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Figure S1.Production of the SARS-CoV-2 receptor binding domain protein and Anti-SARS-CoV-2 RBD IgG profiles 
of individuals with COVID-19 according to disease severity classification. (a) chromatogram corresponding to 
the purification of the RBD SARS-CoV-2 protein from lineage B (Hu-1). (b) SDS-PAGE gel performed with fractions 
eluted from affinity chromatography, the band with molecular weight corresponding to the protein of interest is 
marked with a red asterisk (*). The molecular weight marker (MPM) was Prestained Protein Marker Broad Range 
(Cell Signaling Technology®). The molecular weight of the B-lineage RBD proteins (Hu-1) is 30.6 kDa. mAU stands 
for milli absorbance units. (c) The operating characteristic curve (ROC), based on the OD test/ OD negative control 
(CN) ratio, was used to determine the sensitivity (92,45%), specificity (97%), and area under the ROC curve (AUC) 
of the in-house indirect ELISA test. (d) Frequency of IgG anti-RBD SARS-CoV-2 antibodies detection in serum 
samples from 72 individuals hospitalized for mild and severe COVID-19. Each individual had more than one sample 
collected during hospitalization, totaling 572 samples from 65 seropositive individuals and 44 samples from 7 
seronegative individuals. The dotted line represents the test cut-off (4,139).
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Figure S2. Variations in serological markers of individuals with COVID-19 according to disease severity 
classification. a) frequency of individuals with mild and severe COVID-19 and positive for the detection of anti-
RBD IgG antibodies with values   above (dark blue column) and below (orange column) the reference for creatine 
kinase, b) hemoglobin, c) lymphocyte count, d) leukocyte count, e) platelet count, f) blood glucose, g) aspartate 
aminotransferase, h) alanine aminotransferase, and i) c-reactive protein.

Figure S3. Evaluation of the 
LDA-SVC model classification 
through their characteristic 
ROC curves, considering the 
confidence interval for 3 fold 
and 5 fold cross validations.



Table SI. Full data set used in the study.

Lima et al_Supplementary Table SI

Research 
number

3fbe4b Red blood cells Hemoglobin Hematocrit Leukocytes Neutrophils Eosinophils Basophils T-lymphocytes
Activated 

lymphocytes
Monocytes* Platelets Sed rate

Prothrombin 
activity*

Prothrombin 
time

INR (International 
normalised ratio)*

Thromboplastin
TTPA (Activated partial 
thromboplastin time)*

D-dimer Fibrinogen Glycemia Urea Creatinine Sodium Potassium Calcium Magnesium Serum iron* Ferritin* Myoglobin
ALT (Alanine 

aminotransferase)
Phosphokinase

Creatine 
phosphokinase

LDH (Lactate 
dehydrogenase)

Alkaline 
phosphatase

AST (Aspartate 
aminotransferase)

Troponin I
GGT (Gamma-glutamyl 

transferase)
Total bilirubin Direct bilirubin Indirect bilirubin Albumin

CRP (C-reactive 
protein)

Severity**

134 15 374.0 89.0 267.0 7400.0 4736.0 0.0 0.0 160.0 0.0 180.0 154000.0 50.0 1390.0 8400.0 112.0 6070.0 179.0 0.94 630.0 116.0 29.0 113.0 130.0 46.0 83.0 24.0 65.0 45736.0 39.4 190.0 18.0 388.0 659.0 21.0 153.0 8.0 92.0 90 60 30 35.0 20.05 0

135 16 498.0 138.0 415.0 6000.0 5160.0 0.0 0.0 80.0 0.0 60.0 273000.0 75.0 1230.0 10000.0 100.0 3830.0 113.0 0.51 611.0 201.0 66.0 147.0 134.0 43.0 81.0 22.0 79.0 138240.0 42.0 63.0 44.0 711.0 237.0 165.0 42.0 5.0 240.0 40 10 30 31.0 6.68 1

151 17 361.0 109.0 333.0 9700.0 8633.0 0.0 0.0 70.0 0.0 40.0 188000.0 45.0 1420.0 8100.0 115.0 4490.0 132.0 1.16 879.0 171.0 27.0 87.0 135.0 42.0 78.0 20.0 37.0 9212.0 17.0 156.0 24.0 83.0 438.0 102.0 134.0 8.0 381.0 40 20 20 27.0 22.78 0

160 18 369.0 116.0 345.0 3700.0 3330.0 0.0 0.0 30.0 20.0 40.0 192000.0 65.0 124.0 10000.0 100.0 4240.0 125.0 1.56 647.0 113.0 80.0 214.0 129.0 45.0 79.0 22.0 23.0 57741.0 120.0 34.0 14.0 130.0 477.0 75.0 66.0 18.0 113.0 0.4 0.2 0.2 31.0 6.72 1

183 19 531.0 146.0 452.0 7800.0 5850.0 0.0 0.0 190.0 0.0 30.0 183000.0 10.0 1300.0 9600.0 103.0 2910.0 86.0 0.73 427.0 123.0 60.0 130.0 138.0 47.0 78.0 21.0 26.0 4668.0 15.0 34.0 15.0 23.0 199.0 90.0 23.0 5.0 78.0 30 10 0.2 33.0 3.02 1

189 21 503.0 135.0 397.0 6300.0 5103.0 0.0 0.0 110.0 0.0 30.0 171000.0 18.0 1200.0 10000.0 100.0 3540.0 104.0 1.24 588.0 118.0 15.0 80.0 131.0 38.0 79.0 21.0 19.0 4869.0 9.0 53.0 23.0 48.0 450.0 80.0 65.0 5.0 278.0 40 20 20 39.0 7.34 0

203 24 340.0 84.0 268.0 15900.0 10971.0 80.0 0.0 120.0 0.0 80.0 355000.0 150.0 1230.0 10000.0 100.0 4050.0 119.0 1.6 658.0 86.0 58.0 125.0 141.0 39.0 99.0 24.0 23.0 3212.0 118.8 37.0 18.0 153.0 286.0 140.0 29.0 915.0 49.0 20 10 10 32.0 4.16 1

204 24 350.0 88.0 274.0 9700.0 7052.0 33.0 2.0 181.0 0.0 57.0 357000.0 125.0 1320.0 9300.0 105.0 4650.0 137.0 1.02 679.0 86.0 38.0 121.0 145.0 44.0 99.0 24.0 23.0 3384.0 118.8 30.0 26.0 267.0 280.0 128.0 23.0 131.0 44.0 20 10 10 32.0 2.98 1

210 25 562.0 144.0 442.0 5900.0 4254.0 7.0 3.0 226.0 10.0 43.0 154000.0 22.0 1220.0 10000.0 100.0 3900.0 115.0 0.62 547.0 220.0 36.0 113.0 129.0 44.0 85.0 21.0 24.0 20951.0 79.1 46.0 29.0 768.0 305.0 67.0 42.0 12.0 123.0 60 20 40 41.0 3.46 1

232 26 418.0 117.0 351.0 4000.0 3160.0 60.0 0.0 60.0 0.0 60.0 129000.0 25.0 1290.0 9700.0 102.0 4770.0 140.0 0.58 658.0 124.0 24.0 126.0 134.0 36.0 85.0 23.0 70.0 16353.0 40.2 60.0 7.0 64.0 298.0 141.0 52.0 8.0 269.0 40 20 20 34.0 13.64 0

238 27 479.0 124.0 387.0 7900.0 6399.0 10.0 0.0 100.0 0.0 70.0 355000.0 85.0 1450.0 7800.0 118.0 3130.0 92.0 5.67 563.0 103.0 66.0 96.0 143.0 45.0 96.0 24.0 47.0 12948.0 67.4 62.0 14.0 81.0 500.0 89.0 67.0 50.0 180.0 40 20 20 36.0 5.59 0

252 29 386.0 119.0 351.0 3200.0 2496.0 20.0 0.0 140.0 0.0 60.0 138000.0 40.0 1240.0 10000.0 100.0 4020.0 118.0 1.44 561.0 95.0 48.0 93.0 140.0 41.0 81.0 25.0 55.0 3402.0 103.4 47.0 16.0 74.0 407.0 244.0 67.0 13.0 397.0 40 30 10 30.0 11.53 1

263 30 438.0 134.0 391.0 8100.0 6561.0 20.0 0.0 120.0 0.0 30.0 305000.0 14.0 1320.0 9300.0 105.0 3370.0 99.0 1.21 679.0 106.0 22.0 84.0 134.0 46.0 91.0 22.0 78.0 8697.0 21.0 36.0 14.0 55.0 272.0 74.0 26.0 5.0 101.0 30 10 20 33.0 8.41 1

367 43 349.0 100.0 294.0 9100.0 8008.0 0.0 0.0 60.0 0.0 50.0 229000.0 59.0 1490.0 7400.0 122.0 4730.0 139.0 1.21 791.0 340.0 55.0 123.0 131.0 46.0 91.0 24.0 51.0 22132.0 40.4 24.0 16.0 29.0 302.0 88.0 23.0 26.0 36.0 50 20 30 28.0 14.84 0

381 44 378.0 106.0 321.0 12800.0 11520.0 0.0 0.0 70.0 10.0 20.0 226000.0 95.0 1260.0 10000.0 100.0 2960.0 87.0 4.0 354.0 134.0 110.0 545.0 136.0 50.0 91.0 26.0 41.0 1828.0 174.2 21.0 18.0 129.0 283.0 109.0 19.0 50.0 133.0 20 10 10 30.0 0.98 0

419 47 418.0 129.0 382.0 11600.0 9048.0 20.0 0.0 60.0 0.0 20.0 84000.0 42.0 1680.0 6000.0 143.0 5150.0 151.0 0.73 645.0 197.0 47.0 131.0 130.0 44.0 84.0 24.0 156.0 14499.0 106.7 78.0 13.0 90.0 208.0 112.0 36.0 50.0 458.0 220 190 30 27.0 21.3 0

423 48 372.0 108.0 328.0 12400.0 10416.0 0.0 0.0 60.0 0.0 40.0 155000.0 29.0 1540.0 7000.0 128.0 4910.0 144.0 1.31 923.0 129.0 27.0 96.0 137.0 42.0 88.0 20.0 14.0 4793.0 34.0 31.0 11.0 22.0 207.0 104.0 15.0 5.0 70.0 70 40 30 26.0 34.75 1

436 49 407.0 122.0 345.0 7600.0 5244.0 0.0 0.0 230.0 10.0 50.0 530000.0 25.0 1350.0 8900.0 108.0 3240.0 95.0 1.48 791.0 152.0 51.0 83.0 141.0 39.0 92.0 23.0 94.0 9611.0 32.1 51.0 15.0 28.0 234.0 133.0 29.0 6.0 220.0 30 10 20 22.0 21.03 0

468 54 442.0 123.0 378.0 7700.0 6930.0 10.0 0.0 50.0 0.0 40.0 254000.0 6.0 1340.0 9600.0 102.0 4080.0 120.0 0.44 862.0 282.0 115.0 225.0 131.0 55.0 100.0 26.0 19.0 33851.0 64.4 25.0 9.0 87.0 245.0 80.0 32.0 12.0 87.0 20 10 10 29.0 22.4 1

489 55 488.0 135.0 416.0 8100.0 7452.0 0.0 0.0 60.0 0.0 20.0 262000.0 30.0 1250.0 10000.0 100.0 374.0 110.0 0.24 472.0 159.0 37.0 100.0 140.0 41.0 101.0 21.0 58.0 2489.0 29.2 18.0 18.0 81.0 223.0 56.0 17.0 16.0 25.0 30 10 20 41.0 1.72 0

492 56 394.0 113.0 331.0 10400.0 8112.0 0.0 0.0 120.0 0.0 50.0 207000.0 40.0 1320.0 9900.0 101.0 3280.0 96.0 0.66 720.0 196.0 30.0 85.0 133.0 45.0 86.0 23.0 142.0 23659.0 18.0 104.0 15.0 42.0 396.0 86.0 74.0 5.0 133.0 20 10 10 27.0 24.55 0

526 60 475.0 135.0 408.0 3200.0 2528.0 0.0 0.0 180.0 0.0 30.0 181000.0 20.0 1260.0 10000.0 100.0 3560.0 105.0 1.59 531.0 126.0 20.0 65.0 136.0 31.0 84.0 23.0 39.0 12065.0 23.3 170.0 20.0 68.0 415.0 175.0 205.0 5.0 284.0 170 120 50 37.0 2.52 1

535 61 442.0 135.0 406.0 3300.0 2049.0 5.0 7.0 280.0 0.0 87.0 63000.0 20.0 1400.0 8800.0 108.0 4810.0 141.0 12.74 251.0 110.0 34.0 121.0 133.0 46.0 73.0 22.0 153.0 632691.0 271.9 90.0 69.0 4040.0 728.0 69.0 192.0 11.0 168.0 530 50 480 35.0 2.14 1

547 63 422.0 118.0 354.0 9800.0 8134.0 10.0 0.0 110.0 0.0 30.0 279000.0 80.0 1310.0 10000.0 100.0 5430.0 160.0 1.26 587.0 91.0 25.0 97.0 140.0 42.0 78.0 18.0 13.0 6043.0 21.0 42.0 15.0 48.0 312.0 116.0 62.0 24.0 299.0 30 20 10 24.0 13.27 0

552 64 445.0 127.0 373.0 6300.0 5481.0 10.0 0.0 80.0 0.0 40.0 276000.0 110.0 1280.0 10000.0 100.0 5520.0 162.0 0.68 656.0 142.0 37.0 66.0 143.0 32.0 81.0 18.0 20.0 13377.0 21.0 91.0 25.0 45.0 529.0 61.0 70.0 5.0 136.0 30 10 20 27.0 17.79 1

572 65 414.0 123.0 388.0 8300.0 6889.0 30.0 0.0 60.0 0.0 60.0 159000.0 5.0 1360.0 9300.0 104.0 3510.0 103.0 0.84 305.0 137.0 35.0 110.0 141.0 39.0 90.0 20.0 91.0 3631.0 54.1 23.0 11.0 70.0 198.0 81.0 25.0 10.0 59.0 40 10 30 37.0 1.32 0

596 70 455.0 123.0 360.0 7700.0 3542.0 170.0 0.0 310.0 0.0 60.0 312000.0 41.0 1330.0 9800.0 101.0 4070.0 120.0 0.2 370.0 128.0 33.0 81.0 145.0 48.0 91.0 24.0 48.0 3432.0 24.4 20.0 22.0 98.0 201.0 85.0 20.0 5.0 22.0 20 10 10 37.0 1.0 1

600 71 338.0 81.0 259.0 10100.0 8989.0 0.0 0.0 70.0 0.0 30.0 276000.0 12.0 1420.0 8600.0 110.0 3630.0 107.0 0.94 635.0 162.0 49.0 168.0 141.0 52.0 89.0 19.0 41.0 650.0 96.3 15.0 41.0 79.0 215.0 70.0 26.0 47.0 34.0 20 10 10 32.0 1.32 1

606 72 394.0 113.0 349.0 14700.0 13524.0 10.0 0.0 40.0 0.0 30.0 170000.0 12.0 1480.0 7900.0 116.0 5060.0 149.0 0.33 510.0 144.0 82.0 259.0 135.0 44.0 97.0 21.0 89.0 1680.0 153.3 16.0 21.0 94.0 207.0 93.0 18.0 55.0 27.0 40 20 20 33.0 10.89 0

609 73 402.0 112.0 348.0 15000.0 11250.0 0.0 0.0 160.0 0.0 70.0 209000.0 30.0 1420.0 8600.0 110.0 4220.0 124.0 1.38 745.0 120.0 51.0 122.0 135.0 44.0 78.0 18.0 20.0 7429.0 41.0 29.0 41.0 72.0 449.0 62.0 38.0 9.0 52.0 60 20 40 30.0 16.23 0

630 77 500.0 143.0 432.0 7600.0 6612.0 10.0 0.0 60.0 0.0 50.0 111000.0 40.0 1410.0 8700.0 109.0 3510.0 103.0 0.56 561.0 142.0 69.0 124.0 135.0 33.0 80.0 21.0 46.0 16102.0 48.2 62.0 17.0 45.0 378.0 30.0 51.0 14.0 116.0 30 10 20 27.0 10.46 0

641 78 319.0 96.0 294.0 11000.0 8910.0 10.0 0.0 110.0 0.0 70.0 232000.0 115.0 1410.0 8700.0 109.0 3670.0 108.0 2.59 655.0 209.0 53.0 127.0 128.0 35.0 71.0 13.0 64.0 2772.0 69.8 22.0 11.0 91.0 252.0 67.0 24.0 141.0 84.0 90 30 60 29.0 12.23 1

657 79 389.0 118.0 359.0 8500.0 7225.0 10.0 0.0 90.0 0.0 40.0 300000.0 35.0 1400.0 8800.0 108.0 3500.0 103.0 1.83 503.0 88.0 51.0 73.0 131.0 41.0 77.0 21.0 20.0 10825.0 86.3 100.0 9.0 44.0 198.0 140.0 99.0 21.0 197.0 70 50 20 26.0 2.95 1

664 79 425.0 130.0 396.0 6700.0 5494.0 10.0 0.0 100.0 0.0 50.0 277000.0 45.0 1330.0 9800.0 101.0 3450.0 101.0 3.18 586.0 88.0 35.0 84.0 127.0 52.0 77.0 21.0 20.0 13514.0 86.3 103.0 18.0 38.0 281.0 158.0 108.0 16.0 187.0 90 50 40 34.0 5.98 1

665 80 413.0 120.0 378.0 22000.0 18040.0 20.0 0.0 100.0 0.0 50.0 350000.0 50.0 1490.0 7800.0 117.0 3150.0 93.0 3.38 864.0 107.0 28.0 64.0 134.0 42.0 82.0 19.0 30.0 2759.0 28.1 43.0 12.0 16.0 228.0 104.0 43.0 29.0 82.0 60 20 40 25.0 38.63 1

704 86 256.0 85.0 258.0 6577.0 1381.0 0.0 0.0 400.0 0.0 50.0 18000.0 115.0 1530.0 7500.0 121.0 3820.0 112.0 3.13 371.0 93.0 42.0 170.0 141.0 42.0 84.0 23.0 94.0 7309.0 112.0 16.0 16.0 113.0 666.0 66.0 38.0 22.0 54.0 50 10 40 36.0 6.63 0

722 88 432.0 117.0 362.0 9800.0 7546.0 10.0 0.0 170.0 0.0 40.0 229000.0 11.0 1350.0 9500.0 103.0 4340.0 128.0 1.38 342.0 159.0 61.0 165.0 140.0 48.0 86.0 18.0 39.0 930.0 134.9 67.0 22.0 93.0 242.0 159.0 51.0 25.0 189.0 160 40 120 39.0 0.26 0

731 90 322.0 105.0 331.0 10700.0 9202.0 0.0 0.0 130.0 0.0 10.0 265000.0 35.0 1430.0 8600.0 110.0 3490.0 103.0 0.39 418.0 435.0 68.0 149.0 133.0 45.0 88.0 18.0 66.0 5181.0 31.8 44.0 13.0 45.0 204.0 86.0 24.0 16.0 12.0 60 10 50 38.0 1.98 0

746 91 335.0 76.0 257.0 6200.0 4650.0 10.0 0.0 140.0 0.0 80.0 158000.0 65.0 1550.0 7300.0 122.0 363.0 107.0 2.25 284.0 93.0 12.0 74.0 139.0 27.0 78.0 27.0 18.0 212.0 71.4 30.0 41.0 858.0 244.0 161.0 62.0 17.0 46.0 40 10 30 30.0 7.55 0

759 94 480.0 133.0 410.0 17800.0 14240.0 20.0 0.0 70.0 0.0 100.0 334000.0 57.0 1430.0 8600.0 110.0 4080.0 120.0 2.87 819.0 112.0 42.0 117.0 133.0 39.0 82.0 23.0 51.0 4015.0 147.6 13.0 43.0 118.0 198.0 41.0 17.0 13.0 25.0 40 10 30 31.0 28.05 0

766 95 377.0 106.0 335.0 20900.0 18183.0 0.0 0.0 110.0 0.0 20.0 282000.0 40.0 1570.0 7100.0 124.0 4630.0 136.0 0.45 457.0 101.0 66.0 160.0 137.0 28.0 83.0 24.0 77.0 1971.0 45.3 26.0 11.0 111.0 189.0 58.0 26.0 37.0 28.0 70 20 50 31.0 13.49 0

784 97 282.0 83.0 250.0 4000.0 2080.0 0.0 0.0 380.0 0.0 100.0 49000.0 105.0 1340.0 9900.0 101.0 2860.0 84.0 1.27 348.0 189.0 51.0 129.0 136.0 46.0 86.0 14.0 134.0 3471.0 21.0 18.0 21.0 20.0 249.0 43.0 16.0 6.0 65.0 30 10 20 34.0 0.88 1

* Subset of features predicted by ANOVA and mutual information methods.

** 0: mild; 1: severe.



TAYNÁ E. LIMA et al. COVID-19 SEVERITY PREDICTION FROM BLOOD TESTS

An Acad Bras Cienc (2024) 96(2) e20230894 4 | 4 

Table SII. Collinearity statistics from the linear regression model.

Tolerance VIF*

Monocytes 0.828 1.208

Ferritin 0.672 1.489

Serum Iron 0.572 1.749

INR 0.023 42.701

ATTP 0.07 1.298

Prothrombin activity 0.025 39.322
*Variance inflation factor: The ratio of the variance of a parameter estimate in a model that includes multiple terms compared to 
the variance of a model that includes only one term.

Table SIII. Logistic regression model’s coefficient.

95% C.I for EXP()

Standard 
Error Z(Wald) df Sig. EXP() Lower Upper

Monocytes 0.028 0.026 1.172 1 0.279 1.028 0.978 1.082

Ferritin 0.000 0.000 1.968 1 0.161 1.000 1.000 1.000

Serum Iron -0.71 0.030 5.585 1 0.018 0.931 0.878 0.988

ATTP -0.110 0.047 5.401 1 0.020 0.869 0.816 0.983

Prothrombin activity 0.03 0.001 6.226 1 0.013 1.003 1.001 1.005

Constant -11.980 6.998 2.931 1 0.087 0.000

β = Logistic regression coefficient; Z(Wald) = Statistical relevance of β coefficient; df = Degrees of freedom; Sig. = Z(Wald)-
associated p-value; EXP(β) = Exponential value of β.

Table SIV. Classification table considering a cut value of 0.5 for the prediction of severe and mild cases using 
logistic regression.

Severe Mild Percentage correct

Severe 17 3 85.0

Mild 5 14 73.7

Overall Percentage 79.5


