression model applied to the dataset shows a positive correlation of blood serum glucose and the number of hospitalization days (p < 0.05, r = 0.42) in patients with asthma and multiple comorbidities Figure 4b.



Numerous tests and statistical interpretations were conducted to assess the risk of patients with diabetes and severe COVID-19. Survival data are often represented graphically through survival curves, with the Kaplan–Meier method being the most commonly used. In the current study, a survival curve was created for patients with asthma and PCI, as well as those with multiple comorbidities (hypertension, diabetes, obesity), taking into account the hospitalization period. Figure 5 represents the survival curve for patients diagnosed with PCI, but with a history of asthma and multiple comorbidities.




4. Discussion


The patients included in the study had an age range of 28–85 years and came from both urban (19) and rural (18) areas in the Iasi County, as well as from various locations in the Moldova region. The patients were diagnosed with the SARS-CoV-2 infection based on PCR testing, chest X-ray, and laboratory tests. This study primarily aims to evaluate the epidemiological and clinical risk factors associated with a higher risk of developing post-COVID-19 infection (PCI). We evaluated numerous comorbidities as risk factors for asthma in moderate and severe forms of the COVID-19 infection.



The severe form of COVID-19 is distinguished by elevated levels of serum LDH, and 81% of these subjects had values exceeding 225 U/L. Although LDH is an enzyme with origins in many organs and systems, its values significantly increase, especially in patients with lung disease [20,21]. There is ample evidence suggesting that elevated serum LDH reflects the extent of various pathophysiological processes [20]. LDH can be released during tissue damage and is involved in various pathophysiological processes, serving as a non-specific indicator of cell death. Several previous studies have shown that elevated serum LDH is associated with poor prognosis in malignancies [20]. In this study, serum LDH is validated for its potential utility as a marker for assessing clinical severity in SARS-CoV-2 infection. It is known that various disorders can increase serum LDH concentration, such as heart failure, hypothyroidism, hemolytic anemia, and cancer [22]. Among the subjects with asthma who were investigated, 21 were diagnosed with moderate COVID-19, and 16 with severe COVID-19. The clinical investigation presented in Table 2 showed biochemical parameter modifications, especially for CRP (mean concentration = 21.3 mg/L) and LDH (mean concentration = 215.09 U/L) in subjects diagnosed with moderate COVID-19. Studies in the literature have associated mild COVID-19 pneumonia with LDH serum concentrations < 220 U/L and CRP concentrations < 22 mg/L, while severe cases were characterized by CRP values > 80 mg/L and LDH serum values > 380 U/L [22]. An increasing number of studies have investigated obesity as a risk factor in post-COVID-19 infection. Recent studies have shown that obesity is significantly associated with post-COVID-19 infection (OR, 1.15); however, this significant correlation may not be present in all studies [18]. In this study, complete blood count (CBC) values were characterized by changes in the number of lymphocytes, neutrophils, leukocytes, and platelets (Table 2). It was observed that leukocytosis and, in particular, neutrophilia, represents another alteration induced by SARS-CoV-2 infection and were noted in a large number of patients diagnosed with COVID-19 [23,24,25]. The increase in the number of neutrophils, accompanied by a decrease in the number of lymphocytes, has been associated with the risk of death in patients diagnosed with PCI. In this study, high neutrophil counts were particularly observed in severe cases of COVID-19 (Table 2). High neutrophil counts were evaluated based on the comorbidities of the patients investigated. Thus, patients with PCI and associated comorbidities (asthma, hypertension, obesity) had an average value of N = 71.2%. For patients with asthma and PCI, the mean value for N was 65.5%, while for patients with asthma, hypertension, and PCI, N = 67.98% (Table 3). Studies in the literature have associated these increases in neutrophil counts with septic conditions and advanced organ dysfunction [26].



Numerous hypotheses have been proposed to understand the pathogenesis of lymphopenia in the context of SARS-CoV-2 infection. It seems that viral particles spread in the respiratory mucosa using the ACE2 receptor induce a cytokine storm, generating a series of immune responses, leading to changes in the number of lymphocytes, particularly CD4 lymphocytes, which have been considered biological predictors of severity and mortality. Thus, regarding the COVID-19 pathology, it has been postulated that patient survival may depend on their ability to restore the lymphocytes destroyed by the virus [27]. In terms of the eosinophil count in patients with PCI and bronchial asthma, a slight difference has been observed associated with patients with severe COVID-19 (3.31 × 103/µL) compared to patients in the moderate form group (3.17 × 103/µL) (Table 2). Recent studies have reported an increase in the eosinophil count in patients with bronchial asthma and COVID-19 of 5.3 ± 5.5 compared to asthmatic patients without COVID-19 of 0.735 ± 0.8570 [28]. The eosinophils play a role in the immune system and are often associated with allergic responses and parasitic infections. In the context of COVID-19, certain lower levels of eosinophils have been observed in severe cases, and an increase in eosinophils has been noted in specific situations, including in patients with bronchial asthma. In general, eosinophils are known for their role in modulating immune responses, and it has been suggested that they play a protective role against certain viral infections. However, the relationship between eosinophils and COVID-19 is complex, and the specific implications of increased eosinophils in COVID-19 patients with bronchial asthma are not fully understood. It has been suggested that eosinophils have antiviral properties, and their increased presence might be associated with a protective response against viral infections [29].



In this study, discriminant analysis aimed to differentiate patients with PCI and other associated pathologies based on clinical and paraclinical parameters. The statistical data resulting from the discriminant analysis showed that the five variables retained in the “model” (characterized by the type and number of classes) contributed most significantly to the separation of the four types of cases considered, namely patients with asthma and hypertension, patients with asthma, hypertension and diabetes, patients with asthma, hypertension and obesity and the last group of patients with asthma, hypertension, diabetes and obesity.



It should be observed that the most significant parameter in terms of contribution to the separation of the classes is serum ALT (λ-partial = 0.309, F(4.28) = 4.502, p = 0.006), while CRP concentrations contributed the least among the variables retained in the model (λ-partial = 0.807, F(4.28) = 1.668, p = 0.027). Throughout the three discriminant functions, Root 1/Root 2/Root 3, the classes showed moderate separation, with differentiation observed within the classes (Figure 3) The first discriminant function (Root 1), characterized by the highest absolute standardized coefficients (ALT, age of the investigated patients), achieved good separation of patients with PCI and AB from those with AB, H, DM, patients with AB, H, patients with AB, H, OB. Discriminant analysis applied to the dataset presented the profile of laboratory parameters (independent variable) according to the diagnosis of patients (grouping variable) in the case of patients with moderate/severe COVID-19. Based on the statistical results, it can be concluded that ALT activity (p = 0.006) and the age of patients (p = 0.001) are the variables that contribute the most to the separation of the four classes considered. Most studies have observed that ALT values increase transiently in COVID-19, due to liver dysfunction caused by the systemic inflammatory response following the administration of hepatotoxic drugs [30]. Thus, the most statistically significant correlations were observed in patients with AB-H-DM-Ob for ALT parameters and the number of days of hospitalization (r = 0.54, p < 0.05), patients with AB-H-DM for urea serum and hospitalization days (r = 0.88; p < 0.05), but also for serum glucose and neutrophil counts in AB patients (r = 0.63, p < 0.05), and the number of neutrophils with the values of CRP concentrations in patients with AB-H-Ob (r = −0.988, p < 0.05) (Figure 1 and Figure 2).



Numerous studies have considered age as a risk factor in post-COVID-19 infection, observing that older women with high body weight (obesity) are much more susceptible to the infection than men [18]. Meta-analyses have outlined the profile of patients susceptible to post-COVID-19 infection, and it has been observed that age, female sex, severe form of COVID-19, the presence of at least five symptoms during the acute phase of the disease, and obesity are the most representative characteristics of this condition [31]. Not only obesity but also diabetes are the main risk factors that increase mortality in patients with COVID-19. From the available data, it can be seen that the prognosis of patients with diabetes is significantly influenced by the SARS-CoV-2 infection. Recent studies have shown a prevalence for diabetes of 5.7–5.9% in patients with moderate COVID-19 and of 22.2–26.9% in severe COVID-19 [24]. Numerous tests and statistical interpretations have been performed to assess the risk in patients with diabetes and severe COVID-19. Along with other chronic disorders, it has been observed that diabetes increases the risk of complications in severe acute respiratory distress syndrome (ARDS) [32]. Moreover, in this study, the clinical investigation in patients with diabetes and severe COVID-19 presented higher serum concentrations of CRP and LDH. Other studies have demonstrated a direct association between CRP and LDH concentrations and the severity of the diagnosis [33,34]. These results indicated that patients with diabetes diagnosed with severe COVID-19 produced a more severe inflammatory response compared to patients diagnosed with a moderate form of COVID-19. The incidence of high LDH values in patients with COVID-19 has been associated with the presence of diabetes. This phenomenon can be explained by the reduction in glycogen synthesis and changes in glucose oxidative metabolism [35]. This observation may suggest that patients with diabetes had a more severe form of COVID-19 due to pancreatic damage caused by the virus and, in particular, the cytokine storm [24,36].



The results of the present study indicated high serum glucose concentrations in patients with severe forms of COVID-19 and multiple comorbidities, but also a statistical correlation between hospitalization days and serum glucose concentration (r = 0.42 p < 0.05 (Figure 4a,b) The literature studies showed that patients with COVID-19 and diabetes developed a severe inflammatory response, needed mechanical ventilation and at the same time had a greater number of days of intensive care hospitalization [24].



It has also been stated that a deficiency of vitamin D is one of the causes of increased plasma glucose and dyslipidemia. Thus, in a study conducted on children with asthma in North America, it was observed that low levels of vitamin D were directly associated with an increased risk of hospitalization, resulting in a significant inverse relationship between serum vitamin D levels and the severity of asthma [37]. Other research studies hav e shown that the severity of COVID-19 was significantly different in patients based on their serum calcium levels; the lower the calcium level, the more severe the disease [38].



The Kaplan–Meier survival curve for patients with PCI and multiple comorbidities (Figure 5) does not show significant differences between patients with asthma and those with asthma/hypertension/diabetes/obesity, but better results are seen in patients who only have the diagnosis of asthma. A study with a larger number of patients with asthma versus patients with multiple comorbidities could potentially identify more significant differences in this area of research.




5. Conclusions


This study represents an analysis of the clinical and paraclinical characteristics of patients diagnosed with post-COVID-19 infection, focusing on the variability of laboratory parameters based on the associated comorbidities. It was observed that patients with post-COVID-19 infection exhibited elevated inflammatory biochemical markers after the initial infection. The values of CRP, LDH, and the concentration of corticosteroids administered to the investigated patients highlighted a statistical difference between the severe and moderate forms of COVID-19. Furthermore, it was observed that certain characteristics such as age and comorbidities were associated with an increased risk of post-COVID-19 infection. The relative risk (RR) calculated based on the associated morbidity was higher in patients with post-COVID-19 infection and multiple comorbidities (asthma, hypertension, diabetes, obesity) compared to patients who only had asthma. Consequently, it can be concluded that bronchial asthma is not a risk factor for an unfavorable prognosis in COVID-19. Yet, older age and coexisting multiple comorbidities in asthmatic patients should be an alert for an increased effort to maintain asthma control and to prevent the risk of acute exacerbations that may precipitate disease progression to respiratory failure or death and at the same time could increase COVID-19-related mortality.




6. Limitations


The limitation of this study could be the low addressability of asthmatic patients who were diagnosed with post-COVID-19 syndrome, at a distance from the acute viral episode, reason for which the group of patients included in this study was limited, this fact being emphasized in what concerns corticotherapy as a risk factor in the development of severe forms of the disease.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jpm14010021/s1, Figure S1a–d. Q-Q plot for the distribution of the values of hematological parameters (N, ESR, L, WBC) in patients with asthma and PCI; Figure S2a–f. Q-Q plot for the distribution of the values of the biochemical and hematological parameters in patients with asthma and PCI.





Author Contributions


Conceptualization, A.C.T. and O.E.M.; methodology, software, M.E.D. and I.B.C.; validation, O.E.M. and D.R.P.; formal analysis, M.E.D.; investigation, M.E.D. and A.T.C.; resources, C.G., A.C.G., C.V., D.M.V. and A.F.N.; data curation, M.E.D., D.R.P. and A.C.T.; writing—original draft preparation, M.E.D. and O.E.M.; writing—review and editing, M.E.D., A.C.T., O.E.M., and D.R.P.; visualization, A.F.N., A.C.G. and D.A.T.; supervision, A.C.T.; project administration, M.E.D. and O.E.M.; funding acquisition, O.E.M., C.V. and D.R.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the Clinical Hospital of Pulmonary Diseases, Iasi, Romania (ethical approval No.96/16.03.2023) and by the Ethics Committee of the University of Medicine and Pharmacy “Grigore T. Popa” Iasi, Romania (ethical approval No. 319/30.05.2023).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


No new data were created or analyzed in this study. Data are contained within the article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Greenhalgh, T.; Knight, M.; A’court, C.; Buxton, M.; Husain, L. Management of post-acute COVID-19 in primary care. BMJ 2020, 370, m3026. [Google Scholar] [CrossRef] [PubMed]

	



Garg, P.; Arora, U.; Kumar, A.; Wig, N. The “post-COVID” syndrome: How deep is the damage? J. Med. Virol. 2021, 93, 673–674. [Google Scholar] [CrossRef] [PubMed]

	



Cabrera Martimbianco, A.L.; Pacheco, R.L.; Bagattini, Â.M.; Riera, R. Frequency, signs and symptoms, and criteria adopted for long COVID-19: A systematic review. Int. J. Clin. Pract. 2021, 75, e14357. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, A.; Marzook, H.; Ahmad, F. Comorbidities and clinical complications associated with SARS-CoV-2 infection: An overview. Clin. Exp. Med. 2023, 23, 313–331. [Google Scholar] [CrossRef] [PubMed]

	



Silva Andrade, B.; Siqueira, S.; de Assis Soares, W.R.; de Souza Rangel, F.; Santos, N.O.; dos Santos Freitas, A.; Ribeiro da Silveira, P.; Tiwari, S.; Alzahrani, K.J.; Góes-Neto, A.; et al. Long-COVID and Post-COVID Health Complications: An Up-to-Date Review on Clinical Conditions and Their Possible Molecular Mechanisms. Viruses 2021, 13, 700. [Google Scholar] [CrossRef] [PubMed]

	



Achkar, M.; Jamal, O.; Chaaban, T. Post-COVID lung disease(s). Ann. Thorac. Med. 2022, 17, 137–144. [Google Scholar] [PubMed]

	



Global Initiative for Asthma GINA Global Strategy for Asthma Management and Prevention Global Initiative for Asthma (GINA) What’s New in GINA. 2021. Available online: www.ginasthma.org (accessed on 21 November 2022).

	



Lee, S.C.; Son, K.J.; Han, C.H.; Jung, J.Y.; Park, S.C. Impact of comorbid asthma on severity of coronavirus disease (COVID-19). Sci. Rep. 2020, 10, 21805. [Google Scholar] [CrossRef] [PubMed]

	



Nassoro, D.D.; Mujwahuzi, L.; Mwakyula, I.H.; Possi, M.K.; Lyantagaye, S.L. Asthma and COVID-19: Emphasis on Adequate Asthma Control. Can. Respir. J. 2021, 2021, 9621572. [Google Scholar] [CrossRef]

	



Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53, 737–754. [Google Scholar] [CrossRef]

	



Lai, Y.-J.; Liu, S.-H.; Manachevakul, S.; Lee, T.-A.; Kuo, C.-T.; Bello, D. Biomarkers in long COVID-19: A systematic review. Front. Med. 2023, 10, 1085988. [Google Scholar] [CrossRef]

	



Malik, P.; Patel, U.; Mehta, D.; Patel, N.; Kelkar, R.; Akrmah, M.; Gabrilove, J.L.; Sacks, H. Biomarkers and outcomes of COVID-19 hospitalisations: Systematic review and meta-analysis. BMJ Evid. Based Med. 2021, 26, 107–108. [Google Scholar] [CrossRef] [PubMed]

	



Nalbandian, A.; Sehgal, K.; Gupta, A.; Madhavan, M.V.; McGroder, C.; Stevens, J.S.; Cook, J.R.; Nordvig, A.S.; Shalev, D.; Sehrawat, T.S.; et al. Post-acute COVID-19 syndrome. Nat. Med. 2021, 27, 601–615. [Google Scholar] [CrossRef] [PubMed]

	



Tjendra, Y.; Al Mana, A.F.; Espejo, A.P.; Akgun, Y.; Millan, N.C.; Gomez-Fernandez, C.; Cray, C. Predicting Disease Severity and Outcome in COVID-19 Patients: A Review of Multiple Biomarkers. Arch. Pathol. Lab. Med. 2020, 144, 1465–1474. [Google Scholar] [CrossRef] [PubMed]

	



Delshad, M.; Tavakolinia, N.; Pourbagheri-Sigaroodi, A.; Safaroghli-Azar, A.; Bagheri, N.; Bashash, D. The contributory role of lymphocyte subsets, pathophysiology of lymphopenia and its implication as prognostic and therapeutic opportunity in COVID-19. Int. Immunopharmacol. 2021, 95, 107586. [Google Scholar] [CrossRef]

	



Zhao, Q.; Meng, M.; Kumar, R.; Wu, Y.; Huang, J.; Deng, Y.; Weng, Z.; Yang, L. Lymphopenia is associated with severe coronavirus disease 2019 (COVID-19) infections: A systemic review and meta-analysis. Int. J. Infect. Dis. 2020, 96, 131–135. [Google Scholar] [CrossRef]

	



Available online: https://emeraldmed.ro/covid-19-si-boala-trombotica-si-trombo-embolica/ (accessed on 15 July 2023).

	



Tsampasian, V.; Elghazaly, H.; Chattopadhyay, R.; Debski, M.; Naing, T.K.P.; Garg, P.; Clark, A.; Ntatsaki, E.; Vassiliou, V.S. Risk Factors Associated With Post−COVID-19 Condition: A Systematic Review and Meta-analysis. JAMA Intern. Med. 2023, 183, 566–580. [Google Scholar] [CrossRef]

	



Vasileva, D.; Badawi, A. C-reactive protein as a biomarker of severe H1N1 influenza. Inflamm. Res. 2019, 68, 39–46. [Google Scholar] [CrossRef]

	



Serin, I.; Sari, N.D.; Dogu, M.H.; Acikel, S.D.; Babur, G.; Ulusoy, A.; Onar, M.I.; Gokce, E.C.; Altunok, O.; Yaylaci Mert, F.; et al. A new parameter in COVID-19 pandemic: Initial lactate dehydrogenase (LDH)/Lymphocyte ratio for diagnosis and mortality. J. Infect. Public Health. 2020, 13, 1664–1670. [Google Scholar] [CrossRef]

	



Crisan-Dabija, R.; Covic, A.; Brinza, C.; Popa, I.V.; Burlacu, A. Involvement of KL-6 Biomarker in Interstitial Lung Disease Induced by SARS-CoV-2 Infection: A Systematic Review. Appl. Sci. 2021, 11, 3482. [Google Scholar] [CrossRef]

	



Tordjman, M.; Mekki, A.; Mali, R.D.; Monnier, H.; Neveu, S.; Chassagnon, G.; Mihoubi, F.; Carlier, N.; Marey, J.; Fournier, L.; et al. Determining extent of COVID-19 pneumonia on CT based on biological variables. Respir. Med. 2020, 175, 106206. [Google Scholar] [CrossRef]

	



Qin, C.; Zhou, L.; Hu, Z.; Zhang, S.; Yang, S.; Tao, Y.; Xie, C.; Ma, K.; Shang, K.; Wang, W.; et al. Dysregulation of immune response in patients with COVID-19 in Wuhan, China. Clin. Infect. Dis. 2020, 71, 762–768. [Google Scholar] [CrossRef] [PubMed]

	



Yan, Y.; Yang, Y.; Wang, F.; Ren, H.; Zhang, S.; Shi, X.; Yu, X.; Dong, K. Clinical characteristics and outcomes of patients with severe COVID-19 with diabetes. BMJ Open Diabetes Res. Care 2020, 8, e001343. [Google Scholar] [CrossRef] [PubMed]

	



Lai, C.C.; Liu, Y.H.; Wang, C.Y.; Wang, Y.H.; Hsueh, S.C.; Yen, M.Y.; Ko, W.C.; Hsueh, P.R. Asymptomatic carrier state, acute respiratory disease, and pneumonia due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): Facts and myths. J. Microbiol. Immunol. Infect. 2020, 53, 404–412. [Google Scholar] [CrossRef] [PubMed]

	



Ali, A.H.M.; Mohamed, S.O.O.; Elkhidir, I.H.E.; Elbathani, M.E.H.; Ibrahim, A.A.H.; Elhassan, A.B.E.; Tawer Salman, M.S.; Elhassan, M.A.; Elnil, M.; Hassan Abuzied, A.I. The Association of Lymphocyte count, CRP, D-Dimer, and LDH with Severe Coronavirus Disease 2019 (COVID-19): A Meta-Analysis. Sudan J. Med. Sci. 2020, 15, 9–19. [Google Scholar] [CrossRef]

	



Usul, E.; Şan, İ.; Bekgöz, B.; Şahin, A. Role of hematological parameters in COVID-19 patients in the emergency room. Biomark. Med. 2020, 14, 1207–1215. [Google Scholar] [CrossRef] [PubMed]

	



Rawy, A.M.; Sadek, M.S.; Mogahed, M.M.; Khamis, A.; Allam, A.H. Relationship between bronchial asthma and COVID-19 infection in adults: Clinical and laboratory assessment. Egypt J. Bronchol. 2023, 17, 12. [Google Scholar] [CrossRef]

	



Kanannejad, Z.; Alyasin, S.; Esmaeilzadeh, H.; Nabavizadeh, H.; Amin, R. Asthma and COVID-19 pandemic: Focus on the eosinophil count and ACE2 expression. Eur. Ann. Allergy Clin. Immunol. 2022, 54, 284–289. [Google Scholar] [CrossRef]

	



Prompetchara, E.; Ketloy, C.; Palaga, T. Immune responses in COVID-19 and potential vaccines: Lessons learned from SARS and MERS epidemic. Asian Pac. J. Allergy Immunol. 2020, 38, 1–9. [Google Scholar]

	



Kaszuba, M.; Madej, N.; Pilinski, R.; Sliwka, A. Post-COVID-19 Symptoms in Adults with Asthma—Systematic Review. Biomedicines 2023, 11, 2268. [Google Scholar] [CrossRef]

	



Kantri, A.; Ziati, J.; Khalis, M.; Haoudar, A.; El Aidaoui, K.; Daoudi, Y.; Chikhaoui, I.; El Kettani, C. Hematological and biochemical abnormalities associated with severe forms of COVID-19: A retrospective single-center study from Morocco. PLoS ONE 2021, 16, e0246295. [Google Scholar] [CrossRef]

	



Dobrin, M.E.; Rohozneanu, O.E.; Dabija, C.; Cernat, R.E.; Buculei, I.; Cernat, R.I.; Popa, E.; Trofor, A. Prospective biochemical and hematological markers to differentiation severe from non-severe COVID-19 disease. Eur. Respir. J. 2021, 58, PA3879. [Google Scholar]

	



Fialek, B.; Pruc, M.; Smereka, J.; Jas, R.; Rahnama-Hezavah, M.; Denegri, A.; Szarpak, A.; Jaguszewski, M.J.; Peacock, F.W.; Szarpak, L. Diagnostic value of lactate dehydrogenase in COVID-19: A systematic review and meta-analysis. Cardiol. J. 2022, 29, 751–758. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, G.S. The Lactate and the Lactate Dehydrogenase in Inflammatory Diseases and Major Risk Factors in COVID-19 Patients. Inflammation 2022, 45, 2091–2123. [Google Scholar] [CrossRef] [PubMed]

	



Gęca, T.; Wojtowicz, K.; Guzik, P.; Góra, T. Increased Risk of COVID-19 in Patients with Diabetes Mellitus-Current Challenges in Pathophysiology, Treatment and Prevention. Int. J. Environ. Res. Public. Health 2022, 19, 6555. [Google Scholar] [CrossRef]

	



Islam, M.B.; Chowdhury, U.N.; Nashiry, M.A.; Moni, M.A. Severity of COVID-19 patients with coexistence of asthma and vitamin D deficiency. Inform. Med. Unlocked 2022, 34, 101116. [Google Scholar] [CrossRef]

	



Jahangirimehr, A.; Abdolahi Shahvali, E.; Rezaeijo, S.M.; Khalighi, A.; Honarmandpour, A.; Honarmandpour, F.; Labibzadeh, M.; Bahmanyari, N.; Heydarheydari, S. Machine learning approach for automated predicting of COVID-19 severity based on clinical and paraclinical characteristics: Serum levels of zinc, calcium, and vitamin D. Clin. Nutr. ESPEN 2022, 51, 404–411. [Google Scholar] [CrossRef]








[image: Jpm 14 00021 g001] 





Figure 1. Correlations of biochemical parameters based on associated comorbidities in patients with asthma and PCI. (ALTL = TGP: alanine aminotransferase; ASTL = TGO: aspartate aminotransferase; AB = bronchial asthma; AB-H= bronchial asthma-hypertension; AB-H-DM = bronchial asthma-hypertension-diabetes mellitus; A-H-DM-Ob= bronchial asthma-hypertension-diabetes mellitus-Obesity; AB-H-Ob = bronchial asthma-hypertension-obesity; corr = correlation; * p ˂ 0.05 ** p ˂ 0.005; *** p ˂ 0.001). 
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Figure 2. Correlations of biochemical and hematological parameters based on associated comorbidities in patients with asthma and PCI. (Gluc = glucose (mg/dL); LDH = lactat dehydrogenase (U/L); CRP = C-reactive protein (mg/L); WBC = white blood count (×103/µL); L = lymphocites (×103/µL); EO = Eosinophils (×103/µL); N = Neutrophils (×103/µL), AB = bronchial asthma; AB-H = bronchial asthma-hypertension; AB-H-DM = bronchial asthma-hypertension-diabetes mellitus; AB-H-DM-Ob = bronchial asthma-hypertension-diabetes mellitus-Obesity; AB-H-Ob = bronchial asthma-hypertension-Obesity; corr = corelation; * p ˂ 0.05 ** p ˂ 0.005; *** p ˂ 0.001). 
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Figure 3. Representation of scores along the two discriminant functions corresponding to patients diagnosed with post-COVID-19 infection, based on associated comorbidities.(BA = bronchial asthma; BA, H, DM = bronchial asthma, hypertension-diabetes mellitus; BA, H = bronchial asthma, hypertension; BA, H, Ob = bronchial asthma, hypertension, Obesity). 
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Figure 4. (a) Distribution of serum glucose concentrations (mg/dL) in patients diagnosed with PCI and various associated comorbidities (BA = bronchial asthma; AB, H = bronchial asthma, hypertension; AB, H, Ob = bronchial asthma, hypertension, obesity AB, H, DM, Ob = bronchial asthma, hypertension, diabetes mellitus, obesity; AB, H, DM- bronchial asthma, hypertension, diabetes mellitus) (b) linear regression curve between serum glucose concentration and the number of days of hospitalization in patients with PCI and different comorbidities. 
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Figure 5. Kaplan–Meier survival curve for patients with PCI and various comorbidities.(AB = bronchial asthma, AB, H, DM, Ob = bronchial asthma, hypertension, diabetes mellitus, Obesity). 
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Table 1. Demographic and clinical characteristics of post-COVID-asthma patients.
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	Characteristics of the Patients
	Moderate Form
	Severe Form





	
	COVID-19
	COVID-19



	
	(n = 21)
	(n = 16)



	Variable
	Mean ± SD
	Mean ± SD



	Age (years)
	66.71 ± 14.04
	61.61 ± 14.31



	Gender
	
	



	 Male (n/%)
	4 (19%)
	10 (63%)



	 Female (n/%)
	17 (81%)
	6 (37%)



	Residential area
	
	



	 Rural area (n/%)
	9 (43%)
	9 (56%)



	 Urban area (n/%)

 Smoking status
	12 (57%)
	7 (44%)



	 Ex-smokers/non-smokers
	18 (49%)/4 (11%)
	8 (22%)/7 (18%)



	Hospitalization days
	5.43 ± 4.9
	7.26 ± 5.85



	Comorbidities
	
	



	Hypertension (n)
	14 (66%)
	12 (75%)



	Diabetes mellitus (n)
	3 (14%)
	6 (37%)



	Obesity (n)
	3 (14%)
	4 (25%)



	Chronic kidney diseases n)
	1 (5%)
	1(6%)



	Chronic liver diseases (n)
	1(5%)
	1(6%)



	Number of deaths (n)
	1(5%)
	4 (25%)



	Treatment with corticosteroids
	
	



	Beclomethasone (mcg/day) n/%
	(400–1000) 11/55%
	(200–1000) 6/46%



	Fluticasone (mcg/day) n/%
	(200–500) 3/15%
	(1000) 3/23%



	Budesonide (mcg/day) n/%
	(320–640) 4/20%
	(320–1200) 4/31%



	Mometasone (mcg/day) n/%
	(62.5–136) 2/10%
	-










 





Table 2. Descriptive statistics (mean, standard deviation, minimum and maximum values) for patients with asthma and post-COVID-19 infection.
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Moderate Form

	

	

	
Severe

Form

	




	

	
Mean

	
Stdev

	
Range

	
Mean

	
Stdev

	
Range






	
ALT

	
25.90

	
26.30

	
8.2–126

	
44.43

	
64.02

	
8.20–281.7




	
AST

	
19.09

	
8.96

	
6.9–51.70

	
30.79

	
45.90

	
6.9–214.40




	
Urea

	
35.79

	
15.47

	
15.9–80.30

	
42.76

	
19.77

	
15.4–80.30




	
Creatinine

	
0.67

	
0.15

	
0.49–0.94

	
0.78

	
0.33

	
0.15–1.55




	
Glucose

	
111.11

	
25.92

	
84.6–203.20

	
124.84

	
48.54

	
25.9–218.0




	
LDH

	
215.09

	
74.38

	
133–456

	
290.48

	
133.62

	
74.38–560




	
CRP

	
21.93

	
64.07

	
0.6–298

	
52.52

	
71.09

	
0.60–298.2




	
WBC

	
8.24

	
2.19

	
5.14–12.66

	
10.70

	
5.37

	
2.19–22.69




	
RBC

	
4.47

	
0.57

	
3.23–5.60

	
4.42

	
1.23

	
0.57–6.02




	
HGB

	
13.03

	
1.78

	
9.9–16.30

	
12.74

	
3.49

	
1.78–17.30




	
HCT

	
39.21

	
5.20

	
29.4–49.40

	
38.45

	
10.36

	
5.20–52.0




	
PLT

	
282.71

	
76.51

	
122–434

	
268.34

	
121.81

	
76.51–491




	
L

	
25.25

	
8.07

	
10.9–41

	
19.70

	
11.21

	
3.50–41.10




	
M

	
8.35

	
3.19

	
4.7–17.6

	
7.95

	
3.88

	
2.00–17.60




	
EO

	
3.17

	
3.73

	
0.1–16.60

	
3.31

	
6.12

	
0.00–23




	
N

	
62.80

	
10.36

	
43.9–80.50

	
65.61

	
19.99

	
10.3–92.10











 





Table 3. Mann–Whitney U test applied to contents of biological parameters in the case of patients with PCI and multiples comorbidities.
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	Rank Sum
	Rank Sum
	U
	Z
	p-Value
	Valid N

Severe Form
	Valid N Moderate Form





	LDH
	391.000
	312,000
	81.000
	2.652
	0.007
	16.00
	21.00



	CRP
	394.5
	308.5
	77.5
	2.759
	0.005
	16.00
	21.00



	Concentration of corticosteroids
	385.5
	317.5
	86.5
	2.483
	0.011
	16.00
	21.00










 





Table 4. Descriptive statistics for biological variables based on associated comorbidities in patients with PCI.






Table 4. Descriptive statistics for biological variables based on associated comorbidities in patients with PCI.





	

	
LDH

	
CRP

	
Glucose

	
WBC

	
N

	
L






	
Biological reference interval (BRI)

	
100–225

U/L

	
0–5

mg/L

	
70–11

mg/dL

	
4.0–10.0

× 103/µL

	
34–69%

	
20–52%




	
Cases (n = 10) Post-COVID-19 infection and comorbidities (asthma)




	
Relative risk moderate form/severe form = 0.36/0.63




	
Min

	
167

	
0.6

	
87.9

	
5.53

	
43.9

	
4.9




	
Max

	
560

	
298.2

	
188.5

	
22.69

	
92.1

	
41.1




	
Mean

	
276.64

	
59.06

	
114.21

	
11.15

	
65.57

	
23.49




	
Standard deviation

	
129.37

	
93.63

	
28.11

	
6.10

	
16.08

	
11.64




	
Results ˃ BRI *

	
6

	
8

	
3

	
4

	
4

	
0




	
Results < BRI

	
0

	
0

	
0

	
0

	
0

	
2




	
Cases (n = 15) Post-COVID-19 infection and comorbidities (asthma, hypertension)




	
Relative risk moderate form/severe form = 0.41/0.53




	
Min

	
133

	
0.6

	
80.9

	
5.14

	
51.5

	
10.9




	
Max

	
478.5

	
66.4

	
135.5

	
12.66

	
80.5

	
40.7




	
Mean

	
265.85

	
18.12

	
108.19

	
8.99

	
67.98

	
21.39




	
Standard deviation

	
113.68

	
19.52

	
17.10

	
2.18

	
10.25

	
8.63




	
Results ˃ BRI

	
8

	
10

	
8

	
7

	
9

	
0




	
Results < BRI

	
0

	
0

	
0

	
0

	
0

	
8




	
Cases (n = 5) Post-COVID-19 infection and comorbidities (asthma, hypertension, diabetes mellitus)




	
Relative risk moderate form/severe form = 0.84/1.13




	
Min.

	
171.1

	
2.1

	
96.04

	
4.92

	
47

	
19.1




	
Max.

	
303.7

	
38.4

	
203.2

	
8.96

	
72.8

	
28.9




	
Mean

	
228.02

	
12.08

	
128.7

	
6.93

	
58.46

	
25.16




	
Standard deviation

	
51.49

	
16.30

	
48.41

	
1.73

	
10.72

	
5.05




	
Results ˃ BRI

	
3

	
2

	
2

	
0

	
1

	
0




	
Results < BRI

	
0

	
0

	
0

	
0

	
0

	
1




	
Cases (n = 3) Post-COVID-19 infection and comorbidities (asthma, hypertension, obesity)




	
Relative risk moderate form/severe form = 0.91/1.15




	
Cases

	
3

	

	

	

	

	




	
Min.

	
165.1

	
0.7

	
84.6

	
6.36

	
56

	
3.5




	
Max.

	
255.3

	
125.9

	
218.1

	
16.77

	
91.7

	
24




	
Mean

	
211.13

	
43.66

	
139.7

	
11.82

	
71.2

	
16.93




	
Standard deviation

	
45.12

	
71.24

	
69.73

	
5.22

	
18.4

	
11.63




	
Results ˃ BRI

	
1

	
1

	
2

	
2

	
1

	
1




	
Results < BRI

	
0

	
0

	
0

	
0

	
0

	
2




	
Cases (n = 4) Post-COVID-19 infection and comorbidities (asthma, hypertension, diabetes mellitus, obesity)




	
Relative risk moderate form/severe form = 0.98/1.52




	
Min.

	
123

	
0.6

	
101.6

	
5.9

	
50.3

	
16.2




	
Max.

	
324

	
21.3

	
205.7

	
13.2

	
77.9

	
39




	
Mean

	
211.2

	
10.42

	
140.97

	
9.95

	
62.25

	
28.05




	
Standard deviation

	
100.54

	
10.17

	
44.94

	
3.79

	
11.94

	
9.61




	
Results > BRI

	
2

	
2

	
3

	
2

	
1

	
0




	
Results < BRI

	
0

	
0

	
0

	
0

	
0

	
1








* BRI = biological reference interval.













 





Table 5. Summary of discriminant function analysis for grouping patients with AB, patients with AB, H, DM, patients with AB, H, and patients with AB, H, OB.
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	Variable
	Wilks’ Lambda
	Partial Lambda
	F(4.28)
	p
	R2





	ALT
	0.309
	0.608
	4.502
	0.006
	0.347



	Age
	0.340
	0.552
	5.659
	0.001
	0.258



	RBC
	0.258
	0.729
	2.599
	0.057
	0.33



	Urea
	0.239
	0.788
	1.879
	0.141
	0.284



	CRP
	0.233
	0.807
	1.668
	0.185
	0.226







ALT = alanine aminotransferase; CRP = C-reactive protein; RBC = red blood cell count.
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