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Supplementary Tables
S1 Table: Informative priors for the distributional parameters of the Weibull-bi-exponential distribution. How these informative priors are used in the model can be found in the chapter ‘Nimble code’ of this supporting information. 
	Test
	Age Group
	Severity
	Parameter
	Mean
	St. Dev.

	
	All
	All
	lambda1
	0.03352923081
	0.00657969357

	
	
	
	lambda2
	0.00019819059
	0.00007715640

	
	
	
	scale.conv
	1.75276340355
	0.03519184932

	
	
	
	shape.conv
	1.28143183471
	0.04150397613

	EuroImmun
	18-49
	Asymp
	alpha
	0.17561207796
	0.06754884997

	
	
	
	prop.conv
	0.75449073040
	0.02985672658

	
	
	Hosp
	alpha
	0.01209530186
	0.01090876083

	
	
	
	prop.conv
	0.83614310207
	0.02320052990

	
	
	Symp
	alpha
	0.03135282962
	0.02214579091

	
	
	
	prop.conv
	0.80088709638
	0.02607346538

	
	50-64
	Asymp
	alpha
	0.34077629107
	0.06926998505

	
	
	
	prop.conv
	0.87144697025
	0.01764592284

	
	
	Hosp
	alpha
	0.02549544589
	0.01646064415

	
	
	
	prop.conv
	0.91854334195
	0.01183205385

	
	
	Symp
	alpha
	0.06619488684
	0.02855300164

	
	
	
	prop.conv
	0.89881650026
	0.01402652105

	
	65-74
	Asymp
	alpha
	0.02166832429
	0.03169786872

	
	
	
	prop.conv
	0.95432967260
	0.01155382487

	
	
	Hosp
	alpha
	0.00127845533
	0.00226052809

	
	
	
	prop.conv
	0.97204142166
	0.00722704340

	
	
	Symp
	alpha
	0.00342093563
	0.00552958770

	
	
	
	prop.conv
	0.96479639728
	0.00883836101

	Wantai
	18-49
	Asymp
	alpha
	0.00250939225
	0.00312263966

	
	
	
	prop.conv
	0.91928864765
	0.00496856630

	
	
	Hosp
	alpha
	0.00014179088
	0.00021623500

	
	
	
	prop.conv
	0.94980981105
	0.00467561076

	
	
	Symp
	alpha
	0.00040081429
	0.00060969568

	
	
	
	prop.conv
	0.93714274330
	0.00504679727

	
	50-64
	Asymp
	alpha
	0.00585501558
	0.00673287782

	
	
	
	prop.conv
	0.96177228360
	0.00305967978

	
	
	Hosp
	alpha
	0.00030059252
	0.00039751628

	
	
	
	prop.conv
	0.97666278132
	0.00220567165

	
	
	Symp
	alpha
	0.00085658871
	0.00109373681

	
	
	
	prop.conv
	0.97055366857
	0.00251586031

	
	65-74
	Asymp
	alpha
	0.00022085967
	0.00046099880

	
	
	
	prop.conv
	0.98730224475
	0.00275639412

	
	
	Hosp
	alpha
	0.00001291222
	0.00003028047

	
	
	
	prop.conv
	0.99232898674
	0.00171446328

	
	
	Symp
	alpha
	0.00003590236
	0.00008479650

	
	
	
	prop.conv
	0.99028659508
	0.00209727567




S2 Table: The numbers (TN = True Negatives, FP = False Positives) used for estimating the test’s specificity and the study from which the numbers were obtained. References can be found at the end of this document.
	Test
	TN
	FP
	Reference

	EuroImmun
	326
	4
	[1]

	
	676
	5
	[2]

	
	82
	7
	[3]

	
	594
	5
	[4]

	
	156
	1
	[5]

	Wantai
	676
	5
	[2]

	
	82
	2
	[3]

	
	656
	3
	[4]

	
	145
	1
	[5]

	
	507
	9
	[6]




S3 Table: Delays in weeks associated with COVID-19 hospitalization and death. E.g. Of those infections that result in death 13% (95% 3%-23%) do so within the same week for the age group 18 to 49 years (CrI = 95% Credibility interval). 
	outcome
	Delay (in weeks)
	18-49
	CrI
	50-64
	CrI
	65-74
	CrI

	death
	0
	0.13
	0.03-0.24
	0.09
	0.02-0.17
	0.09
	0.02-0.17

	
	1
	0.07
	0-0.24
	0.26
	0.12-0.4
	0.34
	0.2-0.49

	
	2
	0.43
	0.23-0.63
	0.22
	0.1-0.35
	0.25
	0.14-0.37

	
	3-8
	0.37
	0.2-0.53
	0.43
	0.34-0.51
	0.31
	0.24-0.37

	hospitalization
	0
	0.67
	0.58-0.76
	0.75
	0.63-0.88
	0.89
	0.76-0.97

	
	1
	0.05
	0-0.14
	0.08
	0-0.19
	0.06
	0-0.17

	
	2
	0.12
	0.06-0.17
	0.10
	0.04-0.15
	0.03
	0-0.09

	
	3-8
	0.16
	0.11-0.2
	0.07
	0.02-0.11
	0.02
	0-0.05



Supplementary Figures
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S1 Fig: The weekly number of intakes reported through the Surge Capacity Survey (SCS) and the Clinical Hospital Survey (CHS). 

The SCS and the CHS are two distinct surveys. Participating in the SCS was mandatory and the number of new intakes had to be reported within 24 hours. In addition to surveillance purposes, the survey helped manage capacity and transfers. No individual data were collected. The CHS was a voluntary survey that collected data on the patient profile, length of stay, clinical characteristics at presentation and during the hospital stay and outcomes. While voluntary, the participation to this survey was very good throughout 2020.
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S2 Fig: The scaled Weibull-bi-exponential distribution resulting from the informative priors for the EuroImmun test (left) and the Wantai test (right) for asymptomatic infection (upper) and symptomatic infections (lower). 95% Credible Intervals are represented by transparent ribbons. 

In previous work, we combined data on seroconversion and reversion from literature and Belgium’s laboratory SARS-CoV-2 testing to obtain parametric curves for the scaled seroconversion and seroreversion [7]. 
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S3 Fig: The cumulative incidence over time by age group (18 to 49 years, 50 to 64 years and 65 to 74 years of age). 95% Credible Intervals are represented by transparent ribbons. February 2020 – January 2021, Belgium.
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S4 Fig: Sensitivity analysis to assess the impact of the sensitivity of the serological tests. In the sensitivity analysis, the sensitivity of the serological tests has one, age- and time-invariant, sensitivity estimate per test. The weighted seroprevalence observed by study and date of the collection round is presented by dots, while the posterior model fit for the seroprevalence are presented with lines for both seroprevalence studies and the 95% Credible Intervals (CrI) with transparent ribbons. In addition, the cumulative incidence and CrI are presented for age group 18-49 years (A), 50-64 years (B) and 65-74 years (C). February 2020 – January 2021, Belgium.
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S5 Fig (A): Posterior 95% Predictive Intervals from the beta-binomial distribution for the seroprevalence by age group (18 to 49 years, 50 to 64 years and 65 to 74 years of age) and the observed number of positive tests for both the Blood Donor Samples (BDS) and the Residual Lab Samples (RLS). Stars mark those observations outside of the 95% predictive intervals. 
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S5 Fig (B): Posterior 95% Predictive Intervals from the binomial distribution for the weekly number of hospitalizations in the Clinical Hospital Survey (CHS) by age group (18 to 49 years, 50 to 64 years and 65 to 74 years of age) and the observed number of hospital intakes. Stars mark those observations outside of the 95% predictive intervals. 
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S5 Fig (C): Posterior 95% Predictive Intervals from the binomial distribution for the weekly number of deaths by age group (18 to 49 years, 50 to 64 years and 65 to 74 years of age) and the observed number of deaths from the COVID-19 mortality surveillance. Stars mark those observations outside of the 95% predictive intervals. 
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S6 Fig (A): Time series for the weekly number of infections (estimated), cases, number of hospital intakes from the Clinical Hospital Survey (CHS) and number of deaths from the COVID-19 mortality surveillance in the age group 18 to 49 years. 95% Credible Intervals are represented by transparent ribbons. February 2020 – January 2021, Belgium.
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S6 Fig (B): Time series for the weekly number of infections (estimated), cases, number of hospital intakes from the Clinical Hospital Survey (CHS) and number of deaths from the COVID-19 mortality surveillance in the age group 50 to 64 years. 95% Credible Intervals are represented by transparent ribbons. February 2020 – January 2021, Belgium.
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S6 Fig (C): Time series for the weekly number of infections (estimated), cases, number of hospital intakes from the Clinical Hospital Survey (CHS) and number of deaths from the COVID-19 mortality surveillance in the age group 65 to 74 years. 95% Credible Intervals are represented by transparent ribbons. February 2020 – January 2021, Belgium.



Nimble Code
Main analysis
####*** Jointly model the residual sample seroprevalence and blood donor seroprevalence ***
####*** as observations from the true population seroprevalence                         ***
## 14/03/2021
## Toon Braeye
## Cleaned version

seroSev.Model <- nimbleCode({

  #############################################################################
  ## Seroconversion and Seroreversion by severity/test group
  #############################################################################

  for (g in 1:n.severity.test) {

    for (t in 1:n.week) {

      # Proportion infected with specific severity (in tested group)
      Pit.severity.test[t, g] <- Pit[t] * prop.severity.test[t, severity.test.num.group[g]]

      # Test-corrected observed seropositivity in the general population
      Pobs.severity.test[t, g] <- (
        inprod(sero.inv.Reconversion[(n.week-t+1):n.week, g], Pit.severity.test[1:t, g]) +
        (1 - sp.test[severity.test.num.test[g]]) *
          (1 * prop.severity.test[t, severity.test.num.group[g]] - sum(Pit.severity.test[1:t, g]))
      )

      # Seroconversion (Weibull)
      sero.conv[t, g] <- pweibull(t, shape = shape.conv, scale = scale.conv) * prop.conv[g]

      # Seroreversion (bi-exponential decay)
      sero.rev[t, g] <- 1 - (alpha[g] * exp(-lambda1 * t) + (1 - alpha[g]) * exp(-lambda2 * t))
      sero.rev.i[t, g] <- sero.rev[n.week - t + 1, g]

      # Combined seroconversion accounting for reversion
      inprod.sero.rev[t, g] <- inprod(sero.conv.d[1:t, g], sero.rev.i[(n.week-t+1):n.week, g])
      seroReconversion[t, g] <- sero.conv[t, g] - inprod.sero.rev[t, g]
      sero.inv.Reconversion[t, g] <- seroReconversion[n.week - t + 1, g]
    }

    # Probability of seroconversion by week (discrete derivative)
    sero.conv.d[1, g] <- sero.conv[1, g]
    for (t in 2:n.week) {
      sero.conv.d[t, g] <- sero.conv[t, g] - sero.conv[t-1, g]
    }

    # Group-specific priors
    alpha[g] ~ T(dnorm(alpha.mean[g], sd = alpha.sd[g]), 0, 1)
    prop.conv[g] ~ T(dnorm(prop.conv.mean[g], sd = prop.conv.sd[g]), 0, 1)
  }

  # Shared seroconversion/reversion parameters
  shape.conv ~ T(dnorm(shape.conv.mean, sd = shape.conv.sd), 0, )
  scale.conv ~ T(dnorm(scale.conv.mean, sd = scale.conv.sd), 0, )
  lambda1 ~ T(dnorm(lambda1.mean, sd = lambda1.sd), 0, )
  lambda2 ~ T(dnorm(lambda2.mean, sd = lambda2.sd), 0, )

  #############################################################################
  ## Likelihoods
  #############################################################################

  # (1) Seroprevalence observations
  for (obs in 1:n.obs) {

    # Total probability of seropositivity (sum across severity groups)
    Pobs[obs] <- Pobs.severity.test[obs.num.week[obs], obs.num.asymp[obs]] +
                 Pobs.severity.test[obs.num.week[obs], obs.num.symp[obs]] +
                 Pobs.severity.test[obs.num.week[obs], obs.num.hosp[obs]]

    # Beta-binomial likelihood (overdispersion)
    Pobs.od[obs] ~ dbeta(Pobs[obs] * r[obs.num.test[obs]],
                         (1 - Pobs[obs]) * r[obs.num.test[obs]])
    pos2[obs] ~ dbin(Pobs.od[obs], tested2[obs])

    # Posterior predictive simulations
    pos.sim[obs] ~ dbin(Pobs[obs], tested3[obs])
    pos.od[obs] ~ dbin(Pobs.od[obs], tested3[obs])
  }

  # (2) Mortality
  for (t in 5:n.week) {
    death[t] ~ dbin(IFR[period[t]], Nit.death2[t])
  }

  # (3) Hospitalizations
  for (t in 1:n.week) {
    hosp[t] ~ dbin(IHR[period[t]], Nit.hosp2[t])

    # Posterior predictive simulations
    hosp.sim[t] ~ dbin(IHR[period[t]], Nit.hosp2[t])
    death.sim[t] ~ dbin(IFR[period[t]], Nit.death2[t])
  }

  #############################################################################
  ## Delayed infections for hospitalization/mortality
  #############################################################################

  # Edge cases for first 8 weeks (initialization)
  Nit.death[1] <- Nit[1]
  Nit.death[2] <- Nit[2]*prop.t.death[1] + Nit[1]*(prop.t.death[2] + prop.t.death[3] + prop.t.death[4])
  Nit.death[3] <- Nit[3]*prop.t.death[1] + Nit[2]*prop.t.death[2] + Nit[1]*(prop.t.death[3] + prop.t.death[4])
  Nit.death[4] <- Nit[4]*prop.t.death[1] + Nit[3]*prop.t.death[2] + Nit[2]*prop.t.death[3] + Nit[1]*prop.t.death[4]
  Nit.death[5] <- Nit[5]*prop.t.death[1] + Nit[4]*prop.t.death[2] + Nit[3]*prop.t.death[3] + (sum(Nit[1:2]))/2*prop.t.death[4]
  Nit.death[6] <- Nit[6]*prop.t.death[1] + Nit[5]*prop.t.death[2] + Nit[4]*prop.t.death[3] + (sum(Nit[1:3]))/3*prop.t.death[4]
  Nit.death[7] <- Nit[7]*prop.t.death[1] + Nit[6]*prop.t.death[2] + Nit[5]*prop.t.death[3] + (sum(Nit[1:4]))/4*prop.t.death[4]
  Nit.death[8] <- Nit[8]*prop.t.death[1] + Nit[7]*prop.t.death[2] + Nit[6]*prop.t.death[3] + (sum(Nit[1:5]))/5*prop.t.death[4]

  Nit.hosp[1] <- Nit[1]
  Nit.hosp[2] <- Nit[2]*prop.t.hosp[1] + Nit[1]*(prop.t.hosp[2] + prop.t.hosp[3] + prop.t.hosp[4])
  Nit.hosp[3] <- Nit[3]*prop.t.hosp[1] + Nit[2]*prop.t.hosp[2] + Nit[1]*(prop.t.hosp[3] + prop.t.hosp[4])
  Nit.hosp[4] <- Nit[4]*prop.t.hosp[1] + Nit[3]*prop.t.hosp[2] + Nit[2]*prop.t.hosp[3] + Nit[1]*prop.t.hosp[4]
  Nit.hosp[5] <- Nit[5]*prop.t.hosp[1] + Nit[4]*prop.t.hosp[2] + Nit[3]*prop.t.hosp[3] + (sum(Nit[1:2]))/2*prop.t.hosp[4]
  Nit.hosp[6] <- Nit[6]*prop.t.hosp[1] + Nit[5]*prop.t.hosp[2] + Nit[4]*prop.t.hosp[3] + (sum(Nit[1:3]))/3*prop.t.hosp[4]
  Nit.hosp[7] <- Nit[7]*prop.t.hosp[1] + Nit[6]*prop.t.hosp[2] + Nit[5]*prop.t.hosp[3] + (sum(Nit[1:4]))/4*prop.t.hosp[4]
  Nit.hosp[8] <- Nit[8]*prop.t.hosp[1] + Nit[7]*prop.t.hosp[2] + Nit[6]*prop.t.hosp[3] + (sum(Nit[1:5]))/5*prop.t.hosp[4]

  # Main loop for weeks 9+
  for (t in 1:(n.week-8)) {
    Nit.death[t+8] <- Nit[t+8]*prop.t.death[1] + Nit[t+7]*prop.t.death[2] +
                      Nit[t+6]*prop.t.death[3] + sum(Nit[t:(t+5)])/6*prop.t.death[4]
    Nit.hosp[t+8] <- Nit[t+8]*prop.t.hosp[1] + Nit[t+7]*prop.t.hosp[2] +
                     Nit[t+6]*prop.t.hosp[3] + sum(Nit[t:(t+5)])/6*prop.t.hosp[4]
  }

  Nit.death2[1:n.week] <- round(Nit.death[1:n.week])
  Nit.hosp2[1:n.week] <- round(Nit.hosp[1:n.week])

  #############################################################################
  ## Spline for proportion infected
  #############################################################################

  for (t in 1:n.week) {
    logit(Pit[t]) <- inprod(beta.time[1:n.beta.time], time.spline[t, 1:n.beta.time])
    Nit[t] <- Pit[t] * total_pop
  }

  # Cumulative proportion infected
  cum.Pit[1] <- Pit[1]
  for (t in 2:n.week) {
    cum.Pit[t] <- cum.Pit[t-1] + Pit[t]
  }

  #############################################################################
  ## Priors
  #############################################################################

  # Specificity (informed by validation data)
  for (i in 1:n.test.spec) {
    TN[i] ~ dbin(sp.test[test.spec.num.test[i]], (FP[i] + TN2[i]))
  }

  for (t in 1:n.test) {
    sp.test[t] ~ dbeta(20, 0.1)  # Prior: specificity close to 99%
    r[t] ~ dgamma(shape = 5, scale = 1000)  # Overdispersion parameter
  }

  # IHR and IFR by period
  for (t in 1:n.period) {
    IHR[t] ~ dunif(0, 1)
    IFR[t] ~ dunif(0, 1)
  }

  # Delay distributions (Dirichlet)
  for (t in 1:4) {
    alpha1[t] <- 1
  }
  prop.t.hosp[1:4] ~ ddirch(alpha1[1:4])
  prop.t.death[1:4] ~ ddirch(alpha1[1:4])

  # Time spline coefficients
  for (t in 1:n.beta.time) {
    beta.time[t] ~ dnorm(0, sd = 100)
  }

})
Sensitivity analysis
####*** Sensitivity Analysis: Joint seroprevalence model                                ***
####*** Without seroconversion/seroreversion, with sensitivity estimation               ***
## 14/03/2021
## Toon Braeye
## Cleaned version

seroSev.Model <- nimbleCode({

  #############################################################################
  ## Observed seroprevalence by severity/test group (simplified, no seroconversion)
  #############################################################################

  for (g in 1:n.severity.test) {
    for (t in 1:n.week) {

      # Proportion infected with specific severity (in tested group)
      Pit.severity.test[t, g] <- Pit[t] * prop.severity.test[t, severity.test.num.group[g]]

      # Test-corrected observed seropositivity (with sensitivity and specificity)
      Pobs.severity.test[t, g] <- se.test[severity.test.num.test[g]] * sum(Pit.severity.test[1:t, g]) +
                                  (1 - sp.test[severity.test.num.test[g]]) *
                                    (1 * prop.severity.test[t, severity.test.num.group[g]] - sum(Pit.severity.test[1:t, g]))
    }
  }

  #############################################################################
  ## Likelihoods
  #############################################################################

  # (1) Seroprevalence observations
  for (obs in 1:n.obs) {

    # Total probability of seropositivity (sum across severity groups)
    Pobs[obs] <- Pobs.severity.test[obs.num.week[obs], obs.num.asymp[obs]] +
                 Pobs.severity.test[obs.num.week[obs], obs.num.symp[obs]] +
                 Pobs.severity.test[obs.num.week[obs], obs.num.hosp[obs]]

    # Beta-binomial likelihood (overdispersion)
    Pobs.od[obs] ~ dbeta(Pobs[obs] * r[obs.num.test[obs]],
                         (1 - Pobs[obs]) * r[obs.num.test[obs]])
    pos2[obs] ~ dbin(Pobs.od[obs], tested2[obs])

    # Posterior predictive simulations
    pos.sim[obs] ~ dbin(Pobs[obs], tested3[obs])
    pos.od[obs] ~ dbin(Pobs.od[obs], tested3[obs])
  }

  # (2) Mortality
  for (t in 5:n.week) {
    death[t] ~ dbin(IFR[period[t]], Nit.death2[t])
  }

  # (3) Hospitalizations
  for (t in 1:n.week) {
    hosp[t] ~ dbin(IHR[period[t]], Nit.hosp2[t])

    # Posterior predictive simulations
    hosp.sim[t] ~ dbin(IHR[period[t]], Nit.hosp2[t])
    death.sim[t] ~ dbin(IFR[period[t]], Nit.death2[t])
  }

  #############################################################################
  ## Delayed infections for hospitalization/mortality
  #############################################################################

  # Edge cases for first 8 weeks (initialization)
  Nit.death[1] <- Nit[1]
  Nit.death[2] <- Nit[2]*prop.t.death[1] + Nit[1]*(prop.t.death[2] + prop.t.death[3] + prop.t.death[4])
  Nit.death[3] <- Nit[3]*prop.t.death[1] + Nit[2]*prop.t.death[2] + Nit[1]*(prop.t.death[3] + prop.t.death[4])
  Nit.death[4] <- Nit[4]*prop.t.death[1] + Nit[3]*prop.t.death[2] + Nit[2]*prop.t.death[3] + Nit[1]*prop.t.death[4]
  Nit.death[5] <- Nit[5]*prop.t.death[1] + Nit[4]*prop.t.death[2] + Nit[3]*prop.t.death[3] + (sum(Nit[1:2]))/2*prop.t.death[4]
  Nit.death[6] <- Nit[6]*prop.t.death[1] + Nit[5]*prop.t.death[2] + Nit[4]*prop.t.death[3] + (sum(Nit[1:3]))/3*prop.t.death[4]
  Nit.death[7] <- Nit[7]*prop.t.death[1] + Nit[6]*prop.t.death[2] + Nit[5]*prop.t.death[3] + (sum(Nit[1:4]))/4*prop.t.death[4]
  Nit.death[8] <- Nit[8]*prop.t.death[1] + Nit[7]*prop.t.death[2] + Nit[6]*prop.t.death[3] + (sum(Nit[1:5]))/5*prop.t.death[4]

  Nit.hosp[1] <- Nit[1]
  Nit.hosp[2] <- Nit[2]*prop.t.hosp[1] + Nit[1]*(prop.t.hosp[2] + prop.t.hosp[3] + prop.t.hosp[4])
  Nit.hosp[3] <- Nit[3]*prop.t.hosp[1] + Nit[2]*prop.t.hosp[2] + Nit[1]*(prop.t.hosp[3] + prop.t.hosp[4])
  Nit.hosp[4] <- Nit[4]*prop.t.hosp[1] + Nit[3]*prop.t.hosp[2] + Nit[2]*prop.t.hosp[3] + Nit[1]*prop.t.hosp[4]
  Nit.hosp[5] <- Nit[5]*prop.t.hosp[1] + Nit[4]*prop.t.hosp[2] + Nit[3]*prop.t.hosp[3] + (sum(Nit[1:2]))/2*prop.t.hosp[4]
  Nit.hosp[6] <- Nit[6]*prop.t.hosp[1] + Nit[5]*prop.t.hosp[2] + Nit[4]*prop.t.hosp[3] + (sum(Nit[1:3]))/3*prop.t.hosp[4]
  Nit.hosp[7] <- Nit[7]*prop.t.hosp[1] + Nit[6]*prop.t.hosp[2] + Nit[5]*prop.t.hosp[3] + (sum(Nit[1:4]))/4*prop.t.hosp[4]
  Nit.hosp[8] <- Nit[8]*prop.t.hosp[1] + Nit[7]*prop.t.hosp[2] + Nit[6]*prop.t.hosp[3] + (sum(Nit[1:5]))/5*prop.t.hosp[4]

  # Main loop for weeks 9+
  for (t in 1:(n.week-8)) {
    Nit.death[t+8] <- Nit[t+8]*prop.t.death[1] + Nit[t+7]*prop.t.death[2] +
                      Nit[t+6]*prop.t.death[3] + sum(Nit[t:(t+5)])/6*prop.t.death[4]
    Nit.hosp[t+8] <- Nit[t+8]*prop.t.hosp[1] + Nit[t+7]*prop.t.hosp[2] +
                     Nit[t+6]*prop.t.hosp[3] + sum(Nit[t:(t+5)])/6*prop.t.hosp[4]
  }

  Nit.death2[1:n.week] <- round(Nit.death[1:n.week])
  Nit.hosp2[1:n.week] <- round(Nit.hosp[1:n.week])

  #############################################################################
  ## Spline for proportion infected
  #############################################################################

  for (t in 1:n.week) {
    logit(Pit[t]) <- inprod(beta.time[1:n.beta.time], time.spline[t, 1:n.beta.time])
    Nit[t] <- Pit[t] * total_pop
  }

  # Cumulative proportion infected
  cum.Pit[1] <- Pit[1]
  for (t in 2:n.week) {
    cum.Pit[t] <- cum.Pit[t-1] + Pit[t]
  }

  #############################################################################
  ## Priors
  #############################################################################

  # Specificity (informed by validation data)
  for (i in 1:n.test.spec) {
    TN[i] ~ dbin(sp.test[test.spec.num.test[i]], (FP[i] + TN2[i]))
  }

  # Sensitivity and specificity with flat priors
  for (t in 1:n.test) {
    sp.test[t] ~ dbeta(1, 1)  # Flat prior for specificity
    se.test[t] ~ dbeta(1, 1)  # Flat prior for sensitivity
    r[t] ~ dgamma(shape = 5, scale = 1000)  # Overdispersion parameter

    # Sensitivity likelihood (true positives)
    TP[t] ~ dbin(se.test[t], (TP2[t] + FN[t]))
  }

  # IHR and IFR by period
  for (t in 1:n.period) {
    IHR[t] ~ dunif(0, 1)
    IFR[t] ~ dunif(0, 1)
  }

  # Delay distributions (Dirichlet)
  for (t in 1:4) {
    alpha1[t] <- 1
  }
  prop.t.hosp[1:4] ~ ddirch(alpha1[1:4])
  prop.t.death[1:4] ~ ddirch(alpha1[1:4])

  # Time spline coefficients
  for (t in 1:n.beta.time) {
    beta.time[t] ~ dnorm(0, sd = 100)
  }

})



Exclusion criteria for the seroprevalence studies 
RLS
The RLS excluded samples received from COVID-19 specific hospital units and triage centers
BDS
Exclusion criteria for donation were being underage, severe disease or anemia (in accordance with Belgian law), persons with a previously confirmed or possible COVID-19 infection and having had a close contact with a confirmed SARS-CoV-2 case in the last 14 days. At each time point, a sample was drawn out of all blood donations: 425 subjects for the Flemish Region, 320 for the Walloon Region and 155 for the Brussels Capital Region. Sample numbers followed the marginal distribution of sex, age and province within each region.

Seroprevalence studies in sub-populations (Belgium)
While we reported age group-specific estimates, we did not explore incidences within specific settings in the main analysis. However, other Belgian seroprevalence studies have extensively explored specific populations and factors correlated to seropositivity.

Healthcare Workers (HCWs) Higher seroprevalence estimates following the same overall trends as the general population have been reported for Belgian healthcare workers. After the first wave, seroprevalence in hospital staff was estimated between 7% and 14.6%, depending on the region and sampling timing [8–11]. Longitudinal data indicates these rates remained relatively stable through the summer of 2020 before rising significantly to approximately 19.7% during the second wave in December [8]. Primary health care providers followed a similar trajectory, with seroprevalence rising from ~5% in the summer to 13.4% by the end of the year [12].

Regarding risk factors, studies consistently highlight a complex interplay between occupational and community exposure [10]. While working in COVID-19 units (but not ICU) was associated with higher seroprevalence in some cohorts, other studies identified household contacts and community circulation as the dominant drivers of infection. Only one study found that working as a physician/nurse was not a risk factor [13]. Other studies did report higher risk. Paradoxically, staff performing high-risk procedures (e.g., intubations) occasionally showed lower seroprevalence than other categories, suggesting that strict adherence to personal protective equipment (PPE) effectively mitigated occupational risk [8,12,14,15]. For first line, general health, practitioners, the seroprevalence seems to mainly reflect community prevalence [12], possibly a bit higher [16].

Nursing Homes and Vulnerable Populations The observed seroprevalence in nursing home residents and staff, estimated at 17–21% shortly after the first wave [17], illustrates high transmission in this setting. However, trends are difficult to interpret due to high mortality among seropositive residents [18]. A high fraction of dependent residents [19] and residents with dementia [20] have been associated with SARS-CoV-2 circulation. Beyond the elderly, precarious populations also faced elevated risks; screening in homeless shelters revealed large clusters of infection (up to 30% positivity in specific centers), driven by shared living spaces and lack of isolation capabilities [21].

Schools Finally, seroprevalence estimates in children were generally lower or comparable to the general population [22–24]. However, the implementation of infection prevention and control (IPC) measures played a significant role; schools with poor adherence to hygiene and ventilation protocols showed significantly higher seroprevalence among both pupils and staff compared to those with strict compliance [25].

Seroprevalence Model Parameter Glossary
Complete reference for the NIMBLE joint seroprevalence model parameters, data sources, and derived quantities. The Notation column shows the corresponding symbol used in the paper.
Model Parameters
	Parameter
	Notation
	Type
	Prior
	Description

	Core infection parameters

	beta.time[1:n]
	-
	Estimated
	dnorm(0, sd=100)
	B-spline coefficients for incidence

	Pit[t]
	incidence_t
	Derived
	-
	True proportion infected at week t; logit(Pit) = time.spline * beta.time

	cum.Pit[t]
	cumulative.incidence_t
	Derived
	-
	Cumulative proportion infected

	Nit[t]
	-
	Derived
	-
	Number infected; Pit * total_pop

	Severity-stratified seroprevalence

	Pit.severity.test[t,g]
	-
	Derived
	-
	Proportion infected by severity/test group

	Pobs.severity.test[t,g]
	-
	Derived
	-
	Test-corrected observed seroprevalence by group

	Pobs[obs]
	Pobs_test,t
	Derived
	-
	Expected seroprevalence (sum over severity groups)

	Specificity

	sp.test[1:n.test]
	specificity_test
	Estimated
	dbeta(20, 0.1)
	Test specificity

	Overdispersion

	r[1:n.test]
	r
	Estimated
	dgamma(5, scale=1000)
	Beta-binomial concentration parameter

	Pobs.od[obs]
	Psample_test,age,t
	Estimated
	dbeta(Pobs*r, (1-Pobs)*r)
	Observation-level probability

	Hospitalization/mortality

	IHR[1:n.period]
	IHR_period
	Estimated
	dunif(0, 1)
	Infection-hospitalization ratio by period

	IFR[1:n.period]
	IFR_period
	Estimated
	dunif(0, 1)
	Infection-fatality ratio by period

	prop.t.hosp[1:4]
	prop_hosp
	Estimated
	ddirch(1,1,1,1)
	Delay distribution: infection to hosp

	prop.t.death[1:4]
	prop_death
	Estimated
	ddirch(1,1,1,1)
	Delay distribution: infection to death

	Nit.hosp[t]
	incidence.hosp_t
	Derived
	-
	Lagged infection counts for hospitalization

	Nit.death[t]
	incidence.death_t
	Derived
	-
	Lagged infection counts for mortality

	Simulated quantities (PPC)

	pos.sim[obs]
	-
	Simulated
	-
	Posterior predictive for seroprevalence

	pos.od[obs]
	-
	Simulated
	-
	Posterior predictive with overdispersion

	hosp.sim[t]
	-
	Simulated
	-
	Posterior predictive for hospitalizations

	death.sim[t]
	-
	Simulated
	-
	Posterior predictive for deaths


Differences between Main analysis and Sensitivity analysis
	Parameter
	Notation
	Type
	Prior
	Description

	Sensitivity analysis

	se.test[1:n.test]
	sensitivity_test,t
	Estimated
	dbeta(1,1)
	Test sensitivity (EuroImmune, Wantai)

	Main analysis

	shape.conv
	-
	Estimated
	T(dnorm(mean, sd), 0, )
	Weibull (shape) for seroconversion

	scale.conv
	-
	Estimated
	T(dnorm(mean, sd), 0, )
	Weibull (scale) for seroconversion

	lambda1
	-
	Estimated
	T(dnorm(mean, sd), 0, )
	Fast seroreversion rate (bi-exponential)

	lambda2
	-
	Estimated
	T(dnorm(mean, sd), 0, )
	Slow seroreversion rate (bi-exponential)

	alpha[g]
	-
	Estimated
	T(dnorm(mean, sd), 0, 1)
	Mixing weight for bi-exponential (group-specific)

	prop.conv[g]
	-
	Estimated
	T(dnorm(mean, sd), 0, 1)
	Proportion that seroconvert (group-specific)

	sero.conv[t,g]
	-
	Derived
	-
	pweibull(t, shape, scale) * prop.conv

	sero.rev[t,g]
	-
	Derived
	-
	1 - (alpha*exp(-l1*t) + (1-alpha)*exp(-l2*t))

	seroReconversion[t,g]
	sensitivity_test,t * incidence_t
	Derived
	-
	Derived (convolution)


Structural Equivalence: se.test vs seroReconversion
Both parameters serve the same structural role in the likelihood, converting cumulative infections to observed seroprevalence:
Sensitivity analysis: Pobs = se.test * sum(Pit.severity.test[1:t, g]) + (1-sp)*(...)
Main analysis: Pobs = inprod(seroReconversion[...], Pit.severity.test[1:t, g]) + (1-sp)*(...)
Key difference: se.test is a scalar (time-invariant), while seroReconversion[t,g] is time-varying. In the main analysis, infections from week s contribute differently to seropositivity at week t depending on the time lag (t-s), accounting for delayed seroconversion and subsequent waning.
Data Inputs
	Variable
	Description
	Source

	pos, tested
	Seroprevalence survey counts
	Seroprevalence studies

	TN, FP
	Specificity validation data
	Literature

	hosp
	Weekly hospitalizations by age
	Surveillance data

	death
	Weekly deaths by age
	Surveillance data

	prop.severity.test
	Severity proportions per test/group
	Assumed 30/70 asymptomatic/symptomatic

	time.spline
	B-spline basis matrix
	Knots manually selected

	Main Analysis

	Shape
	Weibull seroconversion
	Model fit to longitudinal serological data

	Scale
	Weibull seroconversion
	Model fit to longitudinal serological data

	Lambda_fast
	Fast exponential decay
	Model fit to longitudinal serological data

	Lambda_slow
	Slow exponential decay
	Model fit to longitudinal serological data

	Alpha
	Proportion of fast exponential decay
	Model fit to longitudinal serological data

	Sensitivity Analysis

	TP, FN
	Sensitivity validation data (SA only)
	Literature


Notes
Model runs separately per age group (18-49, 50-64, 65-74). The sensitivity analysis version omits seroconversion/seroreversion dynamics.
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