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Abstract   23 

We aim to study kinetics of anti-SARS-CoV-2 IgG antibody levels in subjects with COVID-24 

19 for up to 11 months and the potential influential factors. The study was a prospective 25 

longitudinal study. The analyses were based on 77 serum/plasma samples with a mean of 4 26 

samples per participant (range 1-18) in 20 participants with at least one positive Polymerase 27 

Chain Reaction testing result from 19 March 2020 up to 10 February 2021. Among the 28 

subjects (median age 34.5 years, 65% male), IgG level declined with the follow-up time (per 29 

month; geometric mean ratio [GMR] 0.73; 95% CI, 0.72-0.74). In a small sample of subjects 30 

from the general population with COVID-19, IgG levels declined non-linearly from month 2 31 

to 11 with individual heterogeneity in quantity and changing speed and may be associated 32 

with gender, race and the loss of smell and taste. 33 
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Introduction 46 

As the infectious disease COVID-19 continues to spread, it is vitally important to understand 47 

well the pattern of immune response and its influential factors. Anti-SARS-CoV-2 humoral 48 

response kinetics can aid in COVID-19 diagnosis, vaccine development, therapeutic immune 49 

plasma studies, and epidemiologic studies including prevalence, exposure, and immunity. 50 

Decrease in antibody levels is likely to indicate a lack of protective immunity [1]. Most 51 

COVID-19 patients develop detectable immunoglobulin M (IgM) and immunoglobulin G 52 

(IgG) antibodies targeting the nucleocapsid (N) or the spike (S) protein of SARS-CoV-2 53 

within several weeks post infection [2, 3]. 54 

Previous studies have shown that IgG responses against SARS-CoV-2 infection can 55 

persist for 3 to 8 months post-symptom onset [4, 5]. But longer-term kinetics of IgG 56 

antibodies remain to be investigated. In addition, previous studies mostly included limited 57 

sample sizes and narrow spectrums of disease severity [6-9]. More data from asymptomatic 58 

and mild COVID-19 cases is necessary to better understand anti-SARS-CoV-2 IgG antibody 59 

detectable/positive rate and IgG level kinetics in the general population screened for SARS-60 

CoV-2 infection. Previous reports have examined the associations between IgG antibody 61 

response against SARS‐CoV‐2 and potential influential factors including disease severity [6, 62 

7], comorbidities [10], and immunocompromised status [9], but the evidence on predictive 63 

factors of IgG levels was still limited. 64 

Hence, we aimed to provide more information on the IgG detectable/positive rate and 65 

the IgG level changes over time after SARS-CoV-2 infection for up to 11 months and 66 

identify the potential influential factors associated with IgG levels in the general population 67 

screened for SARS-CoV-2 infection. 68 

 69 



4 
 

Material and methods 70 

Study design and participants 71 

The study was a prospective longitudinal study conducted at Richmond Pharmacology Ltd, 72 

London, UK and the Richmond Research Institute, St George’s University of London. The 73 

participant inclusion criteria were (1) male or female aged 5 and older, (2) an understanding, 74 

ability, and willingness to fully comply with the project procedures and restrictions and (3) 75 

consent from a parent/legal guardian for participants aged 5 to 15 years. Informed written 76 

consent was obtained from each participant/guardian. The study complied with the principles 77 

of the World Medical Assembly (Helsinki 1964) and subsequent amendments. 78 

Questionnaires were used to collect participant baseline characteristics. Polymerase 79 

Chain Reaction (PCR) testing of throat swab specimens for SARS-CoV-2-specific RNA were 80 

performed repeatedly per participant to confirm the status of SARS-CoV-2 infection. The 81 

Abbott Laboratories (Illinois, USA) chemiluminescent microparticle immunoassay (CMIA) 82 

against the nucleocapsid protein (N) of SARS-CoV-2 was used to assess the anti-SARS-CoV-83 

2 antibody IgG levels and IgG statuses (detectable/positive or undetectable/negative) of 84 

serum/plasma samples. The cut-off value of Abbott CMIA for SARS-CoV-2 positive has 85 

been set at 1.4 signal/cut-off (S/CO) units [11], which was calculated to maximise positive 86 

predictive values and minimise false positives, according to the manufacturer. Public Health 87 

England assessed that the assay had a specificity of 100% but sensitivity of 93% [12].  88 

Variables 89 

The primary outcome was the IgG level measured repeatedly during the follow up. The 90 

secondary outcome was the IgG status (detectable/positive or undetectable/negative). 91 

Predictive variables measured at screening included time, age, gender, race, fever, and loss of 92 

smell and taste (loss of smell and taste, loss of smell only, loss of taste only, neither loss of 93 
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smell nor taste). Race was classified as Caucasian, Black African, and other races (Hispanic, 94 

Indian, Pakistani, other Asian than Chinese and Japanese). 95 

Statistical analysis 96 

Characteristics of subjects with at least one positive PCR result were summarised as n, 97 

median (interquartile range [IQR]) and minimum-maximum or frequency (percentage). IgG 98 

levels and the statuses of whether IgG was detectable or positive were recorded by day, but to 99 

make the trend information more concise, we summarised them by month. The IgG statuses 100 

(detectable/positive or undetectable/negative) were described as frequency and percentage, 101 

and IgG levels were as n, median (IQR), and minimum-maximum.  102 

To explore potential factors associated with IgG levels in COVID-19, the generalized 103 

linear mixed models (GLMMs) with normal distribution and identity link function, predictive 104 

variables as fixed effects, and subject as random effect were employed. The natural logarithm 105 

of IgG level was the dependent variable. Time (month), age (year), gender, race, fever, and 106 

loss of smell and taste were predictive variables. All predictive variables were included in 107 

univariate GLMMs separately and in multivariate GLMM simultaneously. Geometric mean 108 

ratios (GMRs) and 95% confidence intervals (CIs) were estimated by taking an antilog 109 

transformation of estimates coming from the GLMM. The half-life was calculated from the 110 

GLMM using the formula −ln(2)/𝛽1 where 𝛽1 was the coefficient of day. The half-life was 111 

defined as the time elapsed (days) for the IgG level to reduce to half of its initial level. The 112 

graph comprised of the daily change of IgG levels since positive PCR and the fit curve for the 113 

predicted day effect from the GLMM was presented. Missing data of baseline characteristics 114 

were imputed by median (continuous variables) and category which occupies the majority 115 

(categorical variables) in the GLMM. 116 

Statistical analyses were performed using SAS 9.4 software (SAS Institute). 117 
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Ethical approval 118 

The study was approved by the Committee of National Research Ethics Service (NRES) 119 

(West Midlands - Edgbaston) (IRAS ID: 281788). 120 

 121 

Results  122 

Participants included in the analysis 123 

From 19 March 2020 up to 10 February 2021, 2216 participants were screened for PCR for 124 

18884 times; 510 participants were tested for IgG for 899 times (Figure 1). Twenty five 125 

participants had at least one positive PCR testing results and IgG data afterwards, 1 126 

participant was excluded from the analyses due to incomplete data, 4 participants were 127 

excluded due to reinfection during the study period (who may have different patterns of IgG 128 

kinetics), and finally 20 participants were included. The analyses were based on 77 129 

serum/plasma samples with a mean of 4 serum/plasma samples per participant (range 1-18). 130 

Characteristics of participants 131 

Median age in the study sample was 34.5 years (IQR 28.5-52.0), and most of the subjects 132 

were male (65.0%) (Table 1). Approximately half of the subjects were Caucasian (52.6%), 133 

15.8% were Black African, and 31.6% were other races (including Hispanic, Indian, 134 

Pakistani, other Asian than Chinese and Japanese). Around half of the subjects (47.4%) had 135 

fever; the majority of subjects (68.4%) had lost their smell and taste, and one third of subjects 136 

had neither lost smell nor taste (31.6%). The median follow-up time post initial positive PCR 137 

testing was 2 months (IQR 1-2). 138 
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Percentage of participants with detectable or positive IgG 139 

The percentage of the subjects who had detectable or positive IgG decreased over time. At 140 

month 1 post initial positive PCR testing, 75.0% (9 subjects) of the subjects had detectable or 141 

positive IgG, while 25.0% (3) had not (Table 2). At month 2, 70.0% (14) of the subjects still 142 

had detectable or positive IgG. At month 3, the percent dropped to only 42.9% (3); from 143 

month 4 to 7, only 10% to 20% (1); from month 8 to 11, our data did not show any subjects 144 

who had detectable or positive IgG.  145 

IgG kinetics and potential influential factors 146 

IgG levels showed a decreasing pattern over time within 11 months with an individual 147 

heterogeneity in quantity and speed (Figure 2). The median IgG level at month 1 was 4.05 148 

S/CO (IQR 1.71-6.54), then decreased to 2.31 (IQR 0.83-5.27) at month 2, 1.23 (IQR 0.51-149 

4.57) at month 3, and then below 1 from month 4 to month 11 (Table 3). 150 

IgG level declined non-linearly with the follow-up time (per month; GMR 0.73; 95% 151 

CI, 0.72-0.74; Table 4). There was some evidence on the association between IgG level and 152 

loss of smell and taste (GMR 9.40; 95% CI, 1.12-78.97) but weak evidence on the 153 

associations between IgG level and gender and race: female vs. male (GMR 4.78; 95% CI, 154 

0.99-22.98), Caucasian vs. other races (including Hispanic, Indian, Pakistani, other Asian 155 

than Chinese and Japanese; GMR 0.19; 95% CI, 0.03-1.02). There was insufficient evidence 156 

on the associations between IgG level and age or fever. In addition, the calculated IgG half-157 

life was 65 days (95% CI, 62-68). The fit curve of IgG levels from the generalized linear 158 

mixed model fitted the data well, showing a non-linear decreasing trend (Figure 2). 159 

 160 
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Discussion 161 

We longitudinally characterized the detectable/positive rate of IgG antibody and the dynamic 162 

changes of IgG level over time after the onset (positive PCR for SARS-CoV-2), allowing a 163 

better understanding of the immune response in the general population with SARS-CoV-2 164 

infection. Our study showed that IgG antibodies could be detected in up to 70% of infections 165 

in the first two months after a positive PCR, and the detectable/positive rate of IgG antibody 166 

responses in subjects gradually decreased within 3-7 months. IgG antibody levels continued 167 

to wane from the second month to the eleventh month with an individual heterogeneity in 168 

quantity and speed. Gender, race and loss of smell and taste may be associated with IgG 169 

levels. 170 

The IgG detectable/positive rate in the PCR positive population can help estimate the 171 

proportion of individuals that has antibodies against SARS-CoV-2. Here we report that 172 

among 20 subjects with noncritical disease, a high proportion of individuals had detectable or 173 

positive IgG in the first two months while a growing proportion of individuals lost their 174 

detectable or positive IgG from month 3. Previous studies have shown high rates of 175 

seroconversion of IgG to detectable or positive levels between 4 and 14 days after symptoms 176 

onset in SARS-CoV-2-infected patients [2, 6, 13-15]. A study described that substantial 177 

amounts of IgG antibody in hospitalized and non-hospitalized patients with COVID-19 were 178 

detectable up to 60 days after symptom onset [6]. Similar results were reported in another 179 

serological study showing that except for the patients who failed to produce detectable levels 180 

of IgG with commercial assays, irrespective of the severity of symptoms, other patients still 181 

had detectable IgG levels >75 days post symptom onset [16]. A longer-term study of anti-182 

SARS-CoV-2 IgG levels reported that IgG can be detected in most recovered patients at 3-4 183 

months after infection [4]. Another study detected a high percentage of subjects with 184 

seropositive IgG at 6 to 8 months post-symptom onset [5]. By contrast, for the SARS-CoV-1 185 
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infection that occurred in 2003, previous studies have shown that a high proportion (>70%) 186 

of patients’ IgG levels were detectable after 1, 2, and 3 years [17, 18]. However, to 187 

understand the IgG detectable/positive rate and kinetics, the performance of the serological 188 

tests used (e.g. sensitivity to detect IgG) needs to be taken into consideration [19]. In 189 

addition, the specific positive proportion values in our study need to be interpreted with 190 

caution and may be underestimated, because validation of the assay we used may have been 191 

performed in COVID-19 patients with severe symptoms and the fixed cut-off for a positive 192 

diagnosis may be set too high for the general population, which is also a problem previously 193 

encountered in the SARS-CoV-2 antibody tests [20].  194 

On the other hand, our study found 4 reinfections among 25 PCR-positive participants 195 

within the 11 months study period. This may suggest immunity can rapidly decline over time 196 

and improving immune persistence through vaccines is necessary. The declined immunity 197 

may be due to the wane antibody response which represents part of the immune system, or 198 

the falling T cell response which is the other part [4, 5]. In addition, some SARS-CoV-2 199 

variants, such as B.1.617, may evade antibodies induced by prior infections and lead to 200 

reinfections [21]. 201 

The daily change plot of IgG levels showed extensive individual heterogeneity in 202 

quantity and changing speed over time in COVID-19 positive subjects, so we used a 203 

generalised linear mixed model in which random effects were fitted to handle with between-204 

subject and within-subject variabilities. We demonstrated a decreasing tendency of IgG 205 

antibody levels from the second month to the eleventh month. Previous reports presented that 206 

antibody response peaked between the 2-5 weeks after infection and declined afterwards [22-207 

24]. A study observed no drastic decline in IgG levels 3-4 months after infection [4]. 208 

Nevertheless, our results are in line with previous studies indicating the decline for IgG was 209 

statistically significant at month 2-3 [22], most patients showed a variable degree of reduction 210 
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in antibody levels within 6 months post-illness onset [25], and a progressive decline of IgG 211 

values was observed at about 6 months later [3]. In addition, the calculated IgG half-life in 212 

our data was 65 days post positive PCR (95% CI, 62-68), which was similar to a previous 213 

study of 68 days, suggesting that IgG may wane from 2 month post-infection [5].  214 

Our study provided some evidence on the association between higher IgG levels and 215 

loss of smell and taste in subjects with SARS-CoV-2 infection but insufficient evidence on 216 

the association between IgG levels and fever. To the best of our knowledge, the studies on the 217 

association between immune responses and loss of smell and taste are currently rare, 218 

highlighting the novelty and impact of the present study. A study showed that among patients 219 

with COVID-19, those reporting loss of smell and taste developed higher antibody titers [26]; 220 

another study demonstrated that among patients with upper respiratory tract infection, 221 

COVID-19 IgG antibody titers were higher in patients with olfactory disorders than those 222 

without [27]; but both studies did not further discuss the potential mechanisms. De Melo et. 223 

al. investigated the interaction between SARS-CoV-2 and the olfactory system and its 224 

pathophysiological mechanisms based on patients and animal models with SARS-CoV-2 225 

related anosmia/ageusia [28]. They observed the expression of cleaved caspase-3 in the 226 

olfactory mucosa, indicating cell damage and death caused by SARS-CoV-2 infection. They 227 

found the cleaved caspase-3 in both infected and uninfected cells, suggesting that cell damage 228 

and death are not only caused by cytopathic effects of SARS-CoV-2, but also possibly by the 229 

inflammation and immune responses to infection, and observed some up-regulated genes 230 

which were mainly involved in inflammatory and immune responses and functions associated 231 

with chemokine signalling. In addition, they did not observe cell death or immune cells in the 232 

olfactory mucosa in a COVID-19 patient without loss of smell, suggesting the importance of 233 

assessing the associations between inflammation, immune responses, and cell and tissue 234 

damage and smell loss using larger cohorts to validate their observations. However, since 235 
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different variants of the SARS-CoV-2 may have different symptoms, loss of smell and taste 236 

may not always be a dominant feature and associated with IgG levels. A previous study 237 

showed that in several asymptomatic cases, the antibody levels were lower, and the IgG 238 

seroconversion was delayed compared to the symptomatic cases [25]. Among studies 239 

exploring the relationship between disease severity and humoral immunity against SARS-240 

CoV-2, some studies reported IgG seroconversion time, positive rates, and levels were 241 

associated with more severe forms of the disease [6, 7, 23, 29-31] but others did not [8, 9, 32, 242 

33]. Some publications proposed that higher IgG levels in patients with more severe disease 243 

may be due to the high amounts of SARS-CoV-2 RNA [34], and a strong and uncontrolled 244 

humoral response may be a feature of over-activation of the immune system in patients with 245 

severe disease and may contribute to the disease pathogenesis of a severe systemic 246 

inflammatory response (called “cytokine storm”) and organ damage [3, 35]. On the other 247 

hand, another study stated that the IgG levels in critically ill patients were lower than 248 

moderate and severe patients, which may be the result of longer virus exposure or a severely 249 

impaired immune response in these patients [36]. 250 

We found weak evidence on the association between IgG levels and gender. Caution 251 

needs to be taken when interpreting the result and further studies are warranted to verify the 252 

association. Legros et al.’s longitudinal study of 140 COVID-19 patients revealed that the 253 

IgG response can be used as a marker for neutralizing antibody activity and found that gender 254 

was not associated with neutralizing antibody activity [3]. In agreement with Legros et al., 255 

other studies did not show gender differences in the antibody response [13, 37, 38]. By 256 

contrast, a study observed gender differences on anti-nucleocapsid IgG antibody response at 257 

weeks 6-7 during a 10-week follow-up, but did not test the gender differences on the overall 258 

trend of IgG [22]. 259 
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In addition, our study looked at whether there was a difference in the generation of 260 

antibodies against SARS-CoV-2 infection in individuals from different ethnicities. We 261 

provided weak evidence on the difference on IgG levels between Caucasian and other races 262 

(including Hispanic, Indian, Pakistani, other Asian than Chinese and Japanese) but 263 

insufficient evidence on the difference between Black African and other races. However, 264 

currently the studies exploring this question are rare.  265 

Our study provided insufficient evidence on differences in immune response in 266 

relation to age. However, a study covering COVID-19 patients from 16 to over 65 years old 267 

found that antibody levels were age-related, showing that higher antibody levels correlated 268 

with older patients [39]. Another study detected a moderate association between age and 269 

neutralizing activity [40]. However, Legros et al.’s study found no association when 270 

examining whether age was related to neutralizing antibody activity in the same disease 271 

severity group of COVID-19 patients, indicating that disease severity may be the main factor 272 

explaining the neutralizing activity [3]. Other studies did not find a clear correlation between 273 

IgG levels and age [13, 37, 41]. 274 

This study has several limitations. First, although the study provided insight into the 275 

IgG response and potential influential factors in PCR-confirmed COVID-19 subjects, the 276 

sample size of this study is still modest and the study findings need to be corroborated by 277 

larger studies. But the generalised mixed model we employed allowed us to efficiently use 278 

the information by combining measurements from different subjects. Second, while our study 279 

described the longer-term kinetics of IgG up to 11 months, we only characterized the 280 

decreasing phase and did not have enough data to model the early growth phase and peaking 281 

point which was supposed to happen around the first month. Third, due to lack of data, we 282 

did not analyse the impact of other potential factors on antibody kinetics, e.g. Asian race 283 

including Chinese and Japanese, disease severity, comorbidities [10], laboratory features such 284 
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as C-reactive protein [42], and virus neutralization titre [8]. For the same reasons, we were 285 

unable to investigate the kinetics of IgG responses to the spike protein of coronavirus. 286 

 287 

Conclusion 288 

This study demonstrated that in the general population confirmed with SARS-CoV-2 289 

infection, a high proportion of individuals had detectable or positive IgG antibody levels in 290 

the first two months while a growing proportion of individuals lost their detectable or positive 291 

IgG after that. IgG levels declined non-linearly from month 2 to 11 with individual 292 

heterogeneity in quantity and changing speed and tended to be associated with gender, race, 293 

and the loss of smell and taste. 294 

 295 
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Table 1 Demographic characteristics of subjects with at least one positive PCR result 444 
 445 

Characteristics Statistics All 

Age (year) n 20 

 Median (IQR) 34.5 (28.5-52.0) 

 Min-Max 24.0-66.0 

Gender (n/N [%]) Female 7/20 (35.0%) 

 Male 13/20 (65.0%) 

Race (n/N [%]) Caucasian 10/19 (52.6%) 

 Black African 3/19 (15.8%) 

 Other races* 6/19 (31.6%) 

Fever (n/N [%]) Yes 9/19 (47.4%) 

 No 10/19 (52.6%) 

Loss smell taste (n/N [%])** Loss of smell and taste 13/19 (68.4%) 

 Neither loss of smell nor taste 6/19 (31.6%) 

Time (month) n 20 

 Median (IQR) 2.0(1.0-2.0) 

 Min-Max 1.0-11.0 

* Including Hispanic, Indian, Pakistani and other Asian than Chinese and Japanese. 446 
** No participant in the study only lost smell or only lost taste. 447 

Abbreviation: IQR, interquartile range. 448 

 449 
  450 
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Table 2 Percent of participants with detectable or positive IgG since positive PCR by month  451 
 452 

Month Detectable or positive, n/N(%)* 

1 9/12 (75.0%) 

2 14/20 (70.0%) 

3 3/7 (42.9%) 

4 1/6 (16.7%) 

1-4 27/45 (60%) 

5 1/5 (20.0%) 

6 1/7 (14.3%) 

7 1/5 (20.0%) 

8 0/5 (0%) 

5-8 3/22 (13.6%) 

9 0/5 (0%) 

10 0/4 (0%) 

11 0/1 (0%) 

9-11 0/10 (0%) 

* n, numbers of participants with detectable or positive IgG since positive PCR; N, numbers of participants tested IgG status 453 
since positive PCR; %, percent of participants with detectable or positive IgG since positive PCR. 454 

 455 
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Table 3 IgG levels (S/CO) since positive PCR by month 488 
 489 

Month Statistics All 

1 n 12 

 Median (IQR) 4.05 (1.71-6.54) 

 Min-Max 0.65-7.65 

2 n 20 

 Median (IQR) 2.31 (0.83-5.27) 

 Min-Max 0.01-6.40 

3 n 7 

 Median (IQR) 1.23 (0.51-4.57) 

 Min-Max 0.40-5.00 

4 n 6 

 Median (IQR) 0.91 (0.33-1.09) 

 Min-Max 0.29-2.00 

1-4 n 45 

 Median (IQR) 2.23(0.81-5.18) 

 Min-Max 0.01-7.65 

5 n 5 

 Median (IQR) 0.53 (0.24-0.68) 

 Min-Max 0.22-1.56 

6 n 7 

 Median (IQR) 0.40 (0.14-1.11) 

 Min-Max 0.12-1.44 

7 n 5 

 Median (IQR) 0.84 (0.36-0.91) 

 Min-Max 0.30-1.64 

8 n 5 

 Median (IQR) 0.26 (0.25-0.27) 

 Min-Max 0.09-0.48 

5-8 n 22 

 Median (IQR) 0.38(0.24-0.91) 

 Min-Max 0.09-1.64 

9 n 5 

 Median (IQR) 0.22 (0.09-0.22) 

 Min-Max 0.09-0.49 

10 n 4 

 Median (IQR) 0.16 (0.12-0.49) 

 Min-Max 0.10-0.79 

11 n 1 

 Median (IQR) 0.57 (0.57-0.57) 

 Min-Max 0.57-0.57 

9-11 n 10 

 Median (IQR) 0.20(0.10-0.49) 

 Min-Max 0.09-0.79 

Abbreviation: IQR, interquartile range. 490 
 491 

 492 

 493 

 494 

 495 

 496 

 497 

 498 
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Table 4 Estimates of geometric mean ratios and 95% CI of IgG from the univariate linear mixed models and multivariate linear 501 
mixed model 502 

 503 

Characteristics* Crude GMR (95% CI) P-value Adjusted GMR (95% CI) P-value 

Time (month) 0.73(0.72,0.74) <.0001 0.73(0.72,0.74) <.0001 

Age (per 5 years) 1.01(0.81,1.25) 0.95 0.83(0.60,1.15) 0.25 

Female vs. Male 1.15(0.34,3.89) 0.82 4.78(0.99,22.98) 0.05 

Caucasian vs. Other races† 0.33(0.09,1.12) 0.07 0.19(0.03,1.02) 0.05 

Black African vs. Other races† 0.41(0.08,2.19) 0.29 0.12(0.01,1.22) 0.07 

Fever vs. No fever 0.88(0.28,2.81) 0.83 0.57(0.12,2.61) 0.46 

Loss of smell and taste vs.  

Neither loss of smell nor taste†† 

3.38(0.95,12.00) 0.06 9.40(1.12,78.97) 0.04 

* Missing data of categorical variables of baseline characteristics were imputed by the category which occupies the majority, and 504 
continuous variables had no missing data: race: 1 missing data was replaced by Caucasian; fever: 1 missing data was replaced 505 
by no; loss of smell and taste: 1 missing data was replaced by loss of smell and taste. 506 
† Including Hispanic, Indian, Pakistani and other Asian than Chinese and Japanese. 507 
†† No participant in the study only lost smell or only lost taste. 508 

Abbreviation: GMR, geometric mean ratio. 509 
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 547 

Figure 1 Consort diagram 548 

  549 

Participants who had at least one positive PCR test 

result and IgG data afterwards (n=25) 

Excluded (n=5) 

 Incomplete data (n=1) 

 Reinfection during the study period 
(n=4) 

Included for analyses (n=20) 

 77 serum/plasma samples with a mean of 4 
serum/plasma samples per participant (range 1-18) 

Met inclusion criteria from 19/03/2020 to 

10/02/2021 (n=2216) 

 Screened for PCR for 18884 times (n=2216) 

 Tested for IgG for 899 times (n=510) 
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 550 

   551 

Figure 2 Daily change of IgG levels since positive PCR per subject and fitted curve of IgG levels from the generalized linear 552 

mixed model (thick magenta curve) 553 
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