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Although data in this type of serological study are obtained by cross‑sectional sampling, they are routinely treated as if being longitudinal. From the epidemiological standpoint, the following developments are consistent with a simple age-structured SIR transmission model at endemic equilibrium [1(. From the analytical standpoint, the (decreasing) empirical distribution of seronegativity is interpreted as a survival function, with the number of seropositive subjects observed in each age group/age band being treated as a binomial variable with the probability density function:


P (X = k) = 
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 F(x)k · (1–F(x))n–k
(1)

where n is the total number of subjects sampled in an individual age group, k is the number of seropositive subjects in that age group (with the difference n–k thus corresponding to the number of seronegative individuals), and F(x) is the average proportion of seropositive subjects at the mean age xi in the respective age group (it should be noted that F(x) is not an observed quantity but a predicted one.) The proportion may be expressed as:


F(xi) = 1 – exp (–
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where λj is the force of infection in the age group (with the corresponding survival function, i.e., the proportion of seronegative subjects, being S(x) = 1 – F(x)). These basic relationships allow the estimation of joint age-specific forces of infection, detailed below. The force of infection was assumed to be 0 for ages below the maternal antibody protection threshold, i.e., 0.5 yr in our case. The first step of the present analysis was the estimation of age-dependence of force of VZV infection and assessment of the age corresponding to its maximum.

(a) Semiparametric estimation of force of VZV infection

The estimation was made assuming a piecewise constant force of infection [2, 3( and based on the model as described by Mossong and obtained under the same assumptions [4]. It is derived from equations (1) and (2), defining the F(x) – the proportion of seropositive subjects – in the age group i as


F(xi) = 
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where i is the age group, λi the force of infection, xi the mean age in the age group i, and mi the lower limit of the age group i (with m1 being formally set to 0.5, i.e., the average duration of protection by maternal antibodies).

The values of the parameters λi are obtained by the maximum likelihood estimation using maximization of the kernel of the likelihood function, L:


L = 
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where g is the number of age groups, kj is the number of seropositive subjects, nj is the total number of subjects in the age group j, and F(xj) is as in eq. (3).

(b) Parametric estimation of force of VZV infection

Age-specific force of infection can be effectively estimated by modelling F(x) based on the so-called catalytic model. F(x) of childhood diseases has been shown to be well fitted by the equation:


F(x) = 1 – 
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where the meaning of x and F(x) is as explained for equation (1), while a, b and c are the parameters to be estimated (a, b, c ≥ 0).

After a graphical validation of the appropriateness of the model for our data, the model was fitted using the nonlinear least squares method. The parameters a and b were both highly significant, while c did not differ significantly from zero (implying that the force of infection is asymptotically declining to zero). As the model including all 3 parameters (a, b and c) did not differ significantly from the model with only 2 parameters (a and b) (F = 0.09, p = 0.76), the parameter c was omitted, yielding the final model:


F(x) = 1 – 
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