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1.1. BACKGROUND

Antibody testing is commonly used to assess past exposure to pathogens, but the interpretation is
complex. We quantified test-specific SARS-CoV-2 seroconversion and reversion by time since PCR-

confirmed infection, age and disease severity.

1.2. METHODS

We used Belgian data from laboratory SARS-CoV-2 testing, prescriptions, contact tracing and hospital
surveillance collected between March 2020 and June 2021. Additionally, we gathered data for the
Wantai and Eurolmmun IgG serological tests from the scientific literature.

We used a hierarchical Bayesian model to estimate distributional parameters of a scaled Weibull-bi-
exponential distribution for the time-varying sensitivity of qualitative serological test results obtained after
PCR-confirmed SARS-CoV-2 infection. We accounted for disease severity (distinguishing between
asymptomatic, symptomatic, and hospitalized cases), age (i.e., in terms of age groups 18-49, 50-64,

and 65-74 years) and serological test used.

1.3. RESULTS

We included 44,262 serological test results: 10,864 obtained from published studies, 33,398 from
Belgian laboratories. Seroconversion occurred during the six weeks following a PCR-confirmed
infection. For the Eurolmmun test, 82% (95%Crl: 80%-84%) of symptomatic individuals in the youngest
age group seroconverted, compared to 95% (95%Crl: 95%-96%) for the Wantai test. In addition,
seroconversion was associated with hospitalization (OR = 6.98, 95%Crl: 4.85-11.37, compared to
asymptomatic infection) and older age (OR = 1.67, 95%Crl:1.43-1.92, for 65-74-year-olds compared to
18-49-year-olds). Reversion after initial seroconversion was strongly associated with the test used. At
50 weeks, the proportion of symptomatic individuals aged 18-49 years who remained seropositive was
63% (95%Crl: 56%-69%) for the Eurolmmun test and 95% (95%Crl: 94%-96%) for the Wantai test.

Slower reversion was associated with severe infection and older age.
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1.4. CONCLUSION

Seropositivity after SARS-CoV-2 infection was significantly associated with the type of test used, age of
the case and severity of the infection. More severe infection and older age resulted in increased and

prolonged seropositivity.
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Starting in 2020, numerous seroprevalence studies were conducted to understand the extent of past
exposure to SARS-CoV-2 within different populations [1]. These studies used immunoassays,
serological tests, capable of directly or indirectly detecting antibodies. These antibodies typically target
one of the four structural proteins of the SARS-CoV-2 virus: spike (S), membrane (M), envelope (E), or
nucleocapsid (N) protein. The S protein, which is further divided into the N-terminal domain (NTD) and
the receptor-binding domain (RBD), along with the N protein, are the primary immunogens and are
typically the targets of immunoassays [2]. Assays determine the amount of antibodies and manufacturer
suggested threshold values can be used to translate quantitative to qualitative results. Qualitative results
are then typically reported as the proportion of positive samples among all samples. The interpretation
of such results however is not straightforward as immunoassays are imperfect. Qualitative results are
associated with a proportion of false negatives (sensitivity below 100%) and false positives (specificity
below 100%) [3]. In addition, the main research interest is often not solely in the presence of antibodies.
The main objective of seroprevalence studies, in addition to objectives regarding susceptibility, concerns
the proportion of persons previously infected: the cumulative infection rate. The sensitivity with respect
to previous infection, as compared to sensitivity to a certain level of antibodies, is a dynamic metric
which will depend on the test, but also on antibody kinetics associated with the time since infection and

person and disease characteristics [3].

Quantifying this dynamic sensitivity is difficult as it is affected by different factors. We briefly introduce
the three main factors: (A) how infections are diagnosed, (B) which persons are included in the cohort
under follow-up and (C) how is time since infection included in the analysis. With respect to (A): studies
typically use either a ‘gold standard’ immunoassay or a combination of immunoassays, neutralization
assays or RT-PCR tests to determine ‘true’ positivity of an individual [4]. The shortcoming of any of
these options typically boils down to the gold standard’s own sensitivity and specificity. (B) Patients
included in longitudinal studies were frequently hospitalized. Hospitalization is typically associated with
high antibody titers not reflective of titers in asymptomatic patients [5—7]. Metareviews reported a high
risk of patient selection bias in 97-98% of assessments [4,8]. (C) After an initial increase during 3 to 12
weeks for SARS-CoV-2 [8], antibody titers will decrease again over time, while antibody avidity and

affinity might increase. The decline is not monophasic. An initial strong decrease is followed by a plateau
4
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78 [9,10]. Whether or not this decrease is antigen-specific is still under debate. Antibodies associated with
79  S1 seem more durable than those associated with the N-protein [2,11-16]. Furthermore, the decrease
80 is linked to patient selection. The half-time of IgG S-protein titers associated with asymptomatic cases
81 is less than half of that of mild cases and has been estimated at 55 days [17,18] or even shorter (i.e.,
82 36 days as estimated by Ibarrondo et al. [19]). No detectable neutralizing activity was found in 50% of
83  asymptomatic infections 1 year after infection [10]. The role of sex and age is less clear [20]. More stable
84 antibody levels have been reported for females [21]. Studies have reported higher initial titer
85  concentrations in older age groups. Higher initial titers have been linked to extended seropositivity
86 [7,14,21-23]. Typical methods to adjust for the imperfect performance of serological tests, such as a
87 Rogan-Gladen type estimator [24], can be extended to include time-varying sensitivity estimates, but
88  with the exception of some modelling studies, seroprevalence studies typically do not correct for waning
89  of antibodies [25].

90

91 We aim to estimate distributional parameters associated with an underlying parametric distribution for
92 time-varying, test-specific sensitivity in relation to time since infection and to quantify the effect of age
93 and clinical severity on this distribution. While estimating the sensitivity, all available data, including
94 estimates obtained from the literature, will be included. Such an estimate for the time-varying and test-
95 specific sensitivity is necessary for a meaningful interpretation of qualitative individual serological test
96 results and for the translation of population-level seroprevalence results to (cumulative) incidence

97 estimates.

98

99 We used a Bayesian hierarchical model with a binomial likelihood to fit the number of positive serological
100 tests out of all serological tests at week t after PCR-confirmation of SARS-CoV-2 infection. Data on
101 cases was collected from Belgian laboratories and published studies. We first present the distributions
102 for seroconversion and reversion and how these processes result in a temporal state of detectable

103  antibodies, coined seropositivity.
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104  3.1. MODEL STRUCTURE

105  We modeled two immunological processes: seroconversion and seroreversion. Seroconversion is the
106 process of reaching a detectable level of antibodies after infection. Seroreversion is the process of losing
107 that detectable level since having first attained it. These processes are represented by two random
108  variables: T, denotes the time between infection and conversion and T is the time between conversion
109 and reversion. T, is assumed to follow a Weibull distribution. T follows a bi-exponential distribution. The
110 Weibull distribution was selected because it can flexibly model time-to-event data. The bi-exponential
111 distribution allowed us to include a mixture of a fast and slow decrease. Four parameters representing
112 different time-to-event processes need to be estimated: a scale and shape parameter for T, and two
113 exponential parameters for T,. In addition, we need to estimate the proportion of cases that undergo
114 seroconversion and a parameter that determines the mixture between slow and fast decrease.

115

116 The random variable S; (with discrete probability density function (h(S;)) represents the proportion of
117 seropositive cases at week t out of all cases infected at week 1. To account for both the time to
118 seroconversion, the time to seroreversion given seroconversion and the overall proportion that will

119  seroconvert we include h(S;) as (notation based on Shioda et al. [26]):

120
t
121 h(S) = ) {g(to) » Prop = [1 = Z,(t — (t)]}
to=1

122

t—(to)
123 Zy(t—(t)) = Z 1 — (ar* exp(_/lr.fast* tr) + (1—ay) * exp(— Arsiow * tr))

tr=1
124

125 For a case to be seropositive at week t after infection, it had to undergo seroconversion at week t. with
126 t. before or at week t. g(t.) is the discretized probability density function for T.. In addition, the case
127  should not have undergone seroreversion during the time interval t — (t.). Z, denotes the cumulative
128  density function of T,.. Z,(t —(t.)) is the proportion of cases seroconverted at week t. that will have
129 undergone seroreversion by or at week t. Seroreversion will only occur given seroconversion, we
130  therefore have to scale Z(t — (t.)): g(tc) * Prop * Z,(t — (t.)).

131
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132 The parameters for the time-to-event distributions (scale,, shapec, Ay fasts Arsiow) are global. The

133 proportion, Prop, converted and the seroreversion-mixture, a,, are group-specific with the following

134 linear predictors.
135
2 2
136 logit(Prop) = .ch.O + Z ch,li * severity; + .ch,Zj * age; + Upc.test/lab,
=1 =1
2 2
137 logit(a;) = Bro+ Z Brai * severity; + ﬁr,Zj * age; + Urtest/lab,
i=1 j=1
138
139

140  There are three age groups and three severity groups. Coefficients for the first groups are set to zero,
141 leaving two coefficients to be estimated per distributional parameter. u test/1ap, represent the random
142 effect for tests and laboratories. We evaluated multiple approaches for modelling antibody reversion
143 kinetics, including linear decay functions and various time-to-event distributions such as Weibull. After
144 comparative analysis, we selected a bi-exponential distribution. This model optimally captured the
145 biphasic nature of antibody dynamics: an initial rapid decline followed by a slower, plateau-like phase.
146  While a, was allowed to vary by severity, age group, and test, we determined through model selection
147  that the decay rate parameters A, fqsc and 450w could be treated as global parameters without
148  significant loss of fit. Multiple model structures were evaluated using Bayesian Information Criterion
149 (BIC) and convergence diagnostics, including interaction terms.

150

151 We used non-informative priors for the model coefficients (i.e., normal distributions with a relatively large
152 standard deviation of 100). The factors for test (or lab) were included as random effects with mean zero
153  and a gamma distributed prior for the standard deviation. Markov Chain Monte Carlo (MCMC) sampling
154  was performed using the R package nimble. We used three MCMC chains with 10,000 iterations each
155 and a burn-in of 4,000 iterations to perform posterior inference, while convergence of the different chains

156  was checked using the Gelman-Rubin statistic.

157  3.2. LABORATORY DATA

158 Reporting of laboratory results to a centralized database was mandatory during the COVID-19 pandemic

159 in Belgium. While SARS-CoV-2 IgG testing was not required in any situation, a large number of 1gG
7
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160 tests was performed. Within the centralized databases available through the LinkVacc project, test
161 results could be linked with data on vaccination, contact tracing and hospital surveillance using
162 pseudologized unique identifiers. We grouped test results by severity, age, test/laboratory and number
163 of weeks since PCR-confirmed infection. The number of positive samples out of all samples is fitted to
164  the previously defined binomial likelihood.

165

166  We considered three age groups: 18 to 49 years, 50 to 64 years and 65 to 74 years and three different
167  categories of clinical severity: self-reported asymptomatic, self-reported symptomatic or notified
168 hospitalized. Symptoms could be reported either before diagnosis (e.g., during the consultation) or
169  during contact tracing (when cases were interviewed about their contacts). If the case reported
170 symptoms at any point, the case was classified as symptomatic. If, upon investigation, the case reported
171 no symptoms, it was classified as asymptomatic. If this information was missing, the records were
172 excluded. Additionally, if a hospitalization for COVID-19 was reported in a period of 7 days before to 60
173  days after the first positive PCR test through the clinical hospital survey, the case was classified as
174 hospitalized [27]. Unfortunately, the specific serological test and cut-offs used were not reported by the
175 laboratory. The reporting laboratory was therefore used as a substitute for test and included as a random
176  variable in the model formulated in Section 3.1.

177

178  We only included information on subjects with positive PCR tests conducted in 2020, given the
179  documented changes in epidemiology and immunological responses after infection with new variants
180 (as compared to the wild-type SARS-CoV-2 strain) emerging from 2021 onwards. We excluded all IgG
181 tests that followed any subsequent PCR test after the first positive test as PCR-testing could be
182 indicative for additional exposure to SARS-CoV-2. IgG test results after vaccination were also excluded
183  from the analysis. We included no IgG test results obtained after June 2021.

184

185  3.3. LITERATURE DATA

186 We included two tests, chosen because of their use in two repeated cross-sectional seroprevalence
187  studies in Belgium, a semi-quantitative test (Eurolmmun), targeting the S1 protein and a semi-
188 quantitative test (Wantai) targeting the RBD. We included all studies listed in the systematic review by

189 Owusu-Boaitey et al. [3] in our statistical analysis. For the Wantai test, we also included the findings
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190 from the study by Henge et al. [28], originally excluded by Owusu-Boaitey et al. because the study
191 cohort, consisting exclusively of healthy blood donors, was not considered representative. Since our
192 model allowed us to differentiate by disease severity (including asymptomatic presentation), we did
193 include the study.

194

195  The data from scientific literature is included in the model in a similar way to the data obtained from
196 Belgian laboratories. As opposed to the data from the Belgian laboratories, the specific test is known
197 and included in the model as level for the random effect u ¢est/1ap,- FoOr each included paper, we obtained
198  the test, the number of (positive) samples by weeks since infection, the proportions of asymptomatic,
199 symptomatic and hospitalized persons in the cohort and the proportions within the age groups 18-49,
200 50-64 and 65-74 years. Whenever specifics on severity and age were not available, we included the
201 following default distributions. For clinical severity: 50% asymptomatic, 45% symptomatic and 5%
202 hospitalized (severe) as this was reported by Takahashi et al. [29] to be the average over serosurveys.
203 For age: we either included the default for Germany, if the study was performed in Germany: 18-49
204  (45%), 50-64 (35%) and 65-74 (20%) based on Neuhauser et al. [30] or the default for Denmark: 18-49
205 (64%), 50-64 (26%) and 65-74 (10%) based on Pires et al. [31]. For studies and regions outside of
206 Denmark and Germany for which we could not obtain a specific age distribution, we used as default a
207  distribution in between the German and Danish distributions: 18-49 (55%), 50-64 (30%) and 65-74

208 (15%). Details by study and weeks since infection are provided in S1 Table.

209

210 4.1. NUMBERS INCLUDED

211 In the centralized database there were 472 223 persons with a positive PCR test in 2020 in Belgium in
212  the age group from 18 years to 74 years. Of these persons 15% (N = 70 951) had IgG tests (N = 93
213 127) before July 2021. We had to exclude (in order of exclusion criterion) 6 856 IgG tests because they
214  followed vaccination, 39 622 tests because they either preceded the first positive PCR test or followed
215  any PCR test after the first positive PCR test. For 13 251 IgG tests, data on the severity of infection was
216 missing. Therefore, we could include 33 398 IgG tests from 30 002 persons reported by 84 laboratories.
217  The laboratory with the most records accounted for 14% of all IgG tests.

218
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219  Of these tests 28% were taken from individuals with asymptomatic infection, 67% from individuals with
220 symptomatic infection and 5% from hospitalized individuals. The division by age group was 51% (18-49
221 years), 35% (50-64 years) and 14% (65-74 years). 16% of tests were collected in the first 4 weeks, 42%
222 in weeks 4-11, 40% in weeks 12-35 and 1% later. The numbers by weeks since first positive PCR test,
223 clinical severity and age group are presented in Table 1.

224

225  Table 1: Number (and percentage) of included IgG tests following a positive SARS-CoV-2 PCR

226  testin 2020, by weeks since positive PCR test, clinical severity and age group, Belgian laboratory

227 data.
228
Severity Weeks since positive PCR test 18-49 years 50-64 years 65-74 years
0-3 1247 (3.7) 687 (2.1) 285 (0.9)
4-11 1854 (5.6) 1139 (3.4) 506 (1.5)
Asymptomatic
12-35 1917 (5.7) 1083 (3.2) 400 (1.2)
36+ 145 (0.4) 50 (0.1) 8 (0)
0-3 1430 (4.3) 965 (2.9) 421 (1.3)
4-11 5125 (15.3) 3520 (10.5) 1430 (4.3)
Symptomatic
12-35 5063 (15.2) 3357 (10.1) 1082 (3.2)
36+ 64 (0.2) 33(0.1) 4 (0)
0-3 102 (0.3) 135 (0.4) 162 (0.5)
4-11 129 (0.4) 288 (0.9) 198 (0.6)
Hospitalized
12-35 121 (0.4) 266 (0.8) 167 (0.5)
36+ 5(0) 4 (0) 6 (0)
229
230

10
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231 4.2. HIERARCHICAL BAYESIAN MODEL

232

233  The proportion that eventually undergoes seroconversion was associated with test, disease severity and
234 age. More specifically, the odds ratio of seroconversion when individuals were eventually hospitalized
235  as compared to self-reported asymptomatic was 6.98 (95%Crl: 4.85-11.37). Higher seroconversion was
236 associated with older age (OR 1.67 95%Crl 1.43-1.92) compared to the youngest age group (18-49-
237  years-old) (Table 2). Faster waning was associated with the youngest age group and symptomatic
238 infection as compared to the older age groups and asymptomatic infection (Table 3). The effect of the
239  different tests/laboratories is presented in the supporting information.

240

241 Table 2: Odds Ratios (OR) derived from the posterior distributions of the regression coefficients
242  for the proportion that eventually undergoes seroconversion after a positive PCR-test in 2020
243 (asymptomatic = self-reported asymptomatic, symptomatic = self-reported symptomatic,
244 hospitalized = notified hospitalized, SD = standard deviation), Belgian laboratory data and data

245 from published research.

246
95% Crl:
Variable OR
Lower Upper
Age
18-49 (ref) 1
50-64 1.31 [1.16 1.47
65-74 1.67 |[1.43 1.92
Severity
Asymptomatic (ref) 1
Symptomatic 2.21 1.95 2.55

11
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95% Crl:
Variable OR
Lower Upper
Hospitalized 6.98 |4.85 11.37
Random intercept SD
test/lab 1.71 1.51 1.97
247
248

249 Table 3: Odds Ratios (OR) derived from the posterior distributions of the regression coefficients
250 for the proportion associated with faster waning (asymptomatic = self-reported asymptomatic,
251 symptomatic = self-reported symptomatic, hospitalized = notified hospitalized, SD = standard

252  deviation), Belgian laboratory data and data from published research.

253

95% Crl:
Variable OR

Lower Upper
Age
18-49 (ref) 1
50-64 0.12 |0.02 0.29
65-74 0.03 |0 0.14
Severity
Asymptomatic (ref) 1
Symptomatic 258 [1.23 6.91
Hospitalized 0 0 0.62

12
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95% Crl:
Variable OR
Lower Upper
Random intercept SD
test/lab 2.41 1.58 3.69
254
255
256

257  We present the posterior distributions for seroconversion and seroreversion separately by clinical
258  severity and age group for the Eurolmmun and Wantai test in Fig 1. The process of seroconversion was
259  set equal over groups. By week 5, over 95% of those that will seroconvert had seroconverted. The
260 seroreversion occurred faster in younger age groups and in those with less severe infections not
261 requiring hospitalization. The Eurolmmun test was associated with more and faster seroreversion
262 compared to the Wantai test. The combined effects of proportion, conversion and reversion over time
263  since PCR-confirmed infection are presented in Fig 2.

264

265 Fig 1: Plots of the posterior Weibull distributions for seroconversion (upper) and seroreversion
266 (lower) by weeks since positive PCR test, clinical severity and age group for the Eurolmmun (left)
267 and the Wantai (right) test, Belgian laboratory data and data from published research.

268

269 Fig 2: Plots of the posterior scaled Weibull-Bi-exponential distribution for time-varying
270 seropositivity for the Eurolmmun (upper) and Wantai (lower) test by weeks since positive PCR
271 test, clinical severity and age group, Belgian laboratory data and data from published research.

272

273

274  We present the model fit to both Belgium’s laboratory data (Fig 3) and the data obtained from literature
275 (Fig 4). Considerable variation was linked to the test used or reporting laboratory. We presented the

276  distributions of the random effects (scale reversion and proportion converted) in S1 Fig.

13
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277
278
279  Fig 3: Plots of the posterior scaled Weibull-Wi-exponential distribution for the time-varying
280 seropositivity averaged over all laboratories (unweighted average) by weeks since positive PCR
281 test, clinical severity and age group, Belgian laboratory data, IgG tests after a positive PCR test

282  in 2020.

283

284 Fig 4: Posterior Predictive Checks: The proportion positive reported (dot) and the posterior
285 binomial confidence interval (error bars) by study (color) and weeks since positive PCR test for

286  the Eurolmmun (upper) and Wantai (lower) test, data from published research.

287

14
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288

289  This study provides a comprehensive analysis of factors influencing SARS-CoV-2 IgG test sensitivity
290 using a hierarchical Bayesian approach including data from published studies and Belgian laboratories.
291 Our key findings demonstrate that seropositivity following SARS-CoV-2 infection is significantly
292 influenced by three primary factors: the specific serological test used, the age of the individual, and the
293  severity of the initial infection.

294

295  Adjusting qualitative seroprevalence results for test-specific sensitivity and specificity to estimate past
296  exposure has become more common, but remains relatively rare. In a 2020 systematic review of global
297  SARS-CoV-2 antibody seroprevalence, Bobrovitz et al. reported that only 24% of studies provided
298  sensitivity and specificity estimates, with an even smaller proportion adjusting their seroprevalence
299  estimates accordingly [32]. The importance of these adjustments has been demonstrated. Studies using
300 the same seroprevalence data, but different sensitivity estimates have reported considerably different
301 infection fatality rates [33,34]. The limited use may be attributed to the complexity of these metrics.
302  Sensitivity depend not only on the test itself but also on the study cohort and time since infection. For
303  example, for the Eurolmmun serological test sensitivity estimates have been reported ranging from 94%
304  to 53%: the manufacturer reported a sensitivity 210 days post symptom onset of 94.4%. Researchers
305 in South Africa estimated sensitivity at 64.1% [6], Public Health England at 72%, 74.5% [35], 77.2% [36]
306  and a study on Antarctic cruise passengers at 81% declining to 76% at 3 months and 53% at 1 year
307  [37]. In this work, we propose a framework to harmonize these estimates and quantify test-specific
308 sensitivity by time since infection and given cohort characteristics: age and severity of the infection.
309 Previous meta-analysis with a comparable aim have disregarded these cohort characteristics and
310 limited their included studies to those with cohorts considered representative for the general population.
311 Given the high risk of patient selection bias associated with these studies [4,8], this is a considerable
312 limitation. The systematic review by Owusu-Boaitey et al. [3], for example, quantified test-specific
313  sensitivity over time but could only include one study [12] to estimate the sensitivity of the Wantai test
314 beyond 5 months after symptom-onset. This study by Scheiblauer et al. included PCR-confirmed cases
315 (N=390) of which none were asymptomatic and a large proportion (15.8%) were hospitalized. Other
316 studies on the Wantai test could not be included because the cohort was not considered representative.

317 For example, a study on blood donors [28] was excluded. We could include this population by accounting
15
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318  for the severity of the infection. In addition, we could include studies too recent to be included by Owusu-
319 Boaitey et al. [28,38]. We could not include the study by Perez-Saez et al. [39] since their cohort (N=354)
320  was established out of persons with an initial positive Eurolmmun test. Not all persons within the cohort
321 had a PCR-confirmed infection and dates of infection had to be estimated. Given initial seroconversion,
322  they estimated 40% seroreversion after 9 months. Likewise in our study we observed a decrease in the
323  sensitivity of the Eurolmmun test over time, albeit one less rapid. We observed a drop of around 20%
324 points for 18-49 year-olds with an initial symptomatic infection. This translates to seroreversion of around
325  25% of those that seroconverted over a 50 week period. For the Wantai serological test we observed
326 both higher initial and more durable seropositivity. The assay used has previously been established as
327  a major factor for seropositivity [40]. The Wantai serological test, the most sensitive and durable
328 serological test in this study, remains associated with a proportion non-responders. Non-response, non-
329 conversion or also sero-silence, is the absence of detectable antibodies at any time after infection. The
330  proportion of sero-silence after a PCR-confirmed infection is estimated at 5.2-7.8% [41—43]. As with the
331 previous findings this proportion also depends on the test used and the cohort characteristics.

332

333  Our other findings also largely agree with previously published longitudinal studies and reviews. The
334 severity of infection has been associated with high and persistent antibody levels by several studies
335 [44—49]. In addition, research reports lower sensitivity in young adults (ages younger than 40-50 years)
336 [50-52], but the association in older age groups seems less clear with contradictory findings. Higher age
337 has been mostly associated with slower waning [11,39,46,47,53,54] of the humoral immune response,
338 with some studies reporting faster waning [21,48]. We found higher seropositivity in those aged over 50
339  as compared to those below, but the effect of age was smaller than the effect of severity of infection.
340 We could not include persons beyond the age of 75 years. An age beyond which frailty and
341 immunosenescence might impact sensitivity [55].

342

343  This study has several limitations. The process of seroreversion was included using a bi-exponential
344 distribution. Some studies have opted for a Weibull distribution [26,56], others for a single exponential
345 [57,58] or splines on the logit scale [59]. We did not extrapolate beyond the periods available within the
346 data, but most of our data concerns the first weeks after PCR confirmation. As many other studies we
347  seta positive PCR-test as reference. Laboratory confirmation by PCR however has its own time-varying
348  sensitivity and specificity [60]. As no data were available on the test used by the reporting laboratory,

16


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

349 we used the reported laboratory as level for a random effect. We opted not to explore sex because initial
350 analysis did not associated sex with large differences in seropositivity after infection. Studies have
351 claimed to find no strong evidence of heterogeneity in antibody persistence by sex [61]. With some
352 claiming a more durable response in females [48]. The age groups in this analysis as well as the specific
353 tests were chosen in preparation of future work on two cross-sectional seroprevalence studies.

354

355 In conclusion, our study provided a comprehensive framework for estimating time-varying, test-specific
356 sensitivity in serological testing for SARS-CoV-2, accounting for the critical factors of disease severity,
357  age, and time since infection. The results demonstrate that seropositivity is significantly influenced by
358 test selection, with the Wantai test showing superior performance compared to the Eurolmmun test in
359  both initial detection and long-term durability. Our findings reveal that older age (50-74 year) and more

360 severe infection lead to higher and more durable seropositivity.

361
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6. Supporting Information Captions

S$1 Fig: Discrete approximation of the distribution of the random effects associated with test/lab
for the random effect in proportion seroconverted (upper) and the scale of the Weibull
representing seroreversion (lower). The values associated with the Euroimmun and Wantai tests

are annotated.

7. References

1. Bergeri |, Whelan MG, Ware H, Subissi L, Nardone A, Lewis HC, et al. Global SARS-CoV-2
seroprevalence from January 2020 to April 2022: A systematic review and meta-analysis of

standardized population-based studies. PLOS Med. 2022 Nov 10;19(11):e1004107.

2. Dehgani-Mobaraki P, Zaidi AK, Yadav N, Floridi A, Floridi E. Longitudinal observation of antibody

responses for 14 months after SARS-CoV-2 infection. Clin Immunol. 2021 Sep 1;230:108814.

3.  Owusu-Boaitey N, Russell TW, Meyerowitz-Katz G, Levin AT, Herrera-Esposito D. Dynamics of
SARS-CoV-2 seroassay sensitivity: a systematic review and modelling study. Eurosurveillance.

2023 May 25;28(21):2200809.

4. Fox T, Geppert J, Dinnes J, Scandrett K, Bigio J, Sulis G, et al. Antibody tests for identification of
current and past infection with SARS-CoV-2. Cochrane Database Syst Rev [Internet]. 2022 [cited
2024 Jun 2];(11). Available from:

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013652.pub2/full

5. Kenfack DD, Nguefack-Tsague G, Penlap VB, Maidadi MF, Godwe C, Njayou NF, et al.
Comparative evaluation of SARS-CoV-2 serological tests shows significant variability in
performance across different years of infection and between the tests. J Clin Virol Plus. 2023 Nov

1:3(4):100168.

18


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

386 6. Gededzha MP, Mampeule N, Jugwanth S, Zwane N, David A, Burgers WA, et al. Performance of
387 the EUROIMMUN Anti-SARS-CoV-2 ELISA Assay for detection of IgA and IgG antibodies in South

388 Africa. PLOS ONE. 2021 Jun 23;16(6):e0252317.

389 7. Gudbjartsson DF, Norddahl GL, Melsted P, Gunnarsdottir K, Holm H, Eythorsson E, et al. Humoral

390 Immune Response to SARS-CoV-2 in Iceland. N Engl J Med. 2020 Oct 29;383(18):1724-34.

391 8. Bastos ML, Tavaziva G, Abidi SK, Campbell JR, Haraoui LP, Johnston JC, et al. Diagnostic
392 accuracy of serological tests for covid-19: systematic review and meta-analysis. BMJ. 2020 Jul

393 1;370:m2516.

394 9. Gallais F, Gantner P, Bruel T, Velay A, Planas D, Wendling MJ, et al. Evolution of antibody
395 responses up to 13 months after SARS-CoV-2 infection and risk of reinfection. EBioMedicine.

396 2021 Sep;71:103561.

397 10. Yang, Yang M, Peng, Liang Y, Wei J, Xing L, et al. Longitudinal analysis of antibody dynamics
398 in COVID-19 convalescents reveals neutralizing responses up to 16 months after infection. Nat

399 Microbiol. 2022 Feb 7;1-11.

400 11. Muecksch F, Wise H, Batchelor B, Squires M, Semple E, Richardson C, et al. Longitudinal
401 Serological Analysis and Neutralizing Antibody Levels in Coronavirus Disease 2019 Convalescent

402 Patients. J Infect Dis. 2021 Feb 1;223(3):389-98.

403 12. Scheiblauer H, Nubling CM, Wolf T, Khodamoradi Y, Bellinghausen C, Sonntagbauer M, et al.

404 Antibody response to SARS-CoV-2 for more than one year — kinetics and persistence of detection
405 are predominantly determined by avidity progression and test design. J Clin Virol. 2022 Jan
406 1;146:105052.

407 13. Manisty C, Treibel TA, Jensen M, Semper A, Joy G, Gupta RK, et al. Time series analysis and

408 mechanistic modelling of heterogeneity and sero-reversion in antibody responses to mild
409 SARS-CoV-2 infection. eBioMedicine [Internet]. 2021 Mar 1 [cited 2024 May 31];65. Available
410 from: https://www.thelancet.com/journals/ebiom/article/Pl1S2352-3964(21)00052-9/fulltext

19


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

411 14. Amellal H, Assaid N, Charoute H, Akarid K, Maaroufi A, Ezzikouri S, et al. Kinetics of specific anti-
412 SARS-CoV-2 IgM, IgA, and IgG responses during the first 12 months after SARS-CoV-2 infection:

413 A prospective longitudinal study. PLOS ONE. 2023 Jul 12;18(7):e0288557.

414 15.  Marklund E, Leach S, Nystrém K, Lundgren A, Liljeqvist JA, Nilsson S, et al. Longitudinal Follow

415 Up of Immune Responses to SARS-CoV-2 in Health Care Workers in Sweden With Several
416 Different Commercial IgG-Assays, Measurement of Neutralizing Antibodies and CD4+ T-Cell
417 Responses. Front Immunol [Internet]. 2021 Nov 2 [cited 2024 Jun 3];12. Available from:
418 https://lwww.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.750448/full

419 16. Petrie JG, Pattinson D, King JP, Neumann G, Guan L, Jester P, et al. SARS-CoV-2 incidence,
420 seroprevalence, and antibody dynamics in a rural, population-based cohort: March 2020 — July

421 2022. Am J Epidemiol. 2024 Jun 17;kwae125.

422 17. Lau EHY, Tsang OTY, Hui DSC, Kwan MYW, Chan W hung, Chiu SS, et al. Neutralizing antibody

423 titres in SARS-CoV-2 infections. Nat Commun. 2021 Jan 4;12(1):63.

424 18. Herrington DM, Sanders JW, Wierzba TF, Alexander-Miller M, Espeland M, Bertoni AG, et al.
425 Duration of SARS-CoV-2 sero-positivity in a large longitudinal sero-surveillance cohort: the

426 COVID-19 Community Research Partnership. BMC Infect Dis. 2021 Aug 30;21(1):889.

427 19. Ibarrondo FJ, Fulcher JA, Goodman-Meza D, Elliott J, Hofmann C, Hausner MA, et al. Rapid
428 Decay of Anti-SARS-CoV-2 Antibodies in Persons with Mild Covid-19. N Engl J Med. 2020 Sep

429 9:383(11):1085-7.

430 20. Post N, Eddy D, Huntley C, Schalkwyk MCI van, Shrotri M, Leeman D, et al. Antibody response
431 to SARS-CoV-2 infection in humans: A systematic review. PLOS ONE. 2020 Dec

432 31;15(12):e0244126.

433 21. Vanshylla K, Cristanziano VD, Kleipass F, Dewald F, Schommers P, Gieselmann L, et al. Kinetics
434 and correlates of the neutralizing antibody response to SARS-CoV-2 infection in humans. Cell

435 Host Microbe. 2021 Jun 9;29(6):917-929.e4.

20


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

436 22. Petersen MS, Pérez-Alds L, Armenteros JJA, Hansen CB, Fjallsbak JP, Larsen S, et al. Factors
437 influencing the immune response over 15 months after SARS-CoV-2 infection: A longitudinal

438 population-wide study in the Faroe Islands. J Intern Med. 2023;293(1):63-81.

439 23. Tea F, Stella AO, Aggarwal A, Darley DR, Pilli D, Vitale D, et al. SARS-CoV-2 neutralizing
440 antibodies: Longevity, breadth, and evasion by emerging viral variants. PLOS Med. 2021 Jul

441 6;18(7):e1003656.

442 24, ROGAN WJ, GLADEN B. ESTIMATING PREVALENCE FROM THE RESULTS OF A

443 SCREENING TEST. Am J Epidemiol. 1978 Jan 1;107(1):71-6.

444 25. Vaughan A, Duffell E, Freidl GS, Lemos DS, Nardone A, Valenciano M, et al. Systematic review

445 of seroprevalence of SARS-CoV-2 antibodies and appraisal of evidence, prior to the widespread
446 introduction of vaccine programmes in the WHO European Region, January—December 2020.
447 BMJ Open. 2023 Nov 1;13(11):e064240.

448  26. Shioda K, Lau MSY, Kraay ANM, Nelson KN, Siegler AJ, Sullivan PS, et al. Estimating the
449 Cumulative Incidence of SARS-CoV-2 Infection and the Infection Fatality Ratio in Light of Waning

450 Antibodies. Epidemiology. 2021 Jul;32(4):518.

451 27. Van Goethem N, Vilain A, Wyndham-Thomas C, Deblonde J, Bossuyt N, Lernout T, et al. Rapid
452 establishment of a national surveillance of COVID-19 hospitalizations in Belgium. Arch Public

453 Health Arch Belg Sante Publique. 2020 Nov 18;78(1):121.

454 28. Hgnge BL, Hindhede L, Kaspersen KA, Harritshgj LH, Mikkelsen S, Holm DK, et al. Long-term
455 detection of SARS-CoV-2 antibodies after infection and risk of re-infection. Int J Infect Dis. 2022

456 Mar 1;116:289-92.

457  29. Takahashi S, Peluso MJ, Hakim J, Turcios K, Janson O, Routledge I, et al. SARS-CoV-2 Serology
458 Across Scales: A Framework for Unbiased Estimation of Cumulative Incidence Incorporating

459 Antibody Kinetics and Epidemic Recency. Am J Epidemiol. 2023 Sep 1;192(9):1562—75.

460  30. Neuhauser H, Rosario AS, Butschalowsky H, Haller S, Hoebel J, Michel J, et al. Nationally
461 representative results on SARS-CoV-2 seroprevalence and testing in Germany at the end of 2020.

462 Sci Rep. 2022 Nov 14;12:19492.
21


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

463 31. Pires SM, Redondo HG, Espenhain L, Jakobsen LS, Legarth R, Meaidi M, et al. Disability adjusted
464 life years associated with COVID-19 in Denmark in the first year of the pandemic. BMC Public

465 Health. 2022 Jul 9;22(1):1315.

466 32. Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M, Donnici C, et al. Global seroprevalence of SARS-
467 CoV-2 antibodies: A systematic review and meta-analysis. PLOS ONE. 2021 Jun

468 23;16(6):e0252617.

469  33. Lohse S, Sternjakob-Marthaler A, Lagemann P, Schope J, Rissland J, Seiwert N, et al. German
470 federal-state-wide seroprevalence study of 1st SARS-CoV-2 pandemic wave shows importance

471 of long-term antibody test performance. Commun Med. 2022 May 18;2(1):1-12.

472 34. Kadelka S, Bouman JA, Ashcroft P, Regoes RR. Correcting for Antibody Waning in Cumulative

473 Incidence Estimation From Sequential Serosurveys. Am J Epidemiol. 2024 May 7;193(5):777-86.

474 35. Graninger M, Jani CM, Reuberger E, Priiger K, Gaspar P, Springer DN, et al. Comprehensive

475 Comparison of Seven SARS-CoV-2-Specific Surrogate Virus Neutralization and Anti-Spike IgG
476 Antibody Assays Using a Live-Virus Neutralization Assay as a Reference. Microbiol Spectr. 2023
477 Jan 9;11(1):e02314-22.

478 36. Olbrich L, Castelletti N, Schalte Y, Gari M, Pltz P, Bakuli A, et al. Head-to-head evaluation of
479 seven different seroassays including direct viral neutralisation in a representative cohort for SARS-

480 CoV-2. J Gen Virol. 2021 Oct 8;102(10):001653.

481 37. Bailie CR, Tseng YY, Carolan L, Kirk MD, Nicholson S, Fox A, et al. Trend in Sensitivity of Severe

482 Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Serology One Year After Mild and
483 Asymptomatic Coronavirus Disease 2019 (COVID-19): Unpacking Potential Bias in
484 Seroprevalence Studies. Clin Infect Dis Off Publ Infect Dis Soc Am. 2022 Jan 13;75(1):e357-60.

485 38. Barrios MH, Nicholson S, Bull RA, Martinello M, Rawlinson W, Mina M, et al. Comparative
486 Longitudinal Serological Study of Anti-SARS-CoV-2 Antibody Profiles in People with COVID-19.

487 Microorganisms. 2023 Aug;11(8):1985.

22


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

488  39. Perez-Saez J, Zaballa ME, Yerly S, Andrey DO, Meyer B, Eckerle |, et al. Persistence of anti-
489 SARS-CoV-2 antibodies: immunoassay heterogeneity and implications for serosurveillance. Clin

490 Microbiol Infect. 2021 Nov 1;27(11):1695.e7-1695.e12.

491 40. Llorente F, Pérez-Ramirez E, Pérez-Olmeda M, Dafouz-Bustos D, Fernandez-Pinero J, Martinez-

492 Cortés M, et al. The Detection of SARS-CoV-2 Antibodies in an Exposed Human Population Is
493 Biased by the Immunoassay Used: Implications in Serosurveillance. Pathogens. 2023
494 Nov;12(11):1360.

495  41. Wiwe EF, Carlsson ER, Rasmussen CL, Rasmussen P, Ougaard R, Hansen SI, et al. Long-Term
496 Comparison of 7 SARS-CoV-2 Antibody Assays in the North Zealand Covid-19 Cohort. J Appl Lab

497 Med. 2022 May 1;7(3):711-26.

498 42. Robertson LJ, Moore JS, Blighe K, Ng KY, Quinn N, Jennings F, et al. Evaluation of the 1gG
499 antibody response to SARS CoV-2 infection and performance of a lateral flow immunoassay:

500 cross-sectional and longitudinal analysis over 11 months. BMJ Open. 2021 Jun 1;11(6):e048142.

501 43. Wu F, Wang A, Liu M, Wang Q, Chen J, Xia S, et al. Neutralizing antibody responses to SARS-

502 CoV-2 in a COVID-19 recovered patient cohort and their implications [Internet]. medRxiv; 2020
503 [cited 2024 Jun 2]. p. 2020.03.30.20047365. Available from:
504 https://www.medrxiv.org/content/10.1101/2020.03.30.20047365v2

505 44. Chia WN, Zhu F, Ong SWX, Young BE, Fong SW, Bert NL, et al. Dynamics of SARS-CoV-2
506 neutralising antibody responses and duration of immunity: a longitudinal study. Lancet Microbe.

507 2021 Jun 1;2(6):e240-9.

508 45. Petersen LR, Sami S, Vuong N, Pathela P, Weiss D, Morgenthau BM, et al. Lack of Antibodies to
509 Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in a Large Cohort of Previously

510 Infected Persons. Clin Infect Dis. 2021 Nov 1;73(9):e3066—73.

511 46. Peluso MJ, Takahashi S, Hakim J, Kelly JD, Torres L, lyer NS, et al. SARS-CoV-2 antibody
512 magnitude and detectability are driven by disease severity, timing, and assay. Sci Adv. 2021 Jul

513 30;7(31):eabh3409.

23


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

514  47. Lumley SF, Wei J, O’'Donnell D, Stoesser NE, Matthews PC, Howarth A, et al. The Duration,

515 Dynamics, and Determinants of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
516 2) Antibody Responses in Individual Healthcare Workers. Clin Infect Dis. 2021 Aug 1;73(3):e699—
517 709.

518 48. Kim Y, Bae JY, Kwon K, Chang HH, Lee WK, Park H, et al. Kinetics of neutralizing antibodies
519 against SARS-CoV-2 infection according to sex, age, and disease severity. Sci Rep. 2022 Aug

520 5:12(1):13491.

521 49. Pradenas E, Trinité B, Urrea V, Marfil S, Tarrés-Freixas F, Ortiz R, et al. Clinical course impacts

522 early kinetics,magnitude, and amplitude of SARS-CoV-2 neutralizing antibodies beyond 1 year
523 after infection. Cell Rep Med [Internet]. 2022 Feb 15 [cited 2024 Oct 14];3(2). Available from:
524 https://www.cell.com/cell-reports-medicine/abstract/S2666-3791(22)00023-4

525 50. Theel ES, Kirby JE, Pollock NR. Testing for SARS-CoV-2: lessons learned and current use cases.

526 Clin Microbiol Rev. 2024 Mar 15;37(2):e00072-23.

527  51. Yang HS, Costa V, Racine-Brzostek SE, Acker KP, Yee J, Chen Z, et al. Association of Age With

528 SARS-CoV-2 Antibody Response. JAMA Netw Open. 2021 Mar 1;4(3):e214302.

529  52. Irwin N, Murray L, Ozynski B, Richards GA, Paget G, Venturas J, et al. Age significantly influences

530 the sensitivity of SARS-CoV-2 rapid antibody assays. Int J Infect Dis. 2021 Aug;109:304-9.

531 53. Movsisyan M, Truzyan N, Kasparova I, Chopikyan A, Sawaged R, Bedross A, et al. Tracking the
532 evolution of anti-SARS-CoV-2 antibodies and long-term humoral immunity within 2 years after

533 COVID-19 infection. Sci Rep. 2024 Jun 11;14(1):13417.

534 54. Peghin M, De Martino M, Fabris M, Palese A, Visintini E, Graziano E, et al. The Fall in Antibody
535 Response to SARS-CoV-2: a Longitudinal Study of Asymptomatic to Critically Ill Patients Up to 10

536 Months after Recovery. J Clin Microbiol. 2021 Oct 19;59(11):10.1128/jcm.01138-21.

537 55. Meyers E, De Rop ,Liselore, Deschepper ,Ellen, Duysburgh ,Els, De Burghgraeve ,Tine, Van Ngoc

538 ,Pauline, et al. Prevalence of SARS-CoV-2 antibodies among Belgian nursing home residents and
539 staff during the primary COVID-19 vaccination campaign. Eur J Gen Pract. 2023 Dec
540 31;29(2):2149732.

24


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

541 56. Brazeau NF, Verity R, Jenks S, Fu H, Whittaker C, Winskill P, et al. Estimating the COVID-19
542 infection fatality ratio accounting for seroreversion using statistical modelling. Commun Med. 2022

543 May 19;2(1):1-13.

544 57. Buss LF, Prete CA, Abrahim CMM, Mendrone A, Salomon T, de Almeida-Neto C, et al. Three-
545 quarters attack rate of SARS-CoV-2 in the Brazilian Amazon during a largely unmitigated

546 epidemic. Science. 2021 Jan 15;371(6526):288-92.

547  58. Duong S, Burtniak J, Gretchen A, Mai A, Klassen P, Wei Y, et al. Riding high: seroprevalence of
548 SARS-CoV-2 after 4 pandemic waves in Manitoba, Canada, April 2020-February 2022. BMC

549 Public Health. 2023 Dec 5;23(1):2420.

550 59. Barber RM, Sorensen RJD, Pigott DM, Bisignano C, Carter A, Amlag JO, et al. Estimating global,
551 regional, and national daily and cumulative infections with SARS-CoV-2 through Nov 14, 2021: a

552 statistical analysis. The Lancet. 2022 Jun 25;399(10344):2351-80.

553  60. Puhach O, Meyer B, Eckerle I. SARS-CoV-2 viral load and shedding kinetics. Nat Rev Microbiol.

554 2023 Mar;21(3):147-61.

555  61. Besevi¢ J, Lacey B, Callen H, Omiyale W, Conroy M, Feng Q, et al. Persistence of SARS-CoV-2
556 antibodies over 18 months following infection: UK Biobank COVID-19 Serology Study. J Epidemiol

557 Community Health. 2024 Feb 1;78(2):105-8.

558 62. Kahre E, Galow L, Unrath M, Haag L, Blankenburg J, Dalpke AH, et al. Kinetics and
559 seroprevalence of SARS-CoV-2 antibodies: a comparison of 3 different assays. Sci Rep. 2021 Jul

560 21;11(1):14893.

561 63. Choe PG, Kim KH, Kang CK, Suh HJ, Kang E, Lee SY, et al. Antibody Responses One Year after
562 Mild SARS-CoV-2 Infection. J Korean Med Sci [Internet]. 2021 May 21 [cited 2024 Aug 26];36(21).

563 Available from: https://synapse.koreamed.org/articles/1147015

564 64. Alvim RGF, Lima TM, Rodrigues DAS, Marsili FF, Bozza VBT, Higa LM, et al. From a recombinant
565 key antigen to an accurate, affordable serological test: Lessons learnt from COVID-19 for future

566 pandemics. Biochem Eng J. 2022 Aug 1;186:108537.

25


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

567 65. Eberhardt KA, Dewald F, Heger E, Gieselmann L, Vanshylla K, Wirtz M, et al. Evaluation of a New
568 Spike (S)-Protein-Based Commercial Immunoassay for the Detection of Anti-SARS-CoV-2 IgG.

569 Microorganisms. 2021 Apr;9(4):733.

570 66. Garritsen A, Scholzen A, van den Nieuwenhof DWA, Smits APF, Datema ES, van Galen LS, et al.

571 Two-tiered SARS-CoV-2 seroconversion screening in the Netherlands and stability of
572 nucleocapsid, spike protein domain 1 and neutralizing antibodies. Infect Dis. 2021 Jul 3;53(7):498—
573 512.

574 67. Cito F, Amato L, Di Giuseppe A, Danzetta ML, lannetti S, Petrini A, et al. A COVID-19 Hotspot

575 Area: Activities and Epidemiological Findings. Microorganisms. 2020 Nov;8(11):1711.

576 68. Espenhain L, Tribler S, Sveerke Jgrgensen C, Holm Hansen C, Wolff Sénksen U, Ethelberg S.

577 Prevalence of SARS-CoV-2 antibodies in Denmark: nationwide, population-based
578 seroepidemiological study. Eur J Epidemiol. 2021 Jul 1;36(7):715-25.
579

26


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

1.00 o I%

Tl

o=
P
n
L
e
|
1

unwwjoin3g

o
-
h
|
e
]
=
e
=

Test sensitivity

0.75-

0.50 +

0.25 5

IBJUBAN

0 10 20 30 40 50
Weeks since positive PCR test

Figd



https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

[ ]
»
12 -
>
2 B- ®
® Eurolmmun L
& -
4 - :
& Wantai
L [ ]
[ ] [ ] ] ®
-0.9 0.0 0.0 1.0
prop.conv.test
o = o e o
4 = o0 L
= 31 ® o @
Eurolmmun
2 ® e o ° ae ® o0 ®
Wantai
1 - - o 9 ] e & 99 e & @9 - L ] - * @
-4 = 0
alpha.test

Supporting Information Fig1



https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

1.0 1

3

0.8 4

Proportion seroconverted

Eurolmmun

edRxiv preprint doi: https://doi.org/10.1101/2025.06.29.25330529; this version posted June 30, 2025. The ¢
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to disp
It is made available under a CC-BY 4.0 International license .

opyright holder for
reprint in

ay th

Proportion seroconverte

Proportion seroreverted

0.4 -
0 10 20 30 40 50
Weeks since positive PCR test

°
2 0.2-
aQ
-
4]
-
o
]
W
|
o
5 0.1
o
o
a

0.0-

0 10 20 30 40 50

Weeks since seroconversion

Wantai

1.0 1

this prepfint
perpetuity.

=
oo
I

=
o
1

0.4 4

10 20 30 40 50
Weeks since positive PCR test

0.0154

0.010 4

0.005 1

0.000 4

10 20 30 40 50
Weeks since seroconversion

- Age Group — [18,50) ---- [50,65) —--- [EE.?E}I Severity — asymp — symp — hosp -

Fig


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

Eurolmmun

[18,50) [50,65) [65,75)
1.0 -
.f"- == D —— -'f-- - == -
medRxiv preprlnt doi: https://doi.org/10.1101/2025.06.29.25330529; this version |posted June 30, 2025. The copyright holder for this preprint
(WhICh was not certified by peer review) is the author/funder, who has granted medR to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 | ternatio al license .
0.8 -
Foy
=
w
o
Q 0.6-
'
o
|_
0.4 1
0 10 20 30 40 50 0 10 20 30 40 50 O 0 20 30 40 50
Weeks since positive PCR test
Wantai
[18,50) [50,65) [65,75)
1.0 1 — - - — — —
€
=
= 0.8-
o
o
(@]
—_
ib]
oy
2 0.6
b
o
o
o]
=
(1
0.4 - |
T T T 1 T L T L T T I T T T T I T L
0 10 20 30 40 20 0 10 20 30 40 50 0O 10 20 30 40 20

Fig2

Weeks since positive PCR test

asymp —— symp


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

1.00 -

0 j"ﬁw(deiv preprint d

0.50 -

0.25 -

Weibull-Two-exponential Model Fit

& a® & @ * e e 00

iwhich was not

ﬂl]ﬂ = - -

1.00 89 90000 SoosPe SN

0.75 1

0.25-

0.00 4

Test sensitivity
o
3

1.00 L0 0O R000000008 B8 oGBssss o

0.75 -

0.50 -

0.251

0.00 4 s

Fig3

) =

Weeks since positive PCR test

10 20 30 40 50

severity
== asymp

- symp
—=— hosp


https://doi.org/10.1101/2025.06.29.25330529
http://creativecommons.org/licenses/by/4.0/

