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Abstract:
							                           
INTRODUCTION COVID-19 sequelae, or the short-, medium-, and long-term manifestations of the disease are under continuous study. There are currently few reports on the evolution of hematological variables following a demonstrated absence of SARS-CoV-2 after infection.OBJECTIVE Identify hematological alterations in Cuban adults recovered from SARS-CoV-2 infection, and their relation with disease severity.

METHODS We selected 348 persons recovered from COVID-19 residing in Havana, Cuba with an RT-PCR study negative for SARS-CoV-2 performed two weeks after hospital discharge; a structured survey was administered to obtain clinical–epidemiological data.  Three groups were established according to COVID-19 clinical criteria: asymptomatic, mild/moderately symptomatic, and severely symptomatic, which, in turn, were divided according to hospital discharge date and blood sample collection date. We performed hemograms with differential leukocyte counts and compared results among groups. We then measured the associations between hematological variables, personal medical history, and relevant lifestyle habits (smoking).

RESULTS All hematological variables were within normal reference limits, although men from the group of severely ill patients had increased total leukocytes, neutrophils and lymphocytes, and decreased hemoglobin and eosinophils, which was also evident in those with a recovery time of 31–90 days.

CONCLUSIONS The relation between hematological variables and degree of clinical severity offers evidence as to persistence of systemic alterations (possibly inflammatory) associated with viral infection. Their identification and characterization can facilitate personalized patient followup and rehabilitation.
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INTRODUCTION

COVID-19, caused by the SARS-CoV-2 virus, is most frequently characterized by fever, malaise, cough, sore throat and muscle aches, occurring in approximately 95% of patients who develop symptoms following an incubation period of 4–5 days.[1–5] Severe presentations of the disease begin a week after symptom onset and present as dyspnea accompanied by hypoxemia, and can progress to respiratory failure, a clinical picture consistent with criteria for acute respiratory distress syndrome (ARDS).[5,6]

Laboratory, chemical and hematological variables have been characterized in multiple publications as predictors of clinical severity.[7–13] Variations in hematological and blood chemistry values during the disease’s active phase have been noted, especially in hospitalized patients and patients who progress to severe forms of the disease. The most common findings include lymphopenia, elevated D-dimer levels, and elevated levels of lactate dehydrogenase, C-reactive protein, and ferritin.[14,15] Some of these variables are associated with poor prognoses, including increased total white blood count, increased neutrophil/lymphocyte ratio (NLR),[16,17] eosinopenia, prolonged prothrombin time, increased liver enzyme levels, and increased levels of interleukin-6 (IL-6) and procalcitonin.[8,15] Increased eosinophil levels prior to clinical discharge have been reported as indicators of improved outcomes.[8–21] However, there are few reports as to the status of these variables in individuals who are in stages of convalescence or recovery.




IMPORTANCE Hematological alterations in patients recovered from SARS-CoV-2 infection confirm the persistence of inflammatory processes associated with viral infection and reveal the existence of pathological processes following, and possibly associated with, COVID-19.




The Cuban Action Protocol for COVID-19  establishes how to manage recovering COVID-19 patients in primary health care (PHC),[22] emphasizing multidisciplinary collaboration and personalized followup, aimed at detecting complications or sequalae to adopt the most appropriate treatment, aid in rehabilitation and improve quality of life.

This study’s objective was to identify hematological variations in adult Cubans considered clinically recovered from SARS-CoV-2 infection.




METHODS

Design and study group definition We carried out a cross-sectional analytical, observational study from June 25 through July 25, 2020, in all 15 municipalities of the Cuban capital, Havana. The study universe was comprised of all Cubans aged >18 years who were infected with SARS-CoV-2 from March 11 through June 11, 2020, with negative RT-PCR (real-time polymerase chain reaction) results two weeks after hospital discharge. Those who traveled outside their local community polyclinic’s geographic health area during the study period and those whose records showed either discrepancies between databases or a lack of information (provided by patients or attending physicians) were excluded. A final sample was obtained based on the sole criterion of willingness to participate in the study.

We established three study groups, according to the disease’s clinical characteristics and evolution: the asymptomatic group, composed of those who developed no symptoms or clinical signs of COVID-19; the mild–moderate group, of those patients who presented clinical signs of COVID-19 or reported symptoms, without presenting clinical complications; and severe group, denoting those who presented severe symptoms, with complications such as pneumonia, ARDS, cardiac arrhythmias, venous thrombosis and disseminated intravascular coagulation, who required intensive care due to alterations in respiratory rate, blood oxygen saturation, partial pressure of arterial oxygen or pulmonary infiltrates >50% in 24–48 hours, septic shock or multiple organ failure or dysfunction.

Clinical groups were, in turn, divided according to the period between hospital discharge date and the date biological samples were taken. For study purposes, this variable was defined as ‘recovery time’ and was divided as follows: time-group 1 (≤30 days); time-group 2 (31–60 days); time-group 3 (61–90 days), and time-group 4 (>90 days). We thus ensured that comparisons were made between individuals with similar recovery times.


Data collection and biological sampling Each municipality established a schedule according to their territorial extension and number of reported cases.[23] Working groups were created, bringing together researchers and specialists from multiple polyclinic health areas of different municipalities, and databases of these areas were obtained from the Municipal Hygiene and Epidemiology Divisions, facilitating identification and selection of individuals who met research criteria. They were then visited by genetic counselors and primary healthcare physicians who provided them with information necessary to aid in their decision as to whether to participate in the research.

Interviews were conducted during the morning hours in selected polyclinics. During the interviews, participants received a brief explanation as to the study’s purpose and characteristics, signed informed consent forms, and participated in the structured survey. The survey included general personal data, medical history, relevant lifestyle habits and aspects related to the disease and its evolution, as well as the treatment received. This information was used to make definitive assignments to the corresponding study groups, since the databases consulted only provided relevant clinical information that was collected at the time positive diagnosis was made.

Biological samples were also taken during these interviews. People of advanced age, or those who had physical limitations were visited and interviewed in their homes. Blood samples (3 mL) were taken by polyclinic laboratory personnel at least two hours after eating. Samples were extracted via peripheral venous puncture, maintaining aseptic and antiseptic measures, guaranteeing patient safety and sample quality. Samples were stored in Vacutest tubes with the anticoagulant EDTA-K2 (Deltalab, Spain) at 8 ºC and protected from light until processing.


Variable definitions The following hematological variables were analyzed: hemoglobin concentration, platelet cell count, total leukocytes, lymphocytes, neutrophils, eosinophils, basophils and monocytes. Reference values for each variable by age and sex were adopted according to standardized equipment values and international units.[24] Medians and interquartile ranges (IQR) were collected for each variable, according to clinical group and recovery time. Results were classified as normal, low and high, and we used the semiological nomenclature corresponding to each condition.


Hematological studies All hematological studies were performed at the National Medical Genetics Center (CNGM) clinical laboratory (Havana, Cuba), using the BC-6800 Automatic Hematology Analyzer (Mindray, Spain) that performs a differential count of five leukocyte subpopulations.[25] All laboratory techniques were performed according to established operational regulatory procedures and followed good clinical laboratory practices.[26]


Data analysis and processing IBM SPSS, version 22, was used for statistical analysis, and GraphPad Prism, version 7.00 (GraphPad Software, San Diego, USA) was used to prepare the figures.


Odds ratios and 95% confidence intervals (95% CI) Odds ratios with their confidence intervals were calculated to evaluate the association of smoking and the most prevalent variables in medical histories with each hematological variable.


Ethical considerations This study is part of a research project approved by CNGM’s Scientific Council and Medical and Research Ethics Committee, and by the Cuban Ministry of Health’s Innovation Committee. All participants provided written informed consent. Individuals with cognitive disabilities were represented by their parents, guardians or legal representatives. Participant confidentiality was maintained through data encryption and limited access to information. Individual study results were communicated to patients and their attending physicians to facilitate better patient care and followup.




RESULTS

From March 11 through June 11, 2020, 1183 confirmed positive cases of SARS-CoV-2 infection were diagnosed in Havana.[24] After applying selection criteria, we obtained a sample of 348 individuals, divided into the three clinical groups (Table 1).

Most patients (56.6%; 197/348) had mild–moderate COVID-19 symptoms, and only 7.5% (26/348) presented with severe forms of the disease. Distribution by sex was similar in the three clinical groups, and there were more women in the sample (58.3%; 203/348) (Table 1). Patients who suffered severe forms of the disease tended to be older, and this group also had the highest percentage of pre-existing comorbidities and chronic diseases (data not shown).

Recovery for the vast majority of patients (92%; 320/348) was 31–90 days (time-groups 2 and 3). In the other two time-groups (≤30 days and >90 days) there were few or no cases in at least one clinical group, limiting comparative analysis by clinical severity (Table 1).




Table 1




Table 1: Characteristics of patients recovered from SARS-CoV-2 infection, by clinical group









	Variable
	Clinical group
	Total N (%) 348 (100.0)



	Asymptomatic n (%) 125 (35.9)
	Mild–moderate n (%) 197 (56.6)
	Severe n (%) 26 (7.5)



	Age, median (IQR)
	44 (30−56)
	49 (38−58)
	57 (49−70)
	49 (34−57)



	Sex



	
	Female
	72 (57.6)
	116 (58.9)
	15 (57.7)
	203 (58.3)



	Male
	53 (42.4)
	81 (41.1)
	11 (42.3)
	145 (41.7)



	Pre-existing conditions



	
	Asthma
	18 (14.4)
	43 (21.8)
	6 (23.1)
	67 (19.2)



	Cancer
	2 (1.6)
	4 (2.0)
	0
	6 (1.7)



	Ischemic heart disease
	4 (3.2)
	4 (2.0)
	3 (11.5)
	11 (3.2)



	Diabetes mellitus
	12 (9.6)
	24 (12.2)
	4 (15.4)
	40 (11.5)



	Chronic obstructive pulmonary disease
	2 (1.6)
	4 (2.0)
	3 (11.5)
	9 (2.6)



	Chronic kidney disease
	1 (0.6)
	1 (0.5)
	2 (7.7)
	4 (1.1)



	Hypercholesterolemia
	4 (3.2)
	11 (5.6)
	2 (7.7)
	17 (4.9)



	AHT
	44 (35.2)
	79 (40.1)
	17 (65.4)
	140 (40.2)



	Obesity*
	25 (20.0)
	44 (22.3)
	9 (34.6)
	78 (22.8)



	Hematological disorders
	0
	3 (1.5)
	0
	3 (0.9)



	Liver disorders
	2 (1.6)
	2 (1.0)
	0
	4 (1.0)



	Lifestyle habits



	
	Smoking
	28 (22.4)
	20 (10.2)
	2 (7.7)
	50 (14.4)



	Alcohol
	65 (52.0)
	86 (43.7)
	11 (42.3)
	162 (46.6)



	Coffee
	92 (73.6)
	146 (74.1)
	17 (65.4)
	255 (73.3)



	Recovery time



	
	<30 days
	0
	2 (1.0)
	0
	2 (0.6)



	31−60 days
	51 (40.8)
	52 (26.4)
	9 (34.6)
	112 (32.2)



	61−90 days
	69 (55.2)
	122 (61.9)
	17 (65.4)
	208 (59.8)



	>90 days
	5 (4.0)
	21 (10.7)
	0
	26 (7.5)














AHT Arterial hypertension
IQR Interquartile range
n Number of patients
% Percentage related to column total
* Obesity was determined by calculating body mass index (BMI) from patient weight and height, as reportedby patients. Individuals with BMIs >30 were classified as obese.









Hematological parameter results Medians and IQRs of hematological variables by clinical group (asymptomatic, mild–moderate and severe) for those in two of the recovery groups (31−60 day time-group and 61−90 day time group) are shown in Figure 1. With the exception of hemoglobin concentrations in men with a severe form of the disease, values are within reference ranges. However, appreciable differences were found in values of patients who presented severe disease forms when compared to the other two clinical groups (asymptomatic and mild–moderate), in both the 31–60 day time-group and the 61–90 day time-group. The neutrophil/lymphocyte ratio in both time-groups and the hemoglobin concentration in women in the 61–90 day time-group are exceptions; these two variables present similar values in all three clinical groups.

Patients with severe disease presentations had higher numbers of total leukocytes, neutrophils, lymphocytes and monocytes, and lower numbers of eosinophils. These differences were greater in the 31−60 day time group, when comparing the severe group’s leukocyte and neutrophil levels with those of the asymptomatic group and the mild–moderate symptomatic group. Differences in lymphocyte and monocyte levels were remarkably large between severe and asymptomatic groups.

Severely-ill patients in the 61−90 day time-group also had higher total leukocyte and neutrophil levels than asymptomatic and mild–moderate symptomatic patients.

In both time-groups, eosinophil levels were somewhat lower in severe patients. Basophil levels were normal and similar in all three clinical groups and at all recovery times (data not shown). On the other hand, platelet counts were higher in the severe group at both recovery times, although striking differences were only observed in the 31−60 day time-group.


Positive hematological variable results analysis Median and IQR variable values fell within reference ranges (except hemoglobin concentrations in men); however, a relatively high percentage of individuals had values outside the reference ranges. Table 2 shows the absolute frequencies and percentages of individuals with values above or below the reference range for each variable according to clinical group and recovery time. In 31−60 day time-group, 15.2% (17/112) presented with anemia, distributed among three clinical groups, compared to 2.4% (5/208) of those in  the 61−90 day time-group who suffered from anemia.

Persons with >90 days of recovery time who presented with asymptomatic SARS-CoV-2 infection had normal hematological values. Only 2 of the 21 individuals with mild–moderate COVID-19 presented leukopenia with neutropenia, and another 2 presented with eosinophilia (values not shown).


Association analysis We calculated odds ratio values (95% CI) to asses association between medical history (bronchial asthma, diabetes mellitus, arterial hypertension, obesity and smoking) with changes in hematological variables (Table 3). Among obese individuals, neutropenia was 2.28 times more frequent than for those in other weight groups. Smokers, however, were less likely to have high eosinophil levels.




DISCUSSION

Scientific publications and case reports on COVID-19 have increased exponentially since the appearance of the first cases in 2019. Reports have characterized COVID-19’s infectious agent, the various presentations of the disease and the pathophysiological mechanisms behind the disease’s complications;[5,27] treatments and their efficacy;[28,29] and more recently, vaccine development and clinical trials.[30] However, scarcity of laboratory studies of patients recovered from the disease makes it difficult to compare this study’s results.
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Figure 1



Figure 1: Characteristics of patients recovered from SARS-CoV-2 infection, by clinical group and recovery time (31−60 days and 61−90 days)


















Table 2




Table 2: Absolute frequencies and percentages of patients recovered from SARS-CoV-2 infection, by hematological variable reference values, according to clinical groups and recovery time*









	Hematological condition



	
	Recovery time 31−60 days
	Recovery time 61−90 days



	Asymptomatic n = 51
	Mild–Moderate n = 52
	Severe n = 9
	Asymptomatic n = 69
	Mild–Moderate n = 122
	Severe n = 17



	Hemoglobin



	
	Normal
	42 (82.3)
	42 (80.8)
	8 (88.9)
	69 (97.1)
	118 (96.7)
	16 (94.1)



	Low
	6 (11.8)
	10 (19.2)
	1 (11.1)
	2 (2.9)
	2 (1.6)
	1 (5.9)



	High
	3 (5.9)
	0
	0
	0
	2 (1.6)
	0



	Platelets



	
	Normal
	45 (88.2)
	52 (100)
	9 (100)
	62 (89.9)
	113 (92.6)
	17 (100)



	Low
	5 (9.8)
	0
	0
	7 (10.1)
	7 (5.7)
	0



	High
	1 (2.0)
	0
	0
	0
	2 (1.6)
	0



	Leukocytes



	
	Normal
	45 (88.2)
	39 (75.0)
	7 (77.8)
	55 (79.7)
	102 (83.6)
	14 (82.4)



	
	Low
	6 (11.8)
	10 (19.2)
	0
	12 (17.4)
	19 (15.6)
	0



	High
	0
	3 (5.8)
	2 (22.2)
	2 (2.9)
	1 (0.8)
	3 (17.6)



	Neutrophils



	
	Normal
	44 (86.3)
	36 (69.2)
	8 (88.9)
	53 (76.8)
	92 (75.4)
	13 (76.5)



	Low
	7 (13.7)
	13 (25.0)
	0
	16 (23.2)
	28 (23.0)
	2 (11.8)



	High
	0
	3 (5.8)
	1 (11.1)
	0
	2 (1.6)
	2 (11.8)



	Lymphocytes



	
	Normal
	45 (88.2)
	51 (98.1)
	7 (77.8)
	63 (91.3)
	111 (91.0)
	15 (88.2)



	
	Low
	5 (9.8)
	1 (1.9)
	1 (11.1)
	4 (5.8)
	11 (9.0)
	1 (5.9)



	
	High
	1 (2.0)
	0
	1 (11.1)
	2 (2.9)
	0
	1 (5.9)



	Monocytes



	
	Normal
	50 (98.0)
	52 (100)
	8 (88.9)
	68 (98.6)
	121 (99.2)
	16 (94.1)



	Low
	0
	0
	0
	0
	0
	0



	High
	1 (2.0)
	0
	1 (11.1)
	1 (1.4)
	1 (0.8)
	1 (5.9)



	Eosinophils



	
	Normal
	34 (66.7)
	42 (80.8)
	7 (77.8)
	52 (75.4)
	114 (93.4)
	13 (76.5)



	
	Low
	3 (5.9)
	0
	2 (22.2)
	5 (7.2)
	8 (6.6)
	2 (11.8)



	
	High
	14 (27.4)
	10 (19.2)
	0
	12 (17.4)
	17 (13.9)
	2 (11.8)



	NLR



	
	<3
	50 (98.0)
	49 (94.2)
	8 (88.9)
	60 (87.0)
	114 (93.4
	13 (76.5)



	≥3
	1 (2.0)
	3 (5.8)
	1 (11.1)
	9(13.0)
	8 (6.6)
	4 (23.5)














* Only the results of the 31−60 day time group and the 61−90 day time group, equivalent to 320 individuals of the total 348 (92%) are shown. In the other two time-groups, at least one clinical group appeared as an empty category.
n Number of patients
NLR Neutrophil/leukocyte ratio. Values with notably high percentages compared to other groups are highlighted.








Our study participants were mostly reintegrated into their family, community and working lives, although they complied with clinical–epidemiological followup through community health services, in accordance with the Cuban protocol for convalescent patient care.[22] The fact that the medians and IQRs of most hematological values fell within reference limits indicates that most study participants had normal values at the time of sampling.

However, it is noteworthy that patients who presented with severe forms of the disease had higher levels of leukocytes, neutrophils and monocytes, decreased hemoglobin concentrations, and decreased eosinophil levels. Severely ill patients were also more likely to have leukocytosis, neutrophilia, eosinophilia, and a higher percentage of them had NLR values greater than 3 at two and three months after clinical discharge. From these results, it could be interpreted that the immunological and inflammatory mechanisms triggered in these patients and that motivated the torpid evolution of the disease continued to be stimulated over time, even after the infection had disappeared.[10,31–33] This is similar to reports by Sherina,[34] which confirm persistence of an immune response eight months after SARS-CoV-2 diagnosis. On the other hand, the group of patients who presented with severe disease also presented with a greater number and likelihood of associated comorbidities, which makes their care more complex and a slower evolution more likely. The influence of age and comorbidities on hematological alterations cannot be ruled out, even when statistical analyses have not shown a clear association.[6,35]

Studies in convalescent patients or in patients recovered from infection have referred mainly to the presence of symptoms, pulmonary alterations, immune responses and, to a lesser extent, changes in hematological parameters. Shaw[36] reported persistence of pathological images in chest tomography and demonstrated that disease consequences can persist for over a month after clinical discharge, including the appearance of other infections and alterations in laboratory findings such as progressive lymphopenia and neutrophilia. Similar results were reported by Sonnwber,[37] who described persistence of symptoms in a group of recovered patients, with decreased capillary pO2 in 37% of study participants, as well as increased levels of C-reactive protein (12%), IL-6 (6%), procalcitonin (9%), D-dimer (27%) and ferritin (17%), 100 days after the infection was diagnosed. In the present study, only the results of a complete leukogram are available; determinations of specific and other non-specific inflammatory response variables were not performed, preventing comparison of these results with those of other authors.

Zhao[33] found decreased lymphocytes and increased neutrophils in COVID-19 patients in the recovery stage up to four weeks after hospital discharge (similar to influenza infection). They also found increased neutrophil levels in critically ill patients, consistent with our study’s results. They conclude that COVID-19 patients have decreased antiviral immunity and increased anti-inflammatory responses, which are maintained during the recovery stage.




Table 3




Table 3: Odds ratios values (95% confidence intervals) between pre-existing conditions and altered hematological variables









	Altered hematological variable
	Pre-existing condition



	Asthma
	Diabetes mellitus
	Arterial hypertension
	Obesity
	Smoking



	Hemoglobin low
	1.635 (0.471−5.671)
	1.390 (0.314−6.165)
	0.493 (0.210−1.159)
	1.043 (0.374−2.905)
	0.783 (0.255−2.406)



	Hemoglobin high
	-
	1.187 (0.030−1.154)
	0.443 (0.073−2.688)
	1.158 (0.128−10.512)
	0.244 (0.040−1.499)



	Leukocytes low
	1.101 (0.507−2.393)
	3.508 (0.819−15.027)
	0.834 (0.456−1.527)
	2.336 (0.956−5.708)
	1.036 (0.438−2.452



	Leukocytes high
	0.462 (0.135−1.581)
	1.444 (0.182−11.495)
	0.940 (0.292−3.024)
	1.462 (0.313−6.814)
	0.833 (0.177−3.921)



	Platelets low
	0.655 (0.248−1.730)
	1.390 (0.314−6.165)
	0.596 (0.255−1.391)
	0.639 (0.253−1.613)
	3.906 (0.515−29.647)



	Neutrophils low
	2.131 (0.967−4.695)
	2.502 (0.860−7.279)
	1.042 (0.612−1.776)
	2.285 (1.079−4.839)
	1.197 (0.552−2.595)



	Neutrophils high
	0.465 (0.113−1.911)
	0.442 (0.089−2.205)
	0.837 (0.221−3.175)
	2.351 (0.290−19.091)
	1.352 (0.165−11.047)



	Lymphocytes low
	0.950 0.343−2.631)
	0.659 (0.214−2.026)
	0.846 (0373−1.922)
	1.168 (0.424−3.220)
	0.872 (0.286−2.656)



	Lymphocytes high
	-
	0.0644 (0.073−5.652)
	0.330 (0.060−1.827)
	0.978 (0.960-0.996)
	0.836 (0.096−7.311)



	Monocytes high
	1.196 (0.137−10.407
	0.250 (0.044−1.411)
	0.330 (0.060−1.827)
	0.281 (0.056−1.420)
	-



	Eosinophils low
	2.490 (0.568−10.926
	2.854 (0.373−21.810)
	1.477 (0.586−3.720)
	1.321 (0.434-4.026)
	1.067 (0.304−3.747)



	Eosinophils high
	0.997 (0.485−2.046
	0.914 (0.383−2.181)
	1.564 (0.854−2.865)
	0.774 (0.403−1.485)
	0.434 (0.216−0.870)



	NLR high
	0.821 (0.318−2.121
	0.415 (0.156−1.099)
	0.600 (0.273−1.319)
	1.012 (0.394−2.602)
	0.962 (0.318−2.909)














NLR Neutrophil/leukocyte ratio
 Confidence intervals that did not include the value 1, which represents no association, are highlighted.








Rodriguez[31] reported that increases in NLR during the disease’s acute phase undergo a slow reversal during recovery. These results are similar to those of our study and could reinforce the hypothesis that inflammatory and immunological processes are stimulated in patients with more severe forms of the disease.

Although variables related to medications used during the disease’s acute stage were not analyzed in this study, treatments for patients were uniform and governed by approved protocols established for the entire country, even for patients who had asymptomatic forms of the disease. These protocols include the use of steroids in intensive care units.[22] Medical literature reports an association between leukocytosis and steroid treatments, especially with high doses. These treatments can cause extreme and persistent leukocytosis, which may be associated with monocytosis, neutrophilia, lymphopenia and eosinopenia, conditions seen in the severe-illness group.[38,39]

The low levels of hemoglobin concentration in men, mainly in the 31−60 day time group, also seem to be related to the processes associated with infection. It is noteworthy that individuals with a longer recovery time (both men and women) had higher hemoglobin concentrations and a lower likelihood of anemia. One possible conjecture is that a longer recovery time led to the removal of factors—including direct alterations to iron metabolism or distribution—that were still present in shorter recovery periods.[40–42]

Identifying the causes or factors related to the eosinophil alterations found in this study is difficult, as these alterations were found not only in the severe group, but also the asymptomatic group, which included younger people and high percentages of eosinophilia. In this case, eosinophilia’s various causes (and presence of intestinal parasites or allergies, common in this age group) must be ruled out by complementary testing.

Fraisse[21] suggests that COVID-19 may be either directly or indirectly responsible for eosinophilia, resulting from recovery mechanisms activated by a hyperstimulated immune system during the so-called ‘cytokine storm.’ These mechanisms could be influencing the high percentages of eosinophilia observed in our study. Liu[43] links eosinophilia to therapies combining lopinavir and interferon alpha 2b, and Mateos González[19] reported a relationship between eosinophilia and prescribed COVID-19 treatments involving lopinavir, ritonavir, azithromycin or low-molecular-weight sodium heparin.

One of the striking study results is the paradoxical negative association between smoking and high eosinophil levels. This directly contradicts previous reports by Hartl,[44] who found high levels of eosinophils in smokers in a study of over 11,000 Australians, and Caspard,[45] who reported elevated levels of peripheral blood eosinophils in current and former smokers with asthma, compared with never-smokers.

Exposure to tobacco and cigarette smoke causes alterations to airways and lung parenchyma, with direct cellular damage to the alveolar epithelium and other cells, leading to a localized inflammatory response that recruits other immune system cells, including eosinophils.[46] The negative association between smoking and high eosinophil levels found in this study may be due to direct acute damage caused to lung tissue by the virus, damage exacerbated by smoking, resulting in localized eosinophil recruitment to the lungs and lower circulating eosinophil levels in peripheral blood.

One limitation of this study is its cross-sectional characterization of recovered individuals, and the lack of comparison to the acute phase of the disease. There is also no information as to the status of the measured variables before infection, so some of the study’s results could be related to pre-existing disease or concomitant inflammatory or infectious processes (which could be undiagnosed). It is also not possible to rule out infections or other inflammatory processes in the period between the acute phase of the disease and the time of the study. Additionally, only complete leukograms were considered, and we did not examine other specific or non-specific inflammatory response variables. Another limitation of this study was the use of a structured survey to obtain information, which is prone to errors and recall bias, especially in individuals with severe forms of the disease.

However, the results presented provided evidence which can aid in developing improved strategies for followup care of patients recovering from COVID-19 in Cuba and their multidisciplinary management.




CONCLUSIONS

In persons recovered from SARS-CoV-2 infection, hematological changes and their relation to disease clinical severity suggest persistence of systemic changes—possibly inflammatory—associated with viral infection. Identification and characterization of such changes facilitate personalized COVID-19 followup care and rehabilitation.
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