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Dynamic change of IgG titers in hospitalized patients with coronavirus disease 2019: a group-based trajectory analysis
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[ Abstract ] Objective To study the dynamic trajectories of quantitative immunoglobulin G (IgG) titers of
hospitalized coronavirus disease 2019 (COVID-19) patients and reveal the immune process of the organism after infection.
Methods The clinical data and quantitative IgG titers at different time points of hospitalized COVID-19 patients in Wuhan
Huoshenshan Hospital and Guanggu Branch of Maternity and Child Healthcare Hospital of Hubei Province from Feb. 5
to Apr. 15, 2020 were retrospectively analyzed. Group-based trajectory modeling was used to identify the subgroups from
time-series data of patients’ antibody titers, and then the clinical characteristics and outcomes were compared among these
trajectory groups. Results Totally, 734 patients who met the criteria were included. Three IgG trajectory groups were
identified from the antibody data: group 1 (consistently low group, 60 cases [ 8.17% ] ), group 2 (moderate group, 38 cases

[5.18%] ) and group 3 (high group, 636 cases [ 86.65%] ). The hospitalization days and the virus clearance time of patients
in the 3 groups were significantly different (both P<<0.001), those in group 1 were the shortest, while the all-cause mortality
and disease deterioration rate had no significant difference in the 3 groups (both P>0.05). Conclusion Patients with
different IgG antibody developmental trajectories may have heterogeneous prognosis and immune process. Patients with
consistently higher longitudinal antibody titers may require more medical attention.
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Tab 1 Baseline characteristics of COVID-19 patients enrolled in this study

Mild-moderate

Severe-critical

Index Total N=734 N=456 N=278 P value
Agelyear, M (O,, Op) 62.00 (51.00, 70.00) 58.00 (48.00, 67.00) 66.00 (57.00, 74.00) <0.001
Male, n (%) 387 (52.72) 230 (50.44) 157 (56.47) 0.112
Body weight'/kg, M (Q,, Oy) 65.00 (59.00, 72.50) 65.00 (58.00, 72.50) 65.00 (60.00, 73.00) 0.498
Pulse rate/min ', M (Q,, Q) 87.00 (80.00, 98.00) 88.00 (80.00, 99.00) 86.00 (78.00, 98.00) 0.194
Systolic blood pressure/mmHg, M (Q,, Q) 130.00 (120.00, 140.00) 130.00 (120.00, 140.00) 130.00 (120.00, 140.00) 0.706
Diastolic blood pressure/mmHg, X+ 81.60+11.01 82.134+10.58 80.72+11.65 0.091
Respiratory frequency/min "', M (Q;, Q) 20.00 (19.00, 20.00) 20.00 (19.00, 20.00) 20.00 (20.00, 22.00) <0.001
Basophil/(L™', X 10%), M (Q,, O,) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.541
Eosinophil/(L™", X10%), M (Q,, Q,) 0.12 (0.07,0.21) 0.13(0.08,0.21) 0.12 (0.05,0.21) 0.019
Hemoglobin/(g*L "), M (O,, Oy) 123.00 (111.00, 135.00) 125.00 (114.00, 136.00) 119.00 (108.00, 132.00) <<0.001
Lymphocyte/(L ', X 10%), M (Q,, Oy) 1.47 (1.06, 1.86) 1.57 (1.23, 1.94) 1.26 (0.83, 1.64) <0.001
Monocyte/(L ™", X 10°%), M (O,, Q) 0.4 (0.35, 0.56) 0.42 (0.35, 0.54) 0.47 (0.35, 0.60) 0.025
Neutrophil (L', X 10%), M (Q,, Q) 3.51(2.79, 4.90) 3.42(2.74, 4.35) 4.01 (2.96, 6.19) <0.001
Platelet/(L ", X 10°%), M (Q,, Q) 216.00 (176.00, 262.00) 213.50 (179.00, 258.50) 217.50 (165.00, 268.00) 0.931
Red blood cell/(L™", X10%), M (Q,, Ov) 3.96 (3.59, 4.34) 4.05 (3.66, 4.37) 3.89(3.51,4.22) <0.001
White blood cell/(L ™", X 10%), M (Q,, Q) 5.80 (4.90, 7.20) 5.70 (4.80, 6.90) 6.25 (4.90, 8.20) <0.001
Hematocrit/%, M (O, Op) 36.60 (33.40, 39.70) 37.30 (34.20, 40.20) 35.75 (32.80, 38.90) <0.001
Mean corpuscular hemoglobin/pg, M (Q,, O,)  31.20 (30.30, 32.10) 31.20 (30.40, 32.20) 31.10 (30.10, 32.00) 0.105
Mean corpuscular volume/fL, M (Q,, O,) 92.90 (90.20, 95.20) 93.00 (90.35, 95.05) 92.65 (89.80, 95.50) 0.795
Mean platelet volume/fL, M (QO,, Q) 10.00 (9.30, 10.90) 10.00 (9.30, 10.90) 10.10 (9.30, 10.90) 0.675
Alanine aminotransferase/(IU-L "), M (Q,, Q) 20.90 (13.80, 35.70) 21.10 (13.75, 34.60) 20.80 (14.30, 36.50) 0.468
Aspartate aminotransferase/( IU-L "), M (Q,, O,)  19.00 (15.20, 26.40) 18.50 (15.10, 24.80) 19.65 (15.40, 30.50) 0.022
Total protein/(g=L "), M (Q,, Op) 65.20 (60.80, 69.30) 66.20 (62.30, 70.20) 63.65 (58.10, 67.70) <0.001
Albumin/globulin, M (Q,, O,) 1.41 (1.23, 1.56) 1.45 (1.32, 1.59) 1.33 (1.16, 1.48) <0.001
Direct bilirubin/(umol<L ™ "), M (Q,, Q) 3.50 (2.60, 4.70) 3.30 (2.50, 4.40) 3.70 (2.80, 5.00) <0.001
Alkaline phosphatase/(IU*L™"), M (Q;, Q) 70.05 (59.00, 86.60) 67.95 (58.05, 83.95) 74.10 (62.40, 89.40) <0.001
y-glutamy] transpeptidase/(IU-L "), M (Q,, O,) 31.40 (21.20, 48.40) 27.90 (19.60, 44.95) 37.25 (24.60, 59.20) <0.001
Creatinine/(umol*L "), M (Q,, Q) 65.25 (55.50, 77.10) 65.90 (56.20, 77.40) 64.15 (53.50, 76.10) 0.211
Uric acid/(umol*L "), M (Q,, O.) 285.50 (222.00, 350.00) 298.50 (236.00, 366.00) 261.00 (194.00, 331.00) <<0.001
Urea/(mmol-L "), M (Q,, 0) 4.50 (3.61, 5.77) 430 (3.61,5.27) 4.88 (3.61, 6.32) <0.001
Total biliary acid/(umol=L "), M (Q,, O,) 4.10 (2.50, 6.70) 3.90 (2.50, 6.60) 4.45 (2.50, 6.80) 0.412
Total bilirubin/(umolL "), M (Q,, Q) 9.85 (7.60, 12.80) 10.00 (7.60, 12.90) 9.40 (7.50, 12.60) 0.561
CK-MB/(IU-L" "), M (Q,, O,) 8.50 (6.90, 11.20) 8.20 (6.80, 10.50) 9.20 (7.30, 12.00) <0.001
Albumin/(gL™"), M (Q,, Q) 38.20 (35.00, 40.70) 39.20 (36.50, 41.65) 35.70 (32.10, 38.80) <0.001
Lactate dehydrogenase/(TU-L "), M (Q,, Q,)  180.45 (156.30, 222.50) 170.50 (148.40, 196.20) 207.90 (174.70, 274.50) <0.001
C reactive protein/(mg*L "), M (Q,, Q) 2.51(0.92, 11.10) 1.74 (0.70, 4.21) 6.38 (1.74,39.71) <0.001
D-dimer/(mg-L""), M (Q,, Oy) 0.46 (0.23, 1.02) 0.34(0.18, 0.61) 0.86 (0.45, 1.93) <0.001
Interleukin 6/(pgemL "), M (Q,, Q) 1.92 (1.50, 5.88) 1.50 (1.50, 3.51) 3.85(1.50, 15.46) <0.001
COPD, n (%) 12 (1.63) 5(1.10) 7 (2.52) 0.228
Malignancy, 7 (%) 10 (1.36) 4 (0.88) 6(2.16) 0.191
Diabetes mellitus, 7 (%) 130 (17.71) 59 (12.94) 71 (25.54) <0.001
Hypertension, 7 (%) 240 (32.70) 122 (26.75) 118 (42.45) <0.001
Cough, n (%) 442 (60.22) 271 (59.43) 171 (61.51) 0.576
Fatigue, n (%) 258 (35.15) 147 (32.24) 111 (39.93) 0.034
Fever, n (%) 463 (63.08) 287 (62.94) 176 (63.31) 0.920
Sputum production, 7 (%) 36 (4.90) 24 (5.26) 12 (4.32) 0.565
Gasp, n (%) 140 (19.07) 75 (16.45) 65 (23.38) 0.020
Hospital stay/d, M (O, Op) 18.00 (13.00, 26.00) 16.00 (12.00, 23.00) 23.00 (15.00, 35.00) <0.001
Virus clearance time/d, M (0, 0,) 50.00 (37.00, 60.00)  49.00 (36.00, 60.00)  51.00 (40.00, 61.00) 0.035

" The data of 51 cases were missing, including 13 in the mild-moderate group and 38 in the severe-critical group. 1 mmHg=
0.133 kPa. COVID-19: Coronavirus disease 2019; CK-MB: Creatine kinase-myocardial band; COPD: Chronic obstructive pulmonary
disease; M (Q,, Op): Median (low quartile, upper quartile).
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Tab 2 Performance indicators for choosing the best number of groups
N‘;(‘)?;fs"f Group  AvePP  Trajectory size/% pr]if)ggi‘ﬁttey(}% OCC  BICn=T734 AIC LL
2 1 1.00 8.86 8.86 38469.36  —559.06 —545.27 —539.27
2 1.00 91.14 91.14 947.25 —559.06 —545.27 —539.27
3 1 1.00 8.17 8.19 364271 —399.03 —376.04 —366.04
2 0.92 5.18 5.79 21346  —399.03 —376.04 —366.04
3 0.99 86.65 86.02 13.28  —399.03 —376.04 —366.04
4 1 0.99 8.31 8.23 1107.68  —356.76 —329.17 —317.17
2 0.83 6.68 8.03 67.02  —356.76 —329.17 —317.17
3 0.97 83.65 82.06 638  —356.76 —329.17 —317.17
4 0.98 1.36 1.69 3045.65  —356.76 —329.17 —317.17
5 1 0.94 4.77 4.93 30627  —321.05 —279.66 —261.66
2 0.86 3.68 3.47 167.05 —321.05 —279.66 —261.66
3 0.81 8.99 10.62 4256  —321.05 —279.66 —261.66
4 0.96 80.65 79.05 5.69  —321.05 —279.66 —261.66
5 0.95 1.91 1.94 988.07  —321.05 —279.66 —261.66
6 1 0.94 5.18 5.25 286.02 —301.22 —255.24 —235.24
2 0.96 80.25 78.22 543  —301.22 —255.24 —235.24
3 0.82 8.86 10.75 48.43  —301.22 —255.24 —235.24
4 0.94 1.91 1.87 750.99  —301.22 —255.24 —235.24
5 0.99 0.41 0.57 46 169.94  —301.22 —255.24 —235.24
6 0.88 3.41 3.33 211.51 —301.22 —255.24 —235.24

The 3-group model with polynomial order “022” was selected as the optimal model. AvePP: Average posterior probability of

group membership; OCC: Odds of correct classification; BIC: Bayesian information criterion; AIC: Akaike information criterion;

LL: Log-likelihood.

---Group 1 n=60
——Group 2 n=38
Group 3 =636

40
Time/d

E 1 COVID-19 BEM IgG BENTSE
Fig1 Trajectory groups of IgG titers for COVID-19 patients

80

COVID-19: Coronavirus disease 2019; IgG: Immunoglobulin G.
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Tab 3 Comparison of outcomes among different IgG titer trajectory groups

Index Group 1 N=60 Group 2 N=38 Group 3 N=636 P value
Hospital stay/d, M (O,, O.) 10.00 (7.00, 13.50) 17.00 (13.00,27.00)  19.00 (13.00,27.50)  <<0.001
Virus clearance time/d, M (Q,, O,) 24.50 (17.50, 37.00) 45.00 (32.00, 53.00) 51.00 (41.00, 61.50) <0.001
Deterioration, 7 (%) 4 (6.67) 4(10.53) 31(4.87) 0.229
All-cause death, 1 (%) 2 (3.33) 1(2.63) 9 (1.42) 0.250

IgG: Immunoglobulin G; COVID-19: Coronavirus disease 2019; M (Q,, O,): Median (low quartile, upper quartile).
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Tab 4 Comparison of clinical characteristics of COVID-19 patients among different IgG titer trajectory groups

Index Group 1 N=60 Group 2 N=38 Group 3 N=636 P value
Age/year, M (Q,, Op) 65.00 (49.50, 76.00) 62.00 (47.00, 69.00) 62.00 (51.50, 70.00) 0.258
Male, n (%) 36 (60.00) 22 (57.89) 329 (51.73) 0.380
Body weight'/kg, M (Q,, O,) 64.00 (54.00, 74.00) 63.00 (58.00, 70.00) 65.00 (60.00, 72.50) 0.519
Pulse rate/min "', M (Q,, O,) 84.50 (77.00,97.50)  89.00 (80.00, 102.00)  87.00 (80.00, 98.00)  0.407
Systolic blood pressure/mmHg, M (Q,, Q) 133.00 (123.00, 148.00) 125.00 (117.00, 134.00) 130.00 (120.00, 140.00)  0.020
Diastolic blood pressure/mmHg, M (O, O.) 82.00 (73.00, 89.00) 79.00 (72.00, 86.00) 82.00 (74.50, 90.00) 0.515
Respiratory frequency/min "', M (Q,, Q) 20.00 (19.00, 21.50) 20.00 (19.00, 21.00) 20.00 (19.00, 20.00) 0.924
Basophil/(L™', X 10%), M (Q,, Oy) 0.02 (0.02, 0.03) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) 0.689
Eosinophil/(L™", X10%), M (Q,, Q) 0.11 (0.07,0.22) 0.12 (0.06, 0.24) 0.12(0.07,0.21) 0.817
Hemoglobin/(g*L™"), M (Q,, Q) 124.00 (102.00, 139.00) 129.50 (106.00, 138.00) 123.00 (112.00, 134.00)  0.696
Lymphocyte/(L ™', X 10%), M (Q,, Q) 1.46 (1.10, 1.89) 1.41 (1.08, 2.07) 1.47 (1.06, 1.84) 0.895
Monocyte/(L™", X 10%), M (Q;, Q) 0.45 (0.35, 0.59) 0.39 (0.29, 0.53) 0.44 (0.35, 0.56) 0.248
Neutrophil/(L™", X 10%), M (Q,, Q) 4.11 (2.70, 5.36) 3.47 (2.80, 4.80) 3.48(2.79, 4.88) 0.267
Platelet/(L™", X 10°%), M (Q,, Ov) 237.00 (179.00, 273.50) 244.50 (193.00, 282.00) 213.00 (174.00, 255.50)  0.033
Red blood cell/ (L™, X 10%), M (Q,, Ov) 4.09 (3.37,4.47) 4.07 (3.45,4.44) 3.95(3.63,4.32) 0.739
White blood cell/(L ™", X 10%), M (Q,, O.) 6.25 (4.95,7.70) 6.05 (4.70, 7.00) 5.80(4.90, 7.15) 0.451
Hematocrit/%, M (Q,, Q) 36.65 (32.00, 41.00) 38.30 (32.70, 40.10) 36.55 (33.55, 39.55) 0.719
Mean corpuscular hemoglobin/pg, M (Q,, Q) 31.25(29.80, 32.15) 31.55(30.40, 32.80) 31.20 (30.30, 32.10) 0.574
Mean corpuscular volume/fL, M (O,, Q) 93.55(90.20, 95.60) 92.90 (89.20, 95.80) 92.70 (90.20, 95.10) 0.931
Mean platelet volume/fL, M (Q,, O) 9.85(9.10, 11.10) 9.65 (9.10, 10.90) 10.10 (9.30, 10.90) 0.284
Alanine aminotransferase/(IU-L "), M (Q,, O;)  20.70 (12.10, 34.70) 23.25(10.80, 38.70) 20.95 (14.25, 35.65) 0.574
Aspartate aminotransferase/(IUL™"), M (Q,, Q,) 20.20 (16.15, 30.55) 17.80 (15.70, 23.30) 19.00 (15.20, 26.20) 0.396
Total protein/(g*L "), X £ 66.73+7.17 66.10+5.24 64.96+6.56 0.029
Albumin/globulin, M (Q,, O.) 1.33 (1.08, 1.51) 1.48 (1.25, 1.61) 1.41 (1.24, 1.56) 0.023
Direct bilirubin/(umol<L™"), M (Q,, Q) 3.60 (2.60, 5.10) 3.60 (2.40, 4.20) 3.50 (2.60, 4.70) 0.573
Alkaline phosphatase/(TU*L "), M (Q,, Q) 75.55 (60.05, 89.45) 73.60 (63.60, 91.00) 69.05 (58.55, 85.10) 0.097
y-glutamyl transpeptidase/(IU-L™"), M (Q,, Q)  31.80 (18.25, 53.55) 38.10 (22.60, 52.90) 31.15 (21.40, 47.75) 0.548
Creatinine/(umol*L™"), M (Q,, Ov) 67.40 (59.15, 90.50) 69.00 (55.10, 76.50) 64.70 (55.10, 76.25) 0.065
Uric acid/(umol*L "), M (Q,, Q) 309.50 (239.50, 379.50) 278.00 (217.00, 328.00) 285.00 (222.00, 349.00) 0.283
Urea/(mmol-L "), M (Q,, O,) 5.16 (3.71, 6.76) 5.01 (3.75, 6.62) 4.44 (3.58, 5.65) 0.013
Total biliary acid/(umolL™"), M (Q,, Q) 3.60 (2.30, 6.25) 3.45(2.30, 6.40) 4.20 (2.55, 6.70) 0.235
Total bilirubin/(umolL "), M (Q,, Q) 9.90 (6.40, 13.05) 8.45(6.30, 10.70) 9.95 (7.80, 12.90) 0.013
CK-MB/(IU-L™ "), M (Q,, Ov) 9.70 (7.70, 13.10) 9.00 (7.50, 12.00) 8.40 (6.90, 10.90) 0.005
Albumin/(g*L™"), M (Q;, Q) 38.65 (34.55, 41.40) 39.35(36.70, 41.40) 38.10 (35.00, 40.50) 0.259
Lactate dehydrogenase/(TU-L "), M (Q,, Q) 186.60 (150.90, 234.00) 162.80 (142.60, 218.50) 180.50 (157.80, 221.60) 0.233
C reactive protein/(mg*L "), M (Q,, Q) 4.09 (1.17, 37.62) 1.67 (0.89, 13.09) 2.50(0.92,9.24) 0.149
D-dimer/(mg-L "), M (Q,, Op) 0.66 (0.24, 1.41) 0.49 (0.24, 1.09) 0.45(0.22,0.95) 0.208
Interleukin 6/(pgemL "), M (Q,, Oy) 2.85(1.50, 33.01) 1.63 (1.50, 16.32) 1.90 (1.50, 5.49) 0.078
COPD, n (%) 5(8.33) 0 7 (1.10) 0.004
Malignancy, n (%) 1(1.67) 0 9(1.42) 0.764
Diabetes, 1 (%) 8(13.33) 6 (15.79) 116 (18.24) 0.605
Hypertension, n (%) 19 (31.67) 14 (36.84) 207 (32.55) 0.847
Cough, n (%) 23 (38.33) 18 (47.37) 401 (63.05) <<0.001
Fatigue, 1 (%) 11 (18.33) 15 (39.47) 232 (36.48) 0.016
Fever, n (%) 29 (48.33) 24 (63.16) 410 (64.47) 0.047
Sputum production, 7 (%) 4(6.67) 1(2.63) 31 (4.87) 0.729
Gasp, 1 (%) 5(8.33) 9 (23.68) 126 (19.81) 0.073
Clinical type, n (%) 0.066
Mild-moderate 46 (76.67) 24 (63.16) 386 (60.69)
Severe 12 (20.00) 10 (26.32) 229 (36.01)
Critical 2 (3.33) 4 (10.53) 21 (3.30)

" The data of 51 cases were missing, including 10 in the group 1, 5 in the group 2 and 36 in the group 3. 1 mmHg=0.133 kPa.
IgG: Immunoglobulin G; COVID-19: Coronavirus disease 2019; CK-MB: Creatine kinase-myocardial band; COPD: Chronic
obstructive pulmonary disease; M (Q,, Op): Median (low quartile, upper quartile).
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