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"Smallpox - a vulnerable specter"

Data on post-exposure vaccination

A compilation of data on vaccination failures of vaccinees who allegedly were vaccinated after having been infected with smallpox has recently been published (Table 1).  Although the real day of infection was unknown for these cases, we can at least back-translate the data into days before the onset of disease  dv  because a constant latent period of 12 days was assumed when gathering the data. Using the so-called "post-exposure days"  dp,  we get dv=12-dp.  The assumption of a latent period of 12 days is on average a reasonable approximation, but it disregards variability. The distribution of the latent period has recently been estimated from data where the actual day of infection was known. It can clearly be seen from Fig. 1 that cases who were vaccinated as early as 10 or 11 days before the onset of disease may have been infected up to 8 days prior to their vaccination. 

Model assumptions

For obvious reasons, it could not be reported how many people who actually had been infected escaped disease after post-exposure vaccination, so that an analysis of these data can only be a crude attempt to squeeze out some information from the only known data set on post-exposure vaccination. We assume in the following that the same number  n  on every day. We furthermore assume that only such cases were included in the historical data set who were regarded as "successfully vaccinated" whereas those vaccinees whose vaccination did not take were omitted. It may also be safe to assume that any successful vaccination shortly before a potentially infectious contact prevented the infection or at least the disease. In order to determine the effect of post-exposure vaccination, we assume that vaccination was successful if it is applied at most    days after infection and estimate the parameter    from the data shown in Table 1.

Model formulation

The distribution of the duration  t  between infection and the onset of disease has probability density  g(t)  with
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where  ()  is the gamma function with   = 2/2  and  =/2 (parameter values see Fig. 1). According to our assumptions, vaccination is successful if given before infection or up to  days after infection. With this, we can calculate the success probability  p(dv)  of patients who would have developed disease exactly  dv  days after the time chosen for vaccination
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In order to calculate the likelihood of the data and to estimate the parameter    we have to make an assumption of how many individuals were actually vaccinated on each day. As the numbers of cases who were vaccinated too late approach a level of 28, we make the rough guess that  n=28 individuals were actually vaccinated on each day after infection. With this, we can calculate the likelihood  L(dv)  for each observation, based on a binomial sampling process where we observe a number of  fo(dv)   failures among  n  individuals where each individual has a success probability  p(dv),  depending on the vaccination day  dv:
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Maximising the total likelihood then yields an estimate of the delay parameter  .

Estimation result

The best parameter value for the vaccination delay was 3.2 days. According to this result, vaccination up to three days after smallpox infection may still suppress the infection and protect the vaccinee against disease. We also determined a 95 percent confidence interval for the delay parameter by using the profile likelihood. Although the resulting confidence interval from 2.9 to 3.6 days is rather narrow, caution must be applied when interpreting these values. Due to lack of information, several assumptions had to be made in the calculation which may have biased the results. 

	reported "post-exposure day" of vaccination
	dp
	0
	1
	2
	3
	4
	5
	6
	7
	8

	days from vacci​nation to onset of disease
	dv
	12
	11
	10
	9
	8
	7
	6
	5
	4

	observed number of failures
	fo
	1
	1
	3
	7
	21
	24
	22
	28
	28

	expected number of failures
	fe
	0.9
	2,3
	5.1
	9.6
	15.4
	21.1
	25.2
	27.3
	27.9


Table 1. Data of vaccination failures reported as "post-exposure day of vaccination" (obtained from joining Tables 1 and 2 of Mortimer PP, CID 2003;36:622-9) and expected number of vaccination failures (model output as explained in the text; reported numbers after "post-exposure day 8" dropped again and were omitted from the analysis). Comparing observed and expected numbers with a 2-Test with 7 df yielded no significant difference (p=0.49).
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Figure 1. Distribution of the duration between infection and the onset of disease (as given by Eichner M et al., AmJEpidemiol 2003;158:110-7); gamma distribution with a mean =11.6 days and a standard deviation =1.9 days.
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