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Abstract

A sudden increase in the incidence of scrapie in Italy in 1997 was subsequently linked to the use of a potentially
infected vaccine against contagious agalactia. The relative risk for the exposed farms ranged between 6 and 40. The
aim of this study was to assess the long-term impact of exposure to the potentially scrapie-contaminated vaccine
on the Italian classical scrapie epidemic. We carried out a retrospective cohort study, fitting mixed-effects Poisson
regression models, dividing national geographic areas into exposure categories on the basis of the vaccine
circulation levels. We took into account the sensitivity of the surveillance system applied in the different areas. The
population attributable fraction (PAF) was used to assess the impact on the total population of farms associated
with the effect of circulation of the vaccine. The provinces where the vaccine was more often sold were noted to
have a higher level of disease when compared to those provinces where the vaccine was sold less often (incidence
rate ratio [IRR]: 2.7; 95% confidence interval [CI]: 1.1-6.5). The population attributable fraction was high (68.4%).
Standardization techniques allowed to account for the potential of geographical variability in the sensitivity of the
Italian surveillance system. Although the number of the directly exposed farms was limited, an important long-term
impact of the vaccine circulation could be quantified in terms of secondary outbreaks likely due to the exchange of
animals from directly exposed flocks.
Introduction
A sudden increase in the incidence of scrapie in Italy in
1997 was subsequently linked to the administration of a
potentially infected vaccine against contagious agalactia.
The commonly known risk factors for scrapie are the
prion protein genotype and flock management practices
such as movement of animals, sharing pastures with
other flocks, and flock size [1-13]. As the epidemic
unfolded, the large number of cases, the temporal clus-
tering of the outbreaks, the exceptional involvement of
goats, a species in which scrapie is rarely reported, the
high in-flock incidence and the recurring reporting of
exposure to a unique vaccine in many outbreaks all
* Correspondence: silvia.bertolini@izsto.it
Epidemiologia e Osservatorio Epidemiologico, Istituto Zooprofilattico
Sperimentale del Piemonte, Liguria e Valle d'Aosta (IZSPLVA), Via Bologna
148, 10154 Turin, Italy

© 2012 Bertolini et al.; licensee BioMed Centra
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
pointed to an accidental infection [14]. This hypothesis
was consistent with Gordon’s description (1946) of a
similar episode that had occurred in Scotland in 1937
when a sudden epidemic peak of scrapie was associated
with the circulation of a vaccine against Louping ill. The
investigations led to a vaccine batch that had been pro-
duced from the nervous tissue of lambs affected by scra-
pie in the incubative stage of the infection [15].
In the Italian accident, the vaccine was a formol-

inactivated immunogen against contagious agalactia pre-
pared by a single manufacturer (Rome, Italy) from the
brain and mammary gland homogenates of sheep experi-
mentally infected with Mycoplasma agalactiae [14,16].
The vaccine was distributed between November
1994 and December 1996 in eight regions of central
and southern Italy where flocks currently number about
78 000.
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A study conducted in 2004 by our group has shown
that the relative risk for the exposed farms versus the
farms where the animals had not been administered the
vaccine ranged between 6 and 40. However, the impact
on the general population in terms of proportion of dis-
ease attributable to exposure was limited, probably be-
cause of the limited number of the farms that
were directly exposed [17]. The effect the circulation of
a potentially infected vaccine may have on the onset of
secondary outbreaks and its effect in terms of population
impact can be quantified by analysing long-term
data series.
In European countries the passive surveillance system

for scrapie has been integrated since 2002 with an active
surveillance program targeting samples of the sheep and
goat populations older than 18 months of age. Animals
are identified within different risk streams, i.e., as
healthy animals at abattoir or fallen stock, and are sub-
mitted to the so-called rapid tests for the detection of
abnormal PrP in the brainstem. The probability of case
detection (i.e., surveillance sensitivity) is highest among
fallen stock and increases with the number of animals
tested per flock [18-21]. Accordingly, standardized inci-
dence data adjusted for surveillance sensitivity at the
provincial level are needed in order to make unbiased
geographical comparisons.
The application of surveillance systems with geograph-

ical heterogeneous sensitivity may lead to different prob-
abilities to detect the disease. Observed incidence rates
or prevalence data don't take these differences into ac-
count and could be misleading when making geograph-
ical comparisons.
The aim of this study was to assess the long-term im-

pact of exposure to a potentially scrapie-contaminated
vaccine on the Italian classical scrapie epidemic. We car-
ried out a retrospective cohort study, dividing national
geographic areas into exposure categories on the basis of
the vaccine circulation levels. We compared the disease
frequency in the subsequent years in each of the expos-
ure categories, taking into account the sensitivity of the
surveillance system applied.
In this way we were able to identify an association be-

tween the surveillance-adjusted incidence level of the
disease and the diffusion of the vaccine even long after
direct exposure. Also, we were able to quantify the im-
pact in terms of percentage of outbreaks attributable to
the circulation of the vaccine by estimating the popula-
tion attributable fraction.

Materials and methods
Study area
The analysis focused on the eight regions of central and
southern Italy where the vaccine had been distributed
(Tuscany, Lazio, Campania, Apulia, Basilicata, Calabria,
Sicily and Sardinia). The vaccine had been reportedly
used in 29 out of 45 provinces in these regions.

Databases
The data from three different datasets were analysed: na-
tional surveillance data, vaccine distribution data and
National Animal Registry Office data.

National Surveillance data
We used data from the Small Ruminant TSE national
database maintained by the Reference Centre for Animal
Encephalopathy at IZSPLVA.
Data from active surveillance for scrapie in sheep and

goats in the study area from 1 January 2002 to 31
December 2005a were considered because we assumed
that data from later years could conceal the potential ef-
fect of the vaccine. This dataset comprised data from 95
714 animals tested in the surveillance stream of regularly
slaughtered animals and from 11 757 animals tested in
the fallen stock stream, thus recruiting a total of 16 755
flocks for the study. These data were then aggregated at
the flock level to obtain the number of animals tested
per holding in the two surveillance streams. County, par-
ish, and holding (CPH) identifiers were used to identify
each flock.
We then used the data on the 50 outbreaks of classical

scrapie in sheep and 7 outbreaks in goats identified by
active surveillance on fallen stock and regularly slaugh-
tered animals in the study area during the same period.

Vaccine distribution data
A list was obtained of the 177 flock farmers who had
bought the formol inactivated vaccine against contagious
agalactia between November 1994 and December 1996.
This period is consistent with the higher risk of contam-
ination of the vaccine according to the information pro-
vided by the vaccine manufacturer. Although brain
homogenates of sheep infected with Mycoplasma agalac-
tiae were no longer used as an ingredient in the vaccine,
its production continued up to July 1997. Not all the po-
tentially exposed flocks could be traced back, however,
because in some cases the list included only the name of
a veterinarian or a retailer instead of the flock farmer’s
name. To fill this gap, we compiled a list of 29 veterinar-
ians or retailers who had purchased the vaccine as own
stock during the period in question. Data from the two
lists were aggregated to provide provincial level data.

National Animal Registry Office data
We considered the number of farms registered within
the National Animal Registry Office for each province.
In order to obtain a more reliable size of the susceptible
population we decided to use the average number of
farms in operation in the 8 regions (78 463 farms)



Table 1 Distribution of Italian farms of small ruminants
according to the levels of surveillance sensitivity

Global
surveillance
sensitivity level

Level 1
Surveillance
Sensitivity

Level 2
Surveillance
Sensitivity

Number of
farms

(based on the
number of

regularly slaughtered
animals)

(based on the
number of
fallen stock
animals)

1 1 1 131 893

2 1 2 1157

3 1 3 585

4 2 1 2884

5 2 2 101

6 2 3 74

7 3 1 1862

8 3 2 75

9 3 3 90

This distribution was used as external standard population to calculate the
standardized incidence rates. For both variables, the classes were created on
the basis of the distribution of number of farms (level 1: 75% of farms; level 2:
15% of farms; level 3: 10% of farms. Additionally, the farms where no regularly
slaughtered or fallen stock animals had been tested were respectively
included into level 1).
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during the 2006–2009 period obtained from the identifi-
cation and registration system that went into effect at
the national level in 2005.

Statistical analysis
Stata Software 11.1 (Stata Corp, College Station, TX)
was used to create the databases and process the data
for the statistical analysis. The ArcGIS version 9.2 (ESRI,
Redlands, CA, USA) was used to create the thematic
maps.
In this retrospective cohort study the incidence rates

for each province for the entire study period were calcu-
lated as the ratio of the number of new outbreaks
observed per 1000 registered farms.
Direct standardization techniques [23,24] were applied

to adjust for surveillance sensitivity in the eight pro-
vinces. The incidence rates, standardized on the applied
surveillance, allow to obtain the distribution of the dis-
ease as if the surveillance was uniformly applied
throughout the entire area. We used the dstdize com-
mand (Stata).
The total number of farms registered with the Na-

tional Animal Registry Office in the 108 Italian pro-
vinces (n= 138 721) was used as external standard
population, from which nine levels of surveillance sensi-
tivity were created based on both the surveillance stream
(regularly slaughtered and fallen stock categories) and
the categorization of the number of animals tested by
stream on each farm.
Within each surveillance stream we defined three sen-

sitivity levels: for the regularly-slaughtered category, a
level of 1, 2 or 3 was applied when 1 to 5 (75% of farms),
6 to 12 (15% of farms) or 13 or more animals (10% of
farms), respectively, had been tested. Additionally, the
farms where no regularly-slaughtered animals had been
tested were included into level 1, accounting for the pro-
portion of farms never involved by active surveillance.
For the fallen stock stream, the respective intervals were
1 to 2 (75% of farms), 3 to 5 (15% of farms), and 6 or
more animals (10% of farms); again, the farms where no
fallen stock animals had been tested were included into
level 1. Table 1 illustrates the scheme of the various
combinations.
Most of the total number of the farms (95.08% of the

138 721 registered farms) were categorized as global sur-
veillance sensitivity level 1.
To estimate the association between vaccine exposure

and disease levels for each province, we carried out a
preliminary univariate analysis based on Poisson models,
wherein the relative risks were computed to obtain the
incidence rate ratios. In order to consider the herd size
as a possible confounder we included the median of the
herd size for each province in this analysis. We then fit-
ted mixed-effects Poisson regression models including
the variables that resulted as having a health impact
from the univariate analysis. We used a xtpoisson com-
mand (Stata) because in this function a gamma distribu-
tion with mean 1 and variance alpha is assumed for the
level-2 random intercept, to account for a possible
within-cluster dependence (i.e. overdispersion) [25].
The number of farms in a given province that had pur-

chased the vaccine was used to define an explanatory vari-
able to quantify the vaccine circulation. In a first model,
the number of the observed outbreaks for each province
was entered as a dependent variable to assess the role of
exposure to vaccine. The number of registered flocks in
each province was considered as offset. Region was
included as a random-effect variable.
To investigate the potential role of the vaccine due to

its distribution through veterinarians or retailers, a cat-
egorical variable based on the number of veterinarians
or retailers who had purchased the vaccine as own stock
in each province was subsequently added as a covariate.
On the basis of the number of farms which had

bought the vaccine, three exposure levels (ELfarm) were
defined: (1) provinces where 0–4 farms bought the vac-
cine (66.7% of provinces); (2) provinces where 5–10
farms bought the vaccine (20.0% of provinces); (3) pro-
vinces where > 10 farms bought the vaccine (13.3% of
provinces). For the variable based on the number of
veterinarians or retailers, two exposure levels (ELvet)
were defined: (1) provinces where 0–1 veterinarian or
retailer bought the vaccine (86.7% of provinces); (2)
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provinces where > 1 veterinarian or retailer bought the
vaccine (13.3% of provinces).
The Akaike Information Criterion (AIC) was applied

to compare the models including and not including each
explanatory variable and to compare the mixed- and
fixed-effect models [26]. These models were then fitted
using standardized incidence rates adjusted for surveil-
lance sensitivity based on the data shown in Table 1.
The number of expected outbreaks for each province
constituted the dependent variable obtained by mul-
tiplying the standardized rates by the number of
registered farms.
The statistical significance of a linear dose-response

trend of the number of farms which had bought the vac-
cine (exposure level) with respect to the disease inci-
dence level was tested using the Wald test to verify the
statistical significance of the linear regression coefficient
of the vaccine circulation variable entered as a continu-
ous variable in all four models [27,28].
Finally, the population attributable fraction (PAF) was

used to assess the impact on the total population of
farms associated with the circulation of the vaccine. PAF
is the proportion of disease among the total population
that would be eliminated if the exposure were eliminated
[29]. In this case, we applied the formula suggested by
Rockhill because we had multicategory exposures and
the presence of confounding using model 3 results on
the basis of the AIC value and model coefficients [30]:

Xk
i�o

pdi
PRi � 1
RRi

� �
¼ 1�

Xk
i�o

pdi
RPi

where
pdi is the proportion of total cases in the population

arising from the ith exposure category;
RRi is the adjusted relative risk for the ith exposure

category (relative to the unexposed stratum).

Graphic representation
The distribution of exposure to the vaccine and the dis-
tribution of disease in the province where the vaccine
had been distributed are shown in thematic maps. The
maps were generated from the number of farms that had
purchased the vaccine and the standardized rates for
each of the 45 provinces.

Results
Twenty-five provinces of the 8 regions where the vaccine
had been distributed experienced at least one scrapie
outbreak. The range of variability of the 4-year standar-
dized incidence rates (2002–2005) for the 25 provinces
was 0.20 to 5.8 outbreaks/1000 farms, with ≤ 0.84 cases/
1000 farms in 50% of these provinces.
Figure 1 shows the distribution by province of the
standardized incidence rates in the 8 regions where
the vaccine circulated: the provinces with the highest
risk of the disease are concentrated in central Italy, Sicily
and Sardinia.
Figure 2 illustrates the distribution by province of the

number of farms that had directly purchased the vaccine
from the manufacturer between November 1994 and
December 1996 in the 8 regions: most of the provinces
where an elevated number of farms purchased the vac-
cine are concentrated in central Italy. In 29 of the 45
provinces at least one farm had directly bought the vac-
cine. In 50% of the 29 provinces less than 6 farms had
purchased the vaccine (range: 1–18). In 16 provinces
the vaccine was also distributed by one or more retailers
or veterinarians.
As both the exposure variables (i.e. categorization of

the number of veterinarians or retailers who had pur-
chased the vaccine and categorization of the number
of farms that had bought the vaccine) showed a sig-
nificant association at the univariate analysis, they
were considered as potential risk factors (Table 2) to
be entered into the subsequent regression models.
Even the median farm size per province was statisti-
cally significant in the preliminary analysis; however,
when included in the final models, it didn't have
an impact on the effect of the other variables (data
not shown).
Tables 3 shows the results of the Poisson regression

models fitted to assess the association between the inci-
dence of the disease and the exposure level to the vac-
cine at the provincial level.
Model 1 included as independent variables the three

categories of the number of farms (by province) that had
purchased the vaccine. The incidence rate ratios (IRR)
indicate a rise in the risk of the disease as the number of
vaccine purchaser farms increases, with a 4-fold risk for
level 3 (provinces where at least 10 farms had bought
the vaccine). The goodness of fit of this model was bet-
ter than that of the same model in which we used fixed
effects, as shown by AIC values of 133.8 and 140.1,
respectively, showing a significant random effect for
the region.
Model 2 included as covariates both the three categor-

ies of the number of vaccine purchaser farms and the
two categories of the number of veterinarians or retailers
who had purchased the vaccine.
The Wald test to verify the statistical significance of

the linear regression coefficient was significant in both
models, evidencing a linear dose-response trend between
the number of farms that had bought the vaccine and
the disease incidence levels (model 1: Wald chi-square =
10.6, P value = 0.001; model 2: Wald chi-square = 14.3,
P value = 0.0008).



Figure 1 Standardized incidence rates in the provinces of the regions where the vaccine circulated (quartile). The provinces
characterized by the highest risk of disease are concentrated in central Italy, Sicily and Sardinia.

Bertolini et al. Veterinary Research 2012, 43:63 Page 5 of 10
http://www.veterinaryresearch.org/content/43/1/63
In model 2 the risk in the provinces where more than
1 veterinarian or retailer had bought the vaccine as own
stock is higher than the risk in the provinces where 0 or
1 bought it; however, the difference was not statistically
significant (95% CI: 0.91 - 4.1).
Again, the comparison of the AIC of the fixed-effects

model with the AIC of the mixed-effects model showed a
significant random effect of the region (136.1 vs 132.9).
Model 3 and model 4 were fitted by modelling the dir-

ect standardized incidence rates. As in the case of model
1, model 3 included as an independent variable only the
three categories of the number of farms (by province)
that had purchased the vaccine. The incidence rate
ratios (IRR) indicate that, with the increasing number of
vaccine purchaser farms, the risk of the disease also
increases.
As for model 2, the two categories of the number of

veterinarians or retailers who had purchased the vaccine
were entered into model 4 as a covariate. Again, there
was an upward trend in the risk with the increasing
number of farms per province that had purchased the
vaccine. The risk in the provinces where more than 1
veterinarian or retailer had bought the vaccine as own
stock was higher than the risk in the other provinces,
however, the difference was not statistically significant.
For both models, the AIC value of the mixed-effect

models was higher than the AIC value of the fixed-
effects models (model 3: 116.3 vs 114.3; model 4: 116.0
vs 114.0).
The Wald test of the linear regression coefficient to

check for the dose-response relationship between the
three levels of vaccine exposure and scrapie incidence
was 4.36 (chi-square = 0.036) for model 3 and 5.47 (chi-
square 0.065) for model 4.
Finally, the population attributable fraction estimated

for the number of expected cases obtained by direct



Figure 2 Distribution of the number of purchaser farms in the eight Italian regions (quartile). The map shows the distribution of the
number of farms that had bought the vaccine directly from the manufacturer between November 1994 and December 1996 in each province.
Most of the provinces where an elevated number of farms had purchased the vaccine are concentrated in central Italy.
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standardization was 68.4%, indicating that more than
two-thirds of the outbreaks observed in the study area
between 2002 and 2005 might be attributable to an in-
direct exposure to the vaccine.

Discussion
The findings of this study show a heterogeneous distri-
bution of scrapie incidence in the Italian provinces be-
tween 2002 and 2005, even after standardization to
account for surveillance heterogeneity. The results of the
regression models suggest that some of these differences
are related to the long-term effect of the circulation of a
vaccine against contagious agalactia. This is also consist-
ent with a linear trend, i.e., a dose-response relationship
between the vaccine exposure level (number of farms
that had purchased the vaccine) and the level of crude
and adjusted incidence of disease. The results suggest
that the effect of the vaccine is statistically significant
when a large number of farms per province bought it.
Finally, the very high population attributable fraction
indicates that the indirect impact of vaccine circulation
on the spread of scrapie within the Italian small rumin-
ant population has been relevant in terms of secondary
outbreaks likely due to the exchange of animals from
directly exposed flocks.
An important aspect in epidemiological studies is the

evaluation of the spatial distribution of infectious dis-
eases because it allows potentially influencing factors to
be identified. When we want to compare different geo-
graphical areas, we need to choose judiciously among
the criteria for selecting outbreaks and exposed popula-
tions. In scrapie, for instance, outbreak notification relies



Table 2 Results of the univariate analysis for the vaccine exposure variables levels (IRR= incidence rate ratio)

Exposure
level

Total no. of
flocks

No. of positive
flocks

Incidence IRR

(new cases per 1000 farms) (95%CI)

Categorization of the
number of vets or retailers
who had bought the vaccine

1
(0-1vet or retailer)

71 216 47 0.66 Referent

2
(>1 vet or retailer)

7247 10 1.4 2.1
(1.1-4.1)

Categorization of the
number of farms that
had bought the vaccine

1
(0–4 farms)

49 849 25 0.50 (*) Referent

2
(5–10 farms)

20 821 17 0.82 (*) 1.6
(0.88-3.0)

3
(>10 farms)

7793 15 1.9 (*) 3.8
(2.0-7.3)

Herd size
(median for each province)

78 463 57 1.005

(1.001-1.01)

Both exposure variables related to the vaccine [(1) categorization of the number of veterinarians or retailers who had purchased the vaccine and (2)
categorization of the number of farms that had bought the vaccine] show a significant association with disease levels. The categorization of the number of farms
that had bought the vaccine shows a statistically significant upward trend in risk. The median farm size for each province resulted as not having a health impact
on the disease risk.
(*) Test for trend: χ2= 2.92, P value = 0.003.
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on passive and active surveillance systems, which have
been integrated in European countries since 2002. In
this study we decided to not include outbreaks notified
by passive surveillance because under this system the de-
cision whether or not to include or exclude an individual
animal is not under the direct control of the veterinary
authorities [31]. This, in turn, can lead to underreporting
of disease occurrence [18] and to differences in surveil-
lance sensitivity in different regions.
Active surveillance coverage holds an important role in

disease control and its uneven application in the field may
influence the probability of case detection when a disease
is present. It's possible to correct for this heterogeneity,
however, by considering both the total number of animals
tested for each holding and their risk category. Several
studies evaluating surveillance systems and their effective-
ness in public health [32-34] have highlighted their import-
ance and complexity: to address this issue, we applied
classical standardization techniques to obtain comparable
incidence rates at the geographical level.
When we compared the geographical crude incidence

rates, we found a regional effect on the disease distribu-
tion. This effect was no longer evident when we applied
the same model to the adjusted incidence rates, suggest-
ing that the regional effect may be connected to the ap-
plied surveillance sensitivity, which was already included
in models 3 and 4 using the standardized data.
A potential source of bias in our study may be the lack
of a complete database of the farms that had been
exposed to the vaccine. Reconstructing the actual vac-
cine commercial circuit was challenging. The lists of the
vaccine purchaser farms and of the seller veterinarians
that were used as proxy for exposure may have been in-
complete, resulting in an underestimation of the true
circulation of the vaccine. On the basis of the number of
vaccinated flocks in each province, we assumed that all
the flocks in a given province had experienced similar
exposure. Accordingly, we used average exposure levels
rather than actual individual values, as is frequently done
in geographical studies when the ecological fallacy is
possible [35]. In both cases, however, it's unlikely that
the direction of the observed impact of the vaccine on
the disease distribution would have been cancelled or
reversed if our data had been more complete.
The models we fitted allowed, for the first time, the

quantification of the disease risk associated with the vac-
cine circulation also for the farms that were only indir-
ectly exposed to it. Moreover, the estimated population
attributable fraction proved a good indicator of the real
impact on the entire population of vaccination. The use
of this measure of association in public health can be
very useful, since it allows the quantification of the cases
of disease that could have been avoided after eliminating
the exposure to the risk factor [29,30,36].



Table 3 Results of the mixed-effects Poisson regression models comparing incidence rates of outbreaks

Mixed effect model Covariate Exposure level IRR 95%CI AIC
(fixed effects model AIC)

1 Categorization of the number of farms
by province that had bought the vaccine

1 133.8

(based on modelling of
crude incidence rates)

(0-4 farms) Referent (140.1)

2 1.4 0.70, 2.7

(5-10 farms)

3 4.0 1.9, 8.6

(>10 farms)

2 Categorization of the number of farms by
province that had bought the vaccine

1

(based on modelling of
crude incidence rates)

(0-4 farms) Referent 132.9

2 1.3 0.66, 2.6 (136.1)

(5-10 farms)

3 3.6 1.7 , 7.5

(>10 farms)

Categorization of the number of vets or
retailers by province who had bought
the vaccine

1

(0-1 vet or retailer) Referent

2 1.9 0 .91, 4.1

(>1 vet or retailer)

3 Categorization of the number of farms by
province that had bought the vaccine

1 116.3
(based on modelling of
standardized incidence rates)

(0-4 farms) Referent (114.3)

2 1.3 0.56, 2.9

(5-10 farms)

3 2.7 1.1, 6.5

(>10 farms)

4 Categorization of the number of farms by
province that had bought the vaccine

1 116.0

(based on modelling of
standardized incidence rates)

(0-4 farms) Referent (114.0)

2 1.2 0.51, 2.6

(5-10 farms)

3 2.6 1.1, 6.4

(>10 farms)

Categorization of the number of vets or
retailers by province who had bought
the vaccine

1

(0-1 vet or retailer) Referent

2 1.8 0.71, 4.7

(>1 vet or retailer)

AIC =Akaike Information Criterion. IRR = incidence rate ratios (IRR) indicating the increase in the risk of the disease with, respectively, the increasing number of
vaccine purchaser farms or the increasing of veterinarians or retailers who had purchased the vaccine, per province. The AIC values in brackets refer to fixed-effect
models based on the same covariates.
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The very high value of population attributable fraction
that we obtained may explain the scrapie incidence
levels observed in the study area so far. However, it can-
not completely account for the current risk of infection
for the farms located in the provinces considered be-
cause other local factors will have inevitably influenced
the epidemiology of the disease in the ensuing years.
The vaccine’s impact on the secondary outbreaks can

be explained by the presence of additional risk factors
which, in general, contribute to the spread of the disease,
foremost of which is the exchange of live animals from
directly exposed farms. It might be interesting to quan-
tify the different degrees of the movement of live ani-
mals in different provinces. To do this, however, each
animal would need to be individually identifiable, and
such information is not currently available for sheep and
goats. Furthermore, animal exchange or genetic suscep-
tibility is unlikely to have acted as a confounding factor
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as there is no reason to assume that either might be
linked to exposure to the vaccine.
In conclusion, with this study we were able to quantify

an important long-term impact of the vaccine accident,
even if the number of directly exposed farms was lim-
ited. Our study shows that a large proportion of the
scrapie outbreaks, which occurred in the provinces
exposed to a vaccine against contagious agalactia in
1997, can be explained by exposure. Therefore, relevant
long-term consequences for scrapie incidence may be
expected if a vaccine accident occurs. With the use of
standardization techniques we can rule out a bias due to
differences in surveillance sensitivity.
Beyond the effect of the vaccine, the heterogeneous

distribution of scrapie in Italy deserves further research
to identify local risk factors for properly assessing the ef-
fectiveness of the national control strategy of scrapie,
which is largely based on the genetic selection
programme.
Endnotes
a These data were aggregated at the provincial level.

The territory was subdivided into provincial administra-
tive units with their relative codes according to the 2005
data from the National Institute of Statistics [22].

Abbreviations
TSE: Transmissible spongiform encephalopathies; IRR: Tncidence rate ratio;
CI: Confidence interval.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
BS, MC, IF, RG: conceived the study, participated in its design and data
analysis, and drafted the manuscript. BC: was responsible for surveillance
data collection and management. DR, BE, CL, CM: assisted in the data
analysis and reviewed the paper. All authors have read and approved the
final version of the manuscript.

Acknowledgements
The authors would like to thank the Istituto Zooprofilattico Sperimentale
delle Regioni Lazio e Toscana, Rome, Italy, for providing the vaccine
distribution data and the National Animal Registry Office at the Istituto
Zooprofilattico Sperimentale “Giuseppe Caporale” delle Regioni Abruzzo e
Molise, Teramo, Italy, for providing the farm registry data.
This study was supported by a grant from the Italian Ministry of Health,
“Ricerca corrente 07RC23”.

Received: 30 December 2011 Accepted: 6 August 2012
Published: 28 August 2012

References
1. Hopp P, Ulvund MJ, Jarp J: A case–control study on scrapie in Norwegian

sheep flocks. Prev Vet Med 2001, 51:183–198.
2. Detwiler LA, Baylis M: The epidemiology of scrapie. Rev Sci Tech 2003,

22:121–143.
3. Healy AM, Hannon D, Morgan KL, Weavers E, Collins JD, Doherty ML: A

paired case–control study of risk factors for scrapie in Irish sheep flocks.
Prev Vet Med 2004, 64:73–83.

4. Baylis M, Chihota C, Stevenson E, Goldmann W, Smith A, Sivam K, Tongue S,
Gravenor MB: Risk of scrapie in British sheep of different prion protein
genotype. J Gen Virol 2004, 88:2735–2740.
5. McIntyre KM, Gubbins S, Sivam SK, Baylis M: Flock-level risk factors for
scrapie in Great Britain: analysis of a 2002 anonymous postal survey.
BMC Vet Res 2006, 2:25.

6. Tongue SC, Pfeiffer DU, Wilesmith JW: Descriptive spatial analysis of
scrapie affected flocks in Great Britain between January 1993 and
December 2002. Vet Rec 2006, 159:165–170.

7. Corbière F, Barillet F, Andréoletti O, Fidelle F, Laphitz-Bordet N, Schelcher F,
Joly P: Advanced survival models for risk-factor analysis in scrapie. J Gen
Virol 2007, 88:696–705.

8. Green DM, Del Rio Vilas VJ, Birch CP, Johnson J, Kiss IZ, McCarthy ND, Kao
RR: Demographic risk factors for classical and atypical scrapie in Great
Britain. J Gen Virol 2007, 88:3486–3492.

9. Doherr MG: Brief review on the epidemiology of transmissible
spongiform encephalopathies (TSE). Vaccine 2007, 25:5619–5624.

10. McIntyre KM, Gubbins S, Goldmann W, Hunter N, Baylis M: Epidemiological
characteristics of classical scrapie outbreaks in 30 sheep flocks in the
United Kingdom. PLoS One 2008, 3:e3994.

11. Stevens KB, Del Río VJ, Guitián VJ: Classical sheep scrapie in Great Britain:
spatial analysis and identification of environmental and farm-related risk
factors. BMC Vet Res 2009, 5:33.

12. Ortiz-Pelaez A, Bianchini J: The impact of the genotype on the prevalence
of classical scrapie at population level. Vet Res 2011, 42:31.

13. Gubbins S, Clark AM, Eglin RD, Sivam SK: Results of a postal survey of
scrapie in the Shetland Islands in 2003. Vet Rec 2006, 158:255–260.

14. Agrimi U, Ru G, Cardone F, Pocchiari M, Caramelli M: Epidemic of
transmissible spongiform encephalopathy in sheep and goats in Italy.
Lancet 1999, 353:560–561.

15. Gordon WS: Advances in veterinary research. Louping ill, tick-borne fever
and scrapie. Vet Rec 1946, 58:516–525.

16. Caramelli M, Ru G, Casalone C, Bozzetta E, Acutis PL, Calella A, Forloni G:
Evidence for the transmission of scrapie to sheep and goats from a
vaccine against Mycoplasma agalactiae. Vet Rec 2001, 148:531–536.

17. Barizzone F, Bona C, Maurella C, Gagna C, Caramelli M, Ru G: Iatrogenic
scrapie in Italy: further evidences. In Proceedings of the First International
Conference of the European Network of Excellence NeuroPrion: 24–28 May.
Paris: 2004.

18. Bird SM: European Union's rapid TSE testing in adult cattle and sheep:
implementation and results in 2001 and 2002. Stat Methods Med Res
2003, 12:261–278.

19. Fediaevsky A, Tongue SC, Nöremark M, Calavas D, Ru G, Hopp P: A
descriptive study of the prevalence of atypical and classical scrapie in
sheep in 20 European countries. BMC Vet Res 2008, 4:19.

20. Birch CP, Chikukwa AC, Hyder K, Del Rio Vilas VJ: Spatial distribution of the
active surveillance of sheep scrapie in Great Britain: an exploratory
analysis. BMC Vet Res 2009, 5:23.

21. EFSA Panel on Biological Hazards (BIOHAZ): Joint Scientific Opinion on any
possible epidemiological or molecular association between TSEs in
animals and humans. EFSA J 2011, 9:1945.

22. National Institute of Statistics: Istituto Nazionale di Statistica.
http://www.istat.it/strumenti/definizioni/comuni/.

23. Dohoo I, Martin S, Stryhn H: Measure of disease frequency. In Veterinary
Epidemiologic Research. Edited by AVC Inc. Charlottetown, Prince Edward
Island, Canada: 2003:65–84.

24. Szklo M, Nieto FJ: Stratification and adjustment: multivariate analysis in
epidemiology. In Epidemiology Beyond the basics. 2nd edition. Edited by
Jones and Bartlett Publishers. Sudbury, Massachusetts, United States: Jones
and Bartlett Publishers; 2007:227–295.

25. Rabe-Hesketh S, Skrondal A: Counts. In Multilevel and Longitudinal Modeling
Using Stata. 2008th edition. Edited by College Station. Texas: Stata Press;
2008:373–427.

26. Gelman A, Hill J: Model checking and comparison. In Data analysis using
regression and multilevel/hierarchical models. Edited by Cambridge University
Press. Cambridge: Cambridge University Press; 2007:513–527.

27. Szklo M, Nieto FJ: Test for trend (Dose Response). In Epidemiology Beyond
the basics. 2nd edition. Edited by Jones and Bartlett Publishers.
Sudbury, Massachusetts, United States: Jones and Bartlett Publishers;
2007:435–438.

28. Rothman KJ, Greenland S, Lash TL: Analysis of polytomous, Exposure and
outcomes. In Modern epidemiology. 3rd edition. Edited by Lippincott
Williams & Wilkins. Philadelphia, USA: Lippincott Williams & Wilkins;
2008:303–327.

http://www.istat.it/strumenti/definizioni/comuni/


Bertolini et al. Veterinary Research 2012, 43:63 Page 10 of 10
http://www.veterinaryresearch.org/content/43/1/63
29. Szklo M, Nieto J: Measuring associations between exposures and
outcomes. In Epidemiology: Beyond the Basics. 2nd edition. Edited by Jones
& Bartlett Learning. Sudbury, Massachusetts, United States: Jones & Bartlett
Learning; 2007:77–105.

30. Rockhill B, Newman B, Weinberg C: Use and misuse of population
attributable fractions. Am J Public Health 1998, 88:15–19.

31. Doherr MG, Audigé L: Monitoring and surveillance for rare health-related
events: a review from the veterinary perspective. Philos Trans R Soc Lond
B Biol Sci 2001, 356:1097–1106.

32. Declich S, Carter AO: Public health surveillance: historical origins,
methods and evaluation. Bull World Health Organ 1994, 72:285–304.

33. Del Rio Vilas VJ, Pfeiffer DU: The evaluation of bias in scrapie surveillance:
a review. Vet J 2010, 185:259–264.

34. Salman MD, Stärk KDC, Zepeda C: Quality assurance applied to animal
disease surveillance systems. Scientific and Technical Review. World
Organisation for Animal Health (OIE) 2003, 22:689–696.

35. Hennekens CH, Buring JE: Epidemiology in Medicine. Mayrent SL: Little,
Brown & Company; 1987.

36. Davis CH, MacKinnon DP, Schultz A, Sandler I: Cumulative risk and
population attributable fraction in prevention. J Clin Child Adolesc Psychol
2003, 32:228–235.

doi:10.1186/1297-9716-43-63
Cite this article as: Bertolini et al.: A relevant long-term impact of the
circulation of a potentially contaminated vaccine on the distribution of
scrapie in Italy. Results from a retrospective cohort study. Veterinary
Research 2012 43:63.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Materials and methods
	Study area
	Databases
	National Surveillance data
	Vaccine distribution data
	National Animal Registry Office data

	Statistical analysis

	link_Tab1
	Graphic representation

	Results
	link_Fig1
	Discussion
	link_Fig2
	link_Tab2
	link_Tab3
	Endnotes
	Competing interests
	Authors´ contributions
	Acknowledgements
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


