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Abstract: Long COVID affects a significant number of people after acute coronavirus disease 2019 
(COVID-19), and haematological changes can persist in the COVID-19 phase. This study aimed to 
evaluate these haematological laboratory markers, linking them to clinical findings and long-term 
outcomes in patients with long COVID. This cross-sectional study selected participants from a ‘long 
COVID’ clinical care programme in the Amazon region. Clinical data and baseline demographics 
were obtained, and blood samples were collected for quantification of erythrogram-, leukogram-, 
and plateletgram-related markers. Long COVID was reported for up to 985 days. Patients hospital-
ised in the acute phase had higher mean red/white cell, platelet, and plateletcrit levels and red cell 
distribution width. In addition, haematimetric parameters were higher in shorter periods of long 
COVID. Patients presenting with more than six concomitant long COVID symptoms had a higher 
white blood cell count, shorter prothrombin time (PT), and increased PT activity. Within up to 985 
days of long COVID, our results suggest a probable benign compensation for erythrogram-related 
markers. Increased levels of leukogram-related markers and increased coagulation activity were 
observed in the worse long COVID groups, also indicating an exacerbated response after the acute 
disturbance, which is uncertain and requires further investigation. 
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1. Introduction 
Infection by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is re-

sponsible for millions of confirmed coronavirus disease 2019 (COVID-19) cases world-
wide. Several studies have shown that a significant number of people affected by COVID-
19 have persistent symptomatology, even 4 weeks after the onset of acute symptoms. This 
scenario is commonly referred to as long COVID, in which most patients experience a 
wide range of symptoms, indicating multi-organ involvement [1-4]. 

Among the various clinical and laboratory manifestations of the disease described 
throughout the COVID-19 pandemic, investigations of the haematological profile have 
proven important in the risk assessment of severe cases of COVID-19. Hypercoagulable 
state and changes in platelet, leucocyte, and erythrocyte counts are found in patients who 
develop an unfavourable evolution of the disease, indicating a poor prognosis and that 
these should be observed carefully [3,5,6]. 

Studies indicate that the haematological profile can remain altered in the long COVID 
phase [5,6]; however, the literature is still scarce in longer-lasting investigations, such as 
in long COVID for up to 1 year, and even more so in the Amazon region. Therefore, this 
study aimed to evaluate haematological laboratory markers, linking them to clinical find-
ings and long-term outcomes in patients with long COVID. Our results suggest a potential 
compensatory mechanism for erythrogram-related markers within up to 985 days of long 
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COVID. Increased levels of leukogram-related markers and increased coagulation activity 
were also observed in the worse long COVID groups. 

2. Materials and Methods 
This was an observational, cross-sectional, prospective study approved by the Ethics 

Committee for Research Involving Human Beings of the State University of Pará (opinion 
4.252.664). This study followed the principles of the Declaration of Helsinki and the 
Strengthening the Reporting of Observational Studies in Epidemiology guidelines sup-
porting the construction of this article. Written consent was obtained from all participants. 

Adults (aged ≥18 years) of both sexes enrolled in a clinical care programme for pa-
tients with long COVID, conducted in the Amazon region, Brazil, after an open call. Be-
tween March 2020 and June 2022, a total of 260 patients voluntarily enrolled in the pro-
gramme. Diagnosis of long COVID was carried out using the following criteria: (a) con-
firmation of acute symptomatic infection by SARS-CoV-2 by real-time polymerase chain 
reaction amplification – acute symptoms needed to be consistent with COVID-19 and not 
attributable to any other cause – and (b) presence of at least one prolonged symptom of 
COVID-19 (post-acute COVID-19) that cannot be assigned to another cause, such as fa-
tigue, dyspnoea, cough, chest pain, muscle pain or weakness, headache, insomnia, visual 
disturbances, tremor, loss of balance, lower limb oedema, arthralgia, palate, and/or olfac-
tory disorders, for at least 4 weeks (28 days) past the acute onset of symptoms. 

None of the included patients had any clinical infectious conditions that could con-
fuse the interpretation of the variables studied here. In vaccinated patients, the time inter-
val from the time of the last vaccination to the collection of blood samples ranged from 49 
to 377 days. Thus, the 260 patients were divided into the following groups: ‘hospitalisation 
in the acute phase’; ‘long COVID period’; and ‘number of long COVID symptoms’, which 
allowed comparisons, correlations, and associations to be carried out in the studied pop-
ulation (Figure 1). 

 
Figure 1. Study flowchart for recruitment and group allocation. Created with BioRender.com 

The first stage of the collection consisted of venepuncture for blood collection, with 
the patient fasting for at least 8 h, being collected 3 mL of blood in two Vacuette® tubes 
(Greiner Bio-One, Kremsmünster, Austria): (a) tube with ethylenediaminetetraacetic acid 
(EDTA) anticoagulant, for whole-blood analysis, which consisted of the quantification of 
red blood cells (RBCs), haemoglobin, haematocrit, mean corpuscular volume (MCV), 
mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration 
(MCHC), red cell distribution width (RDW), erythrocyte sedimentation rate (ESR), white 
blood cells (WBCs), neutrophils, eosinophils, basophils, monocytes, lymphocytes, plate-
lets, mean platelet volume, and plateletcrit and platelet distribution width (PDW); and (b) 
tube with sodium citrate for coagulation analysis, including prothrombin time (PT), PT 
activity, and activated partial thromboplastin time. The normal reference ranges for the 
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aforementioned examinations were adopted from the respective reagent manufacturers 
(Supplementary Table S1). The second collection stage, which occurred within a maxi-
mum of 24 hours after the first stage, consisted of face-to-face interviews to collect clinical 
and baseline demographic data of the participants, such as sex, age, presence of comor-
bidities or concomitant infections, date of acute onset of symptoms, self-reported long 
COVID symptomatology, medications used, hospital admission in the COVID-19 acute 
phase, and length of stay.  

Whole blood samples in tubes with EDTA were analysed using the Zybio Z3 haema-
tological analyser (Zybio Inc., Chongqing, China), using the reagent line for haematolog-
ical tests from Labtest (Lagoa Santa, Brazil). After 1 h of rest, the ESR was also determined 
in whole blood samples. The sodium citrate tube was centrifuged at 3,000 rpm for 5 min 
(Daiki 80-2B centrifuge, Ionlab, Araucária, Brazil), followed by the determination of clot-
ting parameters in the HumaClot Junior coagulation analyser, with its own reagent kit 
line for haemostasis tests (HUMAN, Wiesbaden, Germany). 

GraphPad Prism™ software version 8.4.3 (GraphPad Software, San Diego, CA, USA) 
was used for statistical analysis. The D’Agostino–Pearson test was used to assess data 
normality. The mean and standard deviation (SD) were the dispersion measures used to 
describe continuous variables. Analysis of variance was used to compare variables with a 
normal distribution, and the Mann–Whitney U test was performed to compare variables 
with non-normal distribution. The chi-square test was used to compare the categorical 
variables. Associations between risk variables and long COVID outcomes were assessed 
using multiple logistic regression analysis. In addition, linear correlation using Pearson’s 
coefficient was used to evaluate correlations between the acute hospitalisation period and 
leucocyte series count in long COVID. Statistical significance was defined as a two-tailed 
P-value of <0.05. 

3. Results 
Of the 260 selected patients, the majority were female (n=166) and not elderly (n=198), 

with 34.2% being hospitalised in COVID-19 acute phase (n=89). Fatigue (n=181), dyspnoea 
(n=176), and muscle weakness (n=159) were the most self-reported long COVID symp-
toms. The mean long COVID period was 308.1 days (SD, 171.5) with a mean of approxi-
mately six concomitant symptoms (mean ± SD, 6.1 ± 3.3). The longest reported long 
COVID period was 985 days. Most of the mean laboratory levels were within the reference 
ranges; however, the mean ESR levels increased, and the mean PDW levels were below 
the minimum adopted threshold (Table 1 and Supplementary Table S1). Only four pa-
tients (1.5%) presented with thrombocytopenia (platelet count, <150,000 thousand/mm3). 

Table 1. Clinical and laboratory profile in the study population. 

Variable n=260 

Female, n (%) 166 (63.8) 

Age, mean ± SD, years 49.2 ± 12.7 

     ≥60 years old, n (%) 62 (23.8) 

Hospitalised in acute phase, n (%) 89 (34.2) 

     Hospitalisation period(b), mean ± SD, days 18.8 ± 19.4 

Fatigue(c), n (%) 181 (69.6) 

Dyspnoea(c), n (%) 176 (67.6) 

Muscle weakness(c), n (%) 159 (61.1) 

Muscle pain(c), n (%) 149 (57.3) 

Headache(c), n (%) 136 (52.3) 
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Loss of balance(c), n (%) 119 (45.7) 

Insomnia(c), n (%) 113 (43.4) 

Chest pain(c), n (%) 110 (42.3) 

Visual disturbances(c), n (%) 105 (40.3) 

Cough(c), n (%) 91 (35) 

Tremor(c), n (%) 79 (30.3) 

Lower limb edema(c), n (%) 73 (28) 

Palate and olfactory disorders(c), n (%) 62 (23.8) 

Arthralgia(c), n (%) 41 (15.7) 

Number of long COVID symptoms, mean ± SD  6.1 ± 3.3 

     ≤6 symptoms, n (%) 141 (54.2) 

     >6 symptoms, n (%) 119 (45.7) 

Long COVID period, mean ± SD, days 308.1 ± 171.5 

     ≤90 days, n (%) 31 (11.9) 

     ≤180 days, n (%) 60 (23) 

     >365 days, n (%) 88 (33.8) 

RBCs, mean ± SD, millions/mm³ 4.7 ± 0.6 

Haemoglobin, mean ± SD, g/dL 13.1 ± 1.3 

Haematocrit, mean ± SD, % 39.2 ± 4.1 

MCV, mean ± SD, fL 84 ± 9 

MCH, mean ± SD, pg 28.3 ± 3.3 

MCHC, mean ± SD, % 33.6 ± 1.2 

RDW, mean ± SD, % 13.7 ± 1.3 

ESR, mean ± SD, mm 40.4 ± 26.4 

WBCs, mean ± SD, thousands/mm³ 6.8 ± 2.1 

Neutrophils, mean ± SD, thousands/mm³ 4.1 ± 1.4 

Eosinophils, mean ± SD, /mm³ 220.4 ± 119.3 

Basophils, mean ± SD, /mm³ 30.6 ± 37 

Monocytes, mean ± SD, /mm³ 209.4 ± 111.1 

Lymphocytes, mean ± SD, thousands/mm³ 2.3 ± 1 

Platelets, mean ± SD, thousands/mm³ 302.7 ± 87.8 

MPV, mean ± SD, fL 8.5 ± 1 

Plateletcrit, mean ± SD, % 0.256 ± 0.073 

PDW, mean ± SD, % 16 ± 6.4 

PT, mean ± SD, s 12.3 ± 1.1 

PT activity, mean ± SD, % 96.1 ± 23 

aPTT, mean ± SD, s 30.2 ± 5.7 

Total, n (%) 260 (100) 

Values are expressed as the mean ± standard deviation (SD). (a) Heart, kidney, liver, 
or neurological diseases; (b) n=89; (c) shown for ≥4 weeks from symptom onset. RBCs, red 
blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; 
MCHC, mean corpuscular haemoglobin concentration; RDW, red cell distribution width; 
ESR, erythrocyte sedimentation rate; WBCs, white blood cells; MPV, mean platelet vol-
ume; PDW, platelet distribution width; PT, prothrombin time; aPTT, activated partial 
thromboplastin time. 
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Hospitalised patients in the acute COVID-19 phase presented with increased levels 
of RBCs, WBCs, eosinophils, lymphocytes, and platelets and increased percentages of 
RDW and plateletcrit compared with non-hospitalised patients (n=171). In patients with 
up to 90 days of long COVID (n=31), the MCV, MCH, and MCHC levels were lower than 
those in patients with long COVID for >90 days (n=229), which can also be observed when 
comparing patients with up to 180 days (n=60) and those with >180 days of long COVID 
(n=200). In contrast, patients with up to 365 days of long COVID (n=172) presented with 
increased levels of MCV, MCH, and MCHC. The RBC count and RDW percentages in-
creased in patients with up to 90 and 180 days of long COVID. Patients with more than six 
concomitant symptoms (n=119) presented with increased levels of WBCs, neutrophils, and 
lymphocytes, shorter PT, and higher PT activity (Table 2). 

Shorter periods of long COVID, such as up to 90 or 365 days, were associated with 
female sex, acute hospitalisation, and an increased platelet count. On the other hand, hav-
ing long COVID for >1 year was associated with a higher lymphocyte count and low hae-
moglobin levels. Female sex and acute hospitalisation were associated with more than six 
concomitant symptoms (Table 3). In hospitalised patients (n=89), the neutrophil, mono-
cyte, and lymphocyte levels were correlated with the hospitalisation period (Figure 2). 

 

  

 

 

 

 

Figure 2. Correlation between the white blood cell series levels and hospitalisation period among 
the 89 hospitalised patients. r, Pearson’s correlation coefficient. Created with BioRender.com. 

4. Discussion 
Our main findings suggest that the study population had, on average, a positive 

recovery in the haematological profile, even if symptoms of long COVID were reported 
for up to 985 days. Among the 89 hospitalised patients, there were higher mean levels of 
red/white cells and platelets and percentages of plateletcrit and RDW. In addition, 
haematimetric parameters, such as MCV, MCH, and MCHC, were higher in shorter 
periods of long COVID. Patients presenting with more than six concomitant long 
COVID symptoms had a higher WBC count, lower PT, and increased PT activity. More 
than 1 year of long COVID was associated with low haemoglobin levels and increased 
lymphocyte counts.
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Table 2. Comparison of the haematological levels and clotting parameters in the long COVID outcome groups. 

Variable 
Hospitalised in acute phase Long COVID period Number of long COVID symptoms 
Yes No p* ≤90 days >90 days p* ≤180 days >180 days p* ≤365 days >365 days p* ≤6 >6 p* 

RBCs, mean ± SD, millions/mm³ 4.8 ± 0.6 4.6 ± 0.6 0.0179 4.9 ± 0.5 4.6 ± 0.6 0.0104 4.8 ± 0.6 4.6 ± 0.6 0.0175 4.6 ± 0.6 4.7 ± 0.6 0.0943 4.6 ± 0.6 4.7 ± 0.6 0.7387 
Haemoglobin, mean ± SD, g/dL 13.3 ± 1.2 13.1 ± 1.3 0.1644 13.3 ± 1.5 13.1 ± 1.3 0.6262 13.2 ± 1.3 13.1 ± 1.3 0.4144 13.2 ± 1.2 13 ± 1.4 0.2598 13.2 ± 1.4 13.1 ± 1.2 0.5828 

Haematocrit, mean ± SD, % 39.5 ± 4 39 ± 4.1 0.6307 40.2 ± 3.6 39.1 ± 4.2 0.1340 39.8 ± 4.1 39 ± 4.1 0.2023 39.3 ± 4.1 39.1 ± 4.1 0.7379 39.3 ± 4.3 39 ± 3.8 0.5742 
MCV, mean ± SD, fL 83.3 ± 8.5 84.3 ± 9.2 0.0502 81.8 ± 5.7 84.3 ± 9.3 0.0160 82.6 ± 6.5 84.4 ± 9.5 0.0317 85.2 ± 7.5 81.5 ± 10.9 0.0018 84.9 ± 8.3 82.8 ± 9.5 0.0849 
MCH, mean ± SD, pg 28.1 ± 3.8 28.4 ± 3.1 0.0601 27.2 ± 2.2 28.5 ± 3.4 0.0053 27.6 ± 2.8 28.5 ± 3.5 0.0123 28.8 ± 3.2 27.4 ± 3.4 0.0019 28.6 ± 3.4 28 ± 3.2 0.0548 
MCHC, mean ± SD, % 33.6 ± 1.3 33.5 ± 1.2 0.4145 33 ± 0.8 33.6 ± 1.2 0.0023 33.3 ± 1.1 33.6 ± 1.2 0.0150 33.7 ± 1.3 33.3 ± 1.1 0.0270 33.6 ± 1.3 33.5 ± 1.1 0.5651 
RDW, mean ± SD, % 14.1 ± 1.1 13.4 ± 1.4 <0.0001 14.2 ± 0.8 13.6 ± 1.4 <0.0001 14.1 ± 1 13.5 ± 1.4 <0.0001 13.6 ± 1.4 13.7 ± 1.2 0.8452 13.7 ± 1.6 13.6 ± 1 0.2541 
ESR, mean ± SD, mm 41.6 ± 28.4 39.8 ± 25.3 0.8307 44.9 ± 22.9 39.8 ± 26.8 0.1164 44.9 ± 28.8 39 ± 25.5 0.1614 40 ± 24.8 41.2 ± 29.3 0.8974 41.4 ± 27.5 39.2 ± 25 0.6760 

WBCs, mean ± SD, 
thousands/mm³ 

7.2 ± 2.2 6.6 ± 2.1 0.0179 6.6 ± 1.6 6.9 ± 2.2 0.7055 6.9 ± 2.2 6.8 ± 2.1 0.8166 6.8 ± 1.9 6.9 ± 2.5 0.7137 6.5 ± 2.1 7.2 ± 2.2 0.0083 

Neutrophils, mean ± SD, 
thousands/mm³ 

4.3 ± 1.6 4 ± 1.4 0.2369 3.9 ± 1.1 4.1 ± 1.5 0.6755 4.2 ± 1.5 4.1 ± 1.4 0.6646 4.1 ± 1.3 4 ± 1.7 0.3108 3.9 ± 1.3 4.3 ± 1.6 0.0356 

Eosinophils, mean ± SD, /mm³ 232.7 ± 105.7 214 ± 125.7 0.0366 261.4 ± 85.6 214.9 ± 122.3 0.0017 232.6 ± 108.2 216.8 ± 122.5 0.1303 228.3 ± 124.1 205.1 ± 108.6 0.1653 216.5 ± 116.7 225.1 ± 122.8 0.6985 
Basophils, mean ± SD, /mm³ 28.4 ± 34.4 31.8 ± 38.4 0.4869 37 ± 36.3 29.7 ± 37.1 0.2224 29.3 ± 33.6 31 ± 38.1 0.9104 33.6 ± 36.3 24.8 ± 38 0.0268 29.3 ± 37 32.1 ± 37.2 0.4484 

Monocytes, mean ± SD, /mm³ 225.7 ± 121.3 200.9 ± 104.7 0.0938 164.4± 76.3 215.5 ± 113.7 0.0130 213.8 ± 142.8 208.1 ± 100 0.5884 204.6 ± 116.2 218.7 ± 100.3 0.0729 193.7 ± 89.2 228 ± 130.3 0.0703 
Lymphocytes, mean ± SD, 

thousands/mm³ 
2.5 ± 0.7 2.2 ± 1 <0.0001 2.2 ± 0.6 2.3 ± 1 0.4582 2.2 ± 0.8 2.3 ± 1 0.6933 2.2 ± 0.8 2.4 ± 1.2 0.1387 2.2 ± 1.1 2.4 ± 0.8 0.0281 

Platelets, mean ± SD, 
thousands/mm³ 

320 ± 101.1 293.6 ± 78.8 0.0486 339 ± 98.8 297.7 ± 85.2 0.0225 313.3 ± 98.5 299.4 ± 84.3 0.4683 295.7 ± 82.4 316.2 ± 96.4 0.1260 297.6 ± 87.4 308.6 ± 88.2 0.1854 

MPV, mean ± SD, fL 8.5 ± 0.8 8.6 ± 1.1 0.7327 8.5 ± 0.9 8.5 ± 1 0.6287 8.5 ± 0.8 8.5 ± 1.1 0.7758 8.5 ± 1 8.5 ± 1 0.6898 8.6 ± 1 8.5 ± 1 0.3808 
Plateletcrit, mean ± SD, % 0.270 ± 0.079 0.249 ± 0.068 0.0244 0.290 ± 0.091 0.251 ± 0.069 0.0151 0.267 ± 0.086 0.252 ± 0.068 0.3336 0.251 ± 0.073 0.266 ± 0.071 0.1437 0.254 ± 0.072 0.259 ± 0.073 0.4371 

PDW, mean ± SD, % 16.1 ± 0.7 15.9 ± 7.9 0.0819 16.1 ± 0.3 16 ± 6.8 0.3911 15.8 ± 1.3 16 ± 7.3 0.4211 15.4 ± 1.8 17 ± 10.7 0.8994 16.4 ± 8.6 15.5 ± 1.6 0.1396 
PT, mean ± SD, s 12.3 ± 1 12.4 ± 1.2 0.2488 12.6 ± 1.1 12.3 ± 1.1 0.1864 12.4 ± 1.1 12.3 ± 1.1 0.7004 12.3 ± 1.2 12.4 ± 0.9 0.7998 12.4 ± 1.1 12.2 ± 1.1 0.0380 

PT activity, mean ± SD, % 96.3 ± 19.2 95.9 ± 24.7 0.2439 91.5 ± 18.5 96.7 ± 23.5 0.3222 95.1 ± 19.5 96.4 ± 23.9 0.8425 97.2 ± 24.7 93.9 ± 19 0.7544 94.6 ± 23.9 97.8 ± 21.8 0.0443 
aPTT, mean ± SD, s 29.5 ± 4.9 30.6 ± 6.1 0.1334 29.6 ± 6.4 30.3 ± 5.6 0.5338 29.6 ± 5.4 30.4 ± 5.8 0.3875 30.3 ± 5.4 30.1 ± 6.2 0.9229 30.3 ± 4.5 30.1 ± 6.9 0.4766 

Total, n (%) 89 (34.2) 171 (65.7) - 31 (11.9) 229 (88) - 60 (23) 200 (76) - 172 (66.1) 88 (33.8) - 141 (54.2) 119 (45.7) - 

*ANOVA and Mann–Whitney U tests were used to compare normal and non-normal continuous variables, respectively. Values are expressed as the mean ± 
standard deviation (SD). RBCs, red blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular 
haemoglobin concentration; RDW, red cell distribution width; ESR, erythrocyte sedimentation rate; WBCs, white blood cell; MPV, mean platelet volume; PDW, 
platelet distribution width; PT, prothrombin time; aPTT, activated partial thromboplastin time. 
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Table 3. Association between the haematological and clotting abnormalities and long COVID outcomes. 

Variables 

 

Long COVID outcomes 
Long COVID period >90 days (n=229) Long COVID period >365 days (n=88) Number of long COVID symptoms >6 (n=119) 

Coefficient p-value Odds ratio Coefficient p-value Odds ratio Coefficient p-value Odds ratio 
Female gender 0.9822 0.0337 2.6703 -0.4808 0.1180 0.6183 0.7387 0.0179 2.0931 
Age ≥60 years -0.3446 0.4360 0.7085 -0.3289 0.3320 0.7197 -0.6762 0.0384 0.5086 

Hospitalisation in acute phase -0.9319 0.0395 0.3938 -0.6692 0.0399 0.5121 1.2739 < 0.0001 3.5748 
Long COVID period, ≤90 days - - - - - - -0.1852 0.6724 0.8310 

RBCs <4 million/mm3 1.8704 0.0906 6.4909 -0.7894 0.1112 0.4541 -0.1674 0.6939 0.8459 
Haemoglobin <12 g/dL -0.2671 0.6735 0.7656 1.0673 0.0057 2.9076 -0.2053 0.5918 0.8144 

Neutrophils >5 thousands/mm3 -0.0267 0.9585 0.9737 -0.6306 0.0718 0.5322 0.4955 0.1261 1.6414 
Lymphocytes >2,5 thousands/mm3 1.1104 0.0508 3.0355 0.6254 0.0495 1.8690 0.0559 0.8567 1.0575 

Platelets >450 thousands/mm3 -2.1664 0.0012 0.1146 0.3219 0.5889 1.3797 -0.3558 0.5662 0.7006 
 
 
Probability prediction of long COVID clinical and laboratory outcomes using multiple logistic regression. RBCs, red blood cells. 
 
 
 
 
 
 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 February 2023                   doi:10.20944/preprints202302.0469.v1

https://doi.org/10.20944/preprints202302.0469.v1


 

Evidence indicates that thrombocytopenia and anaemia influence the severity of 
acute COVID-19 [7-9], increasing the risk of fatal outcomes. Furthermore, immune throm-
bocytopenia was reported 4 weeks after the onset of COVID-19 symptoms, even if limited 
to 1-week maximum [5]. In contrast, in the present study, patients who were hospitalised 
during the acute phase of COVID-19, which can characterise a more severe acute involve-
ment, presented with higher levels of haematological markers in the long COVID phase 
than those who were not hospitalised. This suggests homeostatic compensation in the 
convalescence phase after hospital discharge, which is further corroborated by the 
haematimetric parameters that tend to increase over the months, at least until the first year 
of long COVID, and with a higher RBC count and RDW percentages in lower periods of 
long COVID. 

In acute COVID-19, leucocytosis and lymphopenia are frequent findings [10,11], 
making the WBC count indicative of severity, whereas the normalisation of lymphocyte 
levels suggests convalescence [12-14]. Here, in both worse outcome groups, patients with 
more than six simultaneous long COVID symptoms, and patients hospitalised in the acute 
phase, an increase in WBC count was observed, with higher levels mainly of lymphocytes, 
in addition to increased coagulation activity, when compared with its counter groups. In 
the same way that the red series behaved in this study, this increase suggests a response 
that exacerbates the effects of the acute disturbance emerging in the long COVID phase 
[6]; however, further investigations are needed. 

This study has several limitations. Having additional study groups, such as the con-
trol group of patients without long-term symptoms, would allow interesting comparisons 
regarding the haematological status of patients with long COVID. Furthermore, assessing 
the patient’s haematological profile at the time of the COVID-19 acute phase could indi-
cate the course of the haematological implications of long COVID, which was not per-
formed in this study. However, to our knowledge, this is the first study to provide clues 
about the haematological condition of patients with prolonged symptoms of COVID-19 
long after the acute phase, demonstrating profiles of important markers in determining 
the severity of the involvement of SARS-CoV-2 within up to 985 days prior to the onset of 
symptoms. 

Analysing recognisably impactful severity-predictor markers of COVID-19 in post-
acute scenarios is extremely important to identify possible long-term changes in the hae-
matological system. Therefore, observing abnormalities in screening markers, such as 
those investigated here, is an important strategy to identify more severe haematological 
diseases in the future, long after the acute SARS-CoV-2 infection. Moreover, relating the 
profile of these markers to clinical outcomes in patients with long COVID provides a gen-
eral overview for future studies that aim to build a risk stratification for patients with 
several months of long COVID. 

5. Conclusions 
We evaluated how the laboratory haematological levels behave in patients present-

ing with long-term COVID-19 symptoms for up to 985 days. Hospitalised patients pre-
sented with increased levels of haematological parameters, such as higher mean levels of 
RBCs and platelets, which suggests a benign compensation after the acute COVID-19 
phase. In the groups with worse long COVID outcomes, such as the hospitalisation group 
itself, or the group with more simultaneous symptoms, increased levels of WBCs and lym-
phocytes and a shorter PT were observed, which can also indicate an exacerbated response 
to acute involvement; however, it is uncertain. These findings provide an interesting in-
sight into the haematological profile of long COVID while promoting reflection for future 
studies. It is suggested that future investigations address the issue of increased leucocyte 
and lymphocyte levels, as well as increased coagulation activity, even 4 weeks after the 
onset of symptoms. In addition, follow-up studies of long COVID are important, as they 
would help to better visualise long-term haematological changes. 

Supplementary Materials: The following supporting information can be downloaded at the website 
of this paper posted on Preprints.org. Table S1: Adopted reference ranges for laboratory exams. 
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