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ABSTRACT 
 
Rabbit haemorrhagic disease virus (RHDV) is a non-cultivable calicivirus that infects 
rabbits (Oryctolagus cuniculus) and causes outbreaks of an acute fatal hepatitis, firstly 
described in China in 1984. Another virus, named rabbit calicivirus (RCV), related to the 
RHDV was identified in healthy rabbits in Italy in 1996. This virus is avirulent, replicates 
in the intestine at a low titre and presents a 92% genomic identity with RHDV. In 
addition, seroepidemiological data have shown the presence of 'naturally acquired' 
antibodies in Europe either from 1975 to 1987 i.e. before the first evidence of the 
disease and in colonies where RHD had never been recorded or vaccination performed, 
thus suggesting the existence of one or more non-pathogenic viral strain antigenically 
related to RHDV. In order to check the diffusion of RCV in Italian rabbitries we 
conducted a survey respectively in 39 farms in North Italy (Lombardia and Triveneto) 
and 21 farms in South Italy (Lazio, Campania and Basilicata) by testing non vaccinated 
80 dd old meat rabbits at slaughterhouse. The results indicate the presence of “natural 
antibodies” presumably induced by RCV i.e. over 80% of animals showing titres ≥ 1/20 
in almost 30% of farms controlled. 
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INTRODUCTION 
 

Rabbit haemorrhagic disease (RHD) is a highly contagious and acute fatal disease of 
the European rabbit (Oryctolagus cuniculus), caused by a calicivirus (RHDV) (OHLINGER 
1990; CAPUCCI, 1991). Another virus, named rabbit calicivirus (RCV), related to the 
RHDV was identified in healthy rabbits. It is significantly different from the previously 
characterised RHDV isolates in terms of pathogenicity, viral titer, tissue tropism, and 
primary sequence of the structural protein i.e. it is avirulent, replicates in the intestine at 
a low titre and presents a genomic identity with RHDV of around 92% (CAPUCCI et al 
1996; CAPUCCI et al 1997). Indeed, seroepidemiological data suggest the existence of 

Proceedings - 8th World Rabbit Congress –September 7-10, 2004 – Puebla, Mexico



 

 478 

one or more 'non-pathogenic' viral strain antigenically related to RHDV. In fact, the 
presence of so-called 'naturally acquired' antibodies was shown in Europe either from 
1975 to 1987 i.e. before the first evidence of the disease (RODAK et al. 1990) and in 
colonies where RHD had never been recorded or vaccination performed (TROUT et al., 
1997; MARCHANDEAU et al. 1998). The existence of non-pathogenic caliciviruses provides 
a likely explanation for the early discrepancies found in the course of serological surveys 
of the rabbit populations in European countries as well as in Australia and New Zealand 
(COOKE  et al. 2002; ROBINSON  et al. 2002). Since the antibodies against RCV and the 
putative non-pathogenic RHDV–like viruses could confer a variable level of protection 
against RHD, the possible role of these non-pathogenic RHDV-like viruses in reducing 
the impact of RHD has been suggested (COOKE  et al. 2002).  
In order to check the diffusion of RCV in Italian rabbitries we conducted a two separate 
serological surveys: the first during 1999 in 39 farms located in North Italy (Lombardia 
and Veneto) and the second during 2002-2003 in 21 farms located in Central (Lazio) 
and South Italy (Campania & Basilicata) by testing, for the presence of anti-RHD 
antibodies, non vaccinated 80dd old meat rabbits at slaughterhouse. 
 
 

MATERIAL AND METHODS 
 
Antibodies detection  
The serological test used in routine is based on a competitive ELISA (cELISA), which 
was standardized using sera from commercial rabbits, i.e. the main target of the assay. 
In the first phase of standardization it was immediately evident the presence of sera 
classify as positive (clearly above the cut -off value), even if belonging to apparently 
uninfected, healthy populations. Since these sera were strongly related to and 
repeatedly found in particular units, the existence of a non-pathogenic calicivirus highly 
related to RHDV was initially suggested and then demonstrated (CAPUCCI  et al 1996; 
CAPUCCI  et al 1997). Therefore, the cELISA, initially developed for using in the RHD 
serology, really detects also the antibodies induced by the non-pathogenic virus. 
Considering the high correlation between the two viruses, it is possible to predict a 
RHDV infection by inference from the serological results alone, only if the cELISA titres 
reach high values (>1/1280) typical of RHDV convalescent rabbit and never detected in 
RCV infected ones. The technical procedure and the steps for performing such method 
are already described in details elsewhere (CAPUCCI and LAVAZZA 2004). Moreover, in 
order to improve the serological interpretation and for correctly classifying the 
immunological status of rabbits, two different anti-isotype ELISA techniques were 
employed in order to detect specific IgA and IgM anti -RHD antibodies (Cooke et al, 
2000). The technical procedure and the steps for performing such method are already 
described in details elsewhere (CAPUCCI and LAVAZZA  2004).  
 
Sampling  
 
The seroepidemiological survey was carried out in two separate periods and 
geographical areas. In both cases, however, different groups 78-82 dd old rabbits were 
sampled and a set of at least 35 sera were taken at slaughterhouse from each group.  
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Table 1. Details of the sera sampled during the second phase of the survey with 
indication of the results obtained for each group.  
 

N. Farm  N. Prot. N. Slaughter 
house Date sampling Tot sera 

examined Tot neg % neg Tot pos % pos Result 

12av 2 08/07/2002 40 40 100,0 0 0,0 N/P 1 17av 2 13/01/2003 40 9 22,5 31 77,5  
2 19bn 3 25/06/2002 40 1 2,5 39 97,5 P 

30ce 4 09/09/2002 36 6 16,7 30 83,3 P 
31ce 4 30/09/2002 40 2 5,0 38 95,0 3 
36ce 4 27/01/2003 33 13 39,4 20 60,6  

22bn 3 05/11/2002 40 38 95,0 2 5,0 N 
24bn 3 26/11/2002 40 40 100,0 0 0,0 4 
27bn 3 11/02/2003 40 40 100,0 0 0,0  

1sa 1 03/07/2002 40 0 0,0 40 100,0 P 
6sa 1 05/11/2002 40 1 2,5 39 97,5 5 
8sa 1 10/12/2002 40 2 5,0 38 95,0  

29ce 4 17/07/2002 40 40 100,0 0 0,0 N 
33ce 4 04/11/2002 40 40 100,0 0 0,0 6 
34ce 4 25/11/2002 40 40 100,0 1 2,5  

45na 5 20/02/2003 42 42 100,0 0 0,0 N 7 46na 5 27/02/2003 42 42 100,0 0 0,0  
20bn 3 23/07/2002 40 15 37,5 25 62,5 D 8 21bn 3 24/09/2002 40 20 50,0 20 50,0  
13av 2 17/07/2002 40 40 100,0 0 0,0 N 9 15av 2 18/09/2002 40 40 100,0 0 0,0  
39na 5 23/10/2002 40 21 52,5 19 47,5 D 
40na 5 20/11/2002 40 30 75,0 10 25,0 10 
41na 5 28/11/2002 38 38 100,0 0 0,0  

38na 5 10/07/2002 35 28 80,0 7 20,0 D 11 44na 5 14/02/2003 40 27 67,5 13 32,5  
12 43na 5 07/02/2003 40 18 45,0 22 55,0 D 

23bn 3 19/11/2002 40 39 97,5 1 2,5 N 13 25bn 3 10/12/2002 40 40 100,0 0 0,0  
3sa 1 04/09/2002 40 40 100,0 0 0,0 N 
4sa 1 18/09/2002 41 41 100,0 0 0,0 
7sa 1 20/11/2002 40 40 100,0 0 0,0 14 
9sa 1 08/01/2003 40 40 100,0 0 0,0 

 

15 42na 5 05/12/2002 40 40 100,0 0 0,0 N 
16 26bn 3 08/01/2003 40 2 5,0 38 95,0 P 

28ce 4 01/07/2002 40 40 100,0 0 0,0 N 17 35ce 4 09/12/2002 40 40 100,0 0 0,0  
2sa 1 10/07/2002 40 40 100,0 0 0,0 N 
5sa 1 07/10/2002 39 38 97,4 1 2,6 18 
10sa 1 28/01/2003 40 40 100,0 0 0,0  

19 37ce 4 10/03/2003 40 25 62,5 15 37,5 D 
20 32ce 4 16/10/2002 40 40 100,0 0 0,0 N 

11av 2 01/07/2002 40 40 100,0 0 0,0 N 
14av 2 11/09/2002 40 40 100,0 0 0,0 21 
16av 2 13/11/2002 40 40 100,0 0 0,0  
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The first survey was conducted during 1999 in one big slaughterhouse located in 
Lombardia region where are usually processed rabbits originating from farms located in 
Lombardia and Triveneto (Veneto, Friuli-Venezia-Giulia and Trentino-Alto-Adige). In total 
we took 39 different groups of rabbit sera from an equal number of farms.  
 
The second survey was conducted between June 2002 and March 2003 in 5 different 
slaughterhouses located in Campania (South Italy) where are usually processed animals 
rabbits originating from either intensive or semi-intensive farms located in Campania, 
Basilicata and Lazio. A total of 45 sets of sera where take from 21 different farms; thus 
each farm was controlled at least once and maximum four times (Table 1). 
In the sampling procedures great attention was put in order to choose homogeneous 
group of animals i.e. rabbits coming from the same unit and possibly the same shed, 
and to record for each group a detailed history and a full description of the farm of origin. 
During the second phase of the survey it was also possible to take multiple sets of sera 
from the same farm at different time-points along a six months period. Indeed, we 
decided to include also some mixed groups of animals originating from small semi-
intensive units distributed in a rural area of Lazio region. 

 
 

RESULTS AND DISCUSSION 
 
The results, obtained during the first period of the survey in North Italy, are reported in 
Table 2. In 24 groups of rabbits, each group being composed by at least 35 rabbits and 
corresponding to a single rabbit farm, almost all the rabbits tested (>95%), resulted 
negative for anti-RHDV antibodies, as expected since meat rabbit are usually not 
vaccinated and maternal antibodies are normally detected till the age of 45dd maximum 
(LAVAZZA & CAPUCCI, personal observation). On the contrary more than 60% of the 
animals of 13 groups resulted seropositive with titres between 1/20 and 1/320. These 
titres must be considered low/medium in value and similar to those induced by 
vaccination. Nevertheless anamnestic data proved that no RHD outbreaks have 
occurred in the farms of origin since more than one year, neither the meat rabbits had 
been vaccinated for RHD. Finally, in 2 groups the percentage of seropositive animals 
was around 5-10% thus making impossible a reliable explanation on the nature of the 
serological titres. 
 
The results, obtained during the second period of the survey in Central and South Italy, 
are reported in Table  1 and 2. In total, the positive sera were 516 out of 1786 examined 
(28.9%) and as in the first survey the titres detected were mostly low or medium (1/20-
1/320) being only seven the sera with titres 1/640-1/1280. In two of the four positive 
farms (n. 3 and n. 5) the serological positivity was confirmed by three consecutive 
samples along a 5 months period. Similarly in all the negative farms with the exception 
of one (n. 20), the serological negativity was confirmed by two to four controls done 
within a variable period of time (1-5 months). In one farm (n. 1) 6 months after the first 
control resulted completely negative, 77,5% of the rabbits resulted positive at the second 
sampling. In the last five farms (n. 8, 10, 11, 12, 19) the rate of positive rabbits was 
ranging between 20 and 60%. It is difficult to fully explain the reasons of such partial 
seroprevalence, but it could be partially due to the fact that two (n. 10 and 11) were 
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mixed groups of animals originating from several small semi-intensive units distributed in 
a rural area of Lazio region and another group (n.8) was originating from a farms 
composed by multiple and independent sheds for meat rabbits. No reasonable 
explanations there are for the last two groups (n. 12, 19). 
 
Table 2.  Results of the serological surveys  
 
Serological results Criteria applied N. groups (%) 

Positive > 75% of rabbits positive 13  (33.3%
) 4  (19.1%

) 
5-10% of rabbits positive 2   (5.2%) 0   (0,0%) 

Doubtful 20-60% of rabbits positive 0   (0,0%) 5 (23.8%
) 

Negative to positive from 0% to >75% of rabbits positive  0   (0,0%) 1   (4.7%) 

Negative > 95% of rabbits negative 24  (61.5%
) 11  (52.4%

) 

Total  39   
Lombardy  

21   
Campania 

 
The results obtained using isotype ELISAs (Table 3) and particularly the presence of IgA 
in all the tested samples, sometimes at very high titres, clearly indicate that the 
antibodies found at slaughtering were the results of an active immunization with an 
infectious agent and not maternal antibodies, that are usually IgG, or induced by 
vaccination since in this case IgA are not detected. It is indeed notable that IgM were 
detected (farms n. 5 and 16) only in association with lower, but presumably increasing, 
titres of IgA (CAPUCCI et al 1991, COOKE et al. 2002). 
 
Table 3: Results of isotype ELISAs for detecting anti-RHDV IgA and IgM  
 

N. Farm  N. Prot. Date 
sampling 

Tot sera 
examined 

IgA pos 
(%) IgA titre (1/..) in percentage IgM 

pos (%) 
     160 640 2560 10240 ≥10240  

1 17av 13/01/2003 9 100 0.0 11.1 55.6 22.2 11.1 0.0
3 31ce 30/09/2002 11 100 0.0 36.4 36.4 9.1 18.1 0.0 
5 6sa 05/11/2002 16 100 18.7 37.5 43.8 0.0 0.0 37.5 
16 26bn 08/01/2003 10 100 0.0 60.0 20.0 20.0 0.0 10.0 

 
 

CONCLUSIONS 
 

The results of serological surveys conducted with the aim to investigate inside different 
commercial rabbit groups originating from different areas of Italy for the presence of the 
non-pathogenic virus correlated to RHDV, clearly show that antibodies reactive with 
RHDV are present in some rabbit populations. The main question that arises from the 
finding of RHDV cross-reactive antibodies is whether these antibodies could interfere 
with the RHDV infection and, therefore, with the course of the disease. The data 
obtained in this study suggest that could be such case. In fact the test here used - the 
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competition ELISA considered the standard and reference test for RHD of our laboratory 
- mainly measures antibodies directed against antigenic determinants on the external 
surface of the virus, usually the most specific and functionally important. Experimental 
data (CAPUCCI and LAVAZZA pers. observations) showed that there is a firm correlation 
between the titre in cELISA and the state of protection from the disease i.e. rabbits with 
titres equal or higher than 1/10 for antibodies specifically induced by RHDV did not show 
any sign of disease when challenged with virulent RHDV.  
Since no viral identifications were attempted, we have no direct proofs of the presence 
and circulation of a virus referable to RCV in the farms of origin of the controlled rabbits 
resulted positive. Nevertheless we are confident that the anti-RHDV antibodies found 
were the results of an active infection with an RCV-like virus. This for at least three 
reasons: 1) anti -isotype ELISAs clearly demonstrated the presence of IgA and thus of an 
active infection 2); there was no evidence of overt RHD clinical disease from the history 
of the rabbitries; 3) it is also known that such type of reactivity using cELISA makes RCV 
different from other RHDV-like strains, which existence in Europe, Australia and New 
Zealand has been only inferred by serological data. In these cases the comparison of 
the results obtained using different ELISAs systems (sandwich Indirect ELISA, solid 
phase ELISA, cELISA with degraded antigen) providing different level of specificity, 
indicated that the great part of the antibodies detected were reacting with antigenic 
determinants buried inside the structure of the RHDV capsid. Since these epitopes could 
be considered as “common” (and possibly “group specific”) in all the calicivirus of 
lagomorphs, the serological pictures achieved suggested the presence of infectious 
agents correlated with RHDV, but different from RCV. 
In conclusion, the results show that the use of serological methods of diagnosis provides 
novel and highly sensitive and specific means for the identification and characterisation 
of novel viruses inside the group of calicivirus of lagomorphs and may help to better 
understand the pathogenesis of the infection that they can cause.  
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