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Fox rabies re-emerged in northeastern Italy in 2008, 
in an area bordering Slovenia. In 2009, the infection 
spread westward to Veneto region and in 2010 to the 
provinces of Trento and Bolzano. Aerial emergency oral 
fox vaccination was implemented in the winter 2009-
10. Since this vaccination was performed at altitudes 
below the freezing level, a statistical analysis was 
conducted to evaluate its impact. Of the foxes sam-
pled following the vaccination campaign, 77% showed 
a rabies antibody titre of ≥0.5 IU/ml.

Background
In October 2008, rabies infection was diagnosed in 
a red fox (Vulpes vulpes) in the municipality of Resia 
(Region of Friuli Venezia Giulia, northeastern Italy) [1]. 
Friuli Venezia Giulia had been affected by rabies in the 
1970s and 1980s and, more recently, in the period from 
1991 to 1995 [2]. Oral fox vaccination campaigns using 
SAD B19 vaccine baits [3] were conducted in these 
areas in 1989 and from 1992 to 2004, and the last doc-
umented animal to be infected with rabies was a fox 
diagnosed in December 1995 in the province of Trieste 
(Friuli Venezia Giulia), in an area bordering Slovenia. 
Since then, no other cases had been reported, and 
since 1997 Italy had been classified as rabies-free.

Following the identification of the infected fox in 
October 2008, three oral fox vaccination campaigns 
were conducted in Friuli Venezia Giulia, providing 
manual distribution of vaccine baits [4]. However, in 
November 2009, fox rabies spread westward to Veneto 
region and reached the autonomous provinces of 
Trento and Bolzano in spring 2010. 

Following reports of infection in Veneto region, an 
emergency vaccination campaign in accordance with 
the European Union (EU) recommendations [3] was 

implemented in a large area that included the recently 
affected regions (Figure 1). 

In particular, from 28 December 2009 to 20 January 
2010, SAD B19 vaccine baits (Fuchsoral, IDT Biologika) 
were distributed by helicopter in an area of approxi-
mately 9,000 km2, using a satellite-navigated and com-
puter-supported automatic bait dropping system [5]. 
An electronic metronome connected to a GPS allowed 
adjusting the dropping tempo to the speed of the heli-
copter, permitting an estimated bait coverage of 25-30 
baits/km2. Given that there was no precise informa-
tion on the size or structure of Italy’s fox population, 
we applied the average bait density recommended for 
high fox population densities (i.e. 20-30 baits/km2) [6]. 
Vaccine baits were distributed only at altitudes below 
the freezing level (1,000 m above sea level (asl)), tak-
ing into account the average winter temperature in the 
Alps. 

Here we provide the results from monitoring the emer-
gency vaccination campaign, in terms of the number of 
foxes that achieved protective antibody titres [6], and 
we compare the number of laboratory-confirmed cases 
of rabies in red foxes in the period before and after the 
vaccination campaign. 

Methodology
The study period ranged from the date that the first 
case was reported in Veneto region (17 November 
2009) to the date of conclusion of the study monitor-
ing the effectiveness of the emergency oral fox vacci-
nation campaign (9 May 2010). The study period was 
then divided into a pre-vaccination period, taking into 
account the time needed for the foxes to develop anti-
bodies, and a post-vaccination period. The cut-off date 
chosen to distinguish these periods was 4 March 2010 
(i.e. 30 days after the end of bait distribution). The 
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tested foxes were those that had been found dead or 
killed by hunters in the study area (it is mandatory to 
bring these animals to the National Reference Centre 
for Rabies at Legnaro Institute).

Case definition
A case of rabies was defined by a positive result in the 
fluorescent antibody test (FAT) followed by a confirma-
tory test, i.e. tissue culture isolation (TCIT) or mouse 
inoculation test (MIT) [6].

The immune response of foxes to oral vaccination was 
determined by a fluorescent antibody virus neutralisa-
tion test (FAVN test) [6]. All analyses were conducted 
in the laboratory of the National Reference Centre for 
Rabies at Legnaro Institute.

Results of the winter emergency 
vaccination campaign
Of 1,917 red foxes tested, 1,324 were collected in the 
pre-vaccination period and 593 in the post-vaccination 
period. Rabies was laboratory-confirmed in 170 of the 
1,917 foxes (Figure 1). Of these 170, 100 (58.8%) were 

Figure 1
Areas with laboratory-confirmed cases of rabies in red fox, northeastern Italy, 17 November 2009–9 May 2010

Source: National Reference Centre for Rabies, Istituto Zooprofilattico Sperimentale delle Venezie – IZSVe, Legnaro (Padova), Italy

Table 
Rabies cases by period and altitude at which the fox was found, northeastern Italy, 17 November 2009–9 May 2010 (N=170)

Period
Altitude

Below 900 m asl Above 900 m asl Total
Number Percentage Number Percentage Number Percentage

Pre-vaccination 41 41% 59 59% 100 100%
Post-vaccination 11 16% 59 84% 70 100%

Total 52 31% 118 69% 170 100%

asl: above sea level.
Source: National Reference Centre for Rabies, Istituto Zooprofilattico Sperimentale delle Venezie – IZSVe, Legnaro (Padova), Italy.
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diagnosed in the pre-vaccination period and 70 in the 
post-vaccination period. All of the rabid foxes were 
found dead or shot by hunters in mountainous areas, 
at altitudes ranging from 398 to 2,224 m asl. The rabid 
foxes were found at the lower mean altitude (971 m 
asl) during the pre-vaccination period, compared to the 
post-vaccination period (1,206 m asl) (one-tailed t-test, 
p value <0.001).

Given that vaccine baits were distributed at altitudes 
below the freezing level (which corresponds to 1,000 
m asl), a conservative cut-off value of 900 m asl was 
selected to identify the zones covered by vaccina-
tion (≤900 m asl) and those not covered (>900 m asl). 
During the pre-vaccination period, rabies cases were 
almost equally distributed below and above 900 m 
asl (41% and 59% of cases, respectively), whereas in 
the post-vaccination period there was a significantly 
higher number of cases (84%) found above 900 m asl 
(chi-square test, p value <0.001) (Table). To determine 
whether this difference was related to vaccination 
coverage, the homogeneity of the sample in terms of 
vaccination period and altitude was investigated (the 
location in which the fox was collected was available for 
1,809 of the 1,917 foxes tested). Given that there were 
no statistically significant differences in the number of 
foxes when comparing the two periods or the altitudes, 
the sample was considered to be homogeneous. We 
can thus hypothesise that the lower number of cases 

found below 900 m asl during the post-vaccination 
period was related to vaccination coverage.

With regard to temporal trends, there were no dif-
ferences in the weekly number of cases by altitude 
in the pre-vaccination period (Mann-Whitney test, p 
value=0.078), whereas significant differences were 
found in the post-vaccination period (p value <0.01) 
(Figure 2).

Of the 593 foxes collected in the post-vaccination 
period, 203 (i.e. those coming from the vaccination 
area and negative in the FAT assay) were tested by 
means of FAVN test to investigate the effectiveness of 
the vaccination campaign. The mean antibody titre was 
2.0 IU/ml (min 0.1–max 16.6 IU/ml). Of these 203 foxes, 
156 (77%) were considered as immunised, in that their 
antibody titre exceeded the level considered to be 
protective by the OIE Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals (≥0.5 IU/ml) [6]. 

Other rabies control measures
In addition to the emergency vaccination campaign, pre-
ventative measures were implemented in the affected 
areas, including compulsory rabies vaccination of dogs 
and domestic herbivores at risk of infection (i.e. cows, 
horses, sheep and goats kept outdoors), movement 
restrictions of dogs, and enhancement of surveillance 
in the wild animal population. Furthermore, an infor-
mation campaign was conducted in order to increase 

Figure 2
Weekly trend of laboratory-confirmed cases of rabies by period and altitude at which the fox was found, northeastern Italy, 
17 November 2009–9 May 2010 (N=170)

asl: above sea level.
Source: National Reference Centre for Rabies, Istituto Zooprofilattico Sperimentale delle Venezie – IZSVe, Legnaro (Padova), Italy.
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risk-awareness of the population and improve prepar-
edness of health services.

Conclusions
The emergency OFV campaign was carried out during 
the winter, under unfavourable weather conditions. In 
fact, it is not recommended that vaccination be per-
formed at temperatures below 0 °C because frozen 
vaccines do not induce a sufficient immune response 
and the virus titre may decrease as a result of freezing-
thawing cycles [3]. Despite this and the fact that the 
size and structure of the fox population are unknown, 
the campaign led to satisfactory immune coverage 
(77%) and the reduction of rabies incidence below 
1,000 m asl. In the spring of 2010, a second aerial 
OFV campaign was implemented in a larger geographi-
cal area (i.e. the entire region of Friuli Venezia Giulia, 
Trento and Bolzano, and part of the Veneto region). 
Based on the results of the present monitoring study, 
this campaign was expanded to cover altitudes up to 
2,300 m asl and ended in mid-June.
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