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Epidemiology of viral haemorrhagic disease
and myxomatosis in a free-living population
of wild rabbits
C. Calvete, R. Estrada, R. Villafuerte, J. J. Osácar, J. Lucientes
From January 1993 to June 1996, the epidemiology of myxomatosis and viral haemorrhagic disease (VHD)
was studied in a free-living population of wild rabbits (Oryctolagus cuniculus) in Spain by means of
serological surveys and radiotracking. Myxomatosis was endemic and associated with the breeding period.
Its serological pattern was characterised by a 100 per cent prevalence of antibodies in adult rabbits and a
rapid increase in antibodies in young rabbits in their first year. No mortality from myxomatosis was detected
in adults, and mortality in young rabbits could not be estimated because of interference by predators and
scavengers and the deaths of many radiotagged rabbits inside their burrows. VHD was also an endemic
disease associated with the breeding period. Adults had a higher prevalence of antibodies against VHD than
young rabbits, reaching values of 80 to 90 per cent. During the study, there was an increase in rabbit
numbers as a result of a decrease in mortality from predation which was associated with an increase in
mortality due to VHD and in the prevalence of antibodies to VHD. Mortality from VHD was lower in rabbits
with VHD antibodies than in seronegative rabbits, but some mortality from the disease was also detected in
seropositive rabbits. The annual mean mortality rate due to VHD in adult rabbits was estimated to be
21·8 per cent.
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THE wild rabbit (Oryctolagus cuniculus) is one of the most
important vertebrate species in Spanish Mediterranean
ecosystems. Its size and relative ease of capture make it the
potential prey of many predator species (Delibes and Hiraldo
1981), and the biodiversity of these ecosystems is usually
associated with large numbers of rabbits. In addition,
wild rabbits are the primary species of small game in sport
hunting, and constitute the largest percentage of the game
bag.
The appearance of myxomatosis in the 1950s led to a substantial reduction in the population density of rabbits and significant changes in their distribution in Spain (Muñoz 1960).
Nevertheless, rabbit populations gradually increased until the
arrival of viral haemorrhagic disease (VHD) at the end of the
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1980s (Argüello and others 1988), which caused another considerable decrease in numbers and the extinction of many
local wild rabbit populations (Villafuerte and others 1995).
Since then, considerable efforts have been made to increase
rabbit populations by restocking (Calvete and others 1997),
by vaccination against VHD and myxomatosis, and by the control of predator populations. The results of these initiatives,
however, have been inconclusive. Despite the importance of
VHD in wild rabbit ecology and of its impact on other species
which are affected either directly or indirectly by the decrease
in the rabbit population, most studies of the disease have centred on its pathology and epidemiology in domestic rabbits,
and data on wild populations are scarce. The aim of this study
was to investigate some epidemiological parameters of VHD,
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and to estimate its effects on the survival rates of wild rabbit
populations.
MATERIALS AND METHODS
Study area
The wild rabbit population chosen for study was located in
a 250 hectare area representative of the Mediterranean ecosystem of the middle valley of the Ebro River, 15 km from
Zaragoza in north-east Spain. The landscape consisted of low
hillocks interspersed with small fields of wheat and barley.
The natural vegetation was sparse steppe scrub with species
such as Genista scorpius, Rosmarinus officinalis and Thymus
species which were restricted to the hillocks where rabbit burrows are abundant. The climate was semi-arid Mediterranean,
with an average of 300 mm of rain per year, and mean
monthly temperatures ranging from 6·3°C in January to
25·9°C in August. Myxomatosis had been present in the rabbits in the area since the 1950s, whereas VHD was first detected
in 1989.
Data collection
From March 1992 to September 1996, rabbit pellets were
counted monthly in 50, 1 m2 plots in the study area (Taylor
and Williams 1956). The mean number of pellets deposited
per day over 100 m2 was used as a monthly index of rabbit
numbers, and the annual accumulated mean of this index was
used to survey the numbers throughout the study period.
To characterise population breeding, reproductive indices
were estimated by regularly live trapping rabbits between
January 1993 and June 1996. In 1993 and 1994, rabbits were
captured by ferreting and baited cage traps. As these methods
did not prove very effective, from the beginning of 1995 to the
end of the study, only burrow fences were used. This method
entailed surrounding the perimeter of each burrow with 1 m
high wire mesh so that the rabbits, which could only cross
through several 20 cm diameter holes in the lower part of the
mesh, were trapped in cage traps placed outside each hole.
The captured rabbits were sexed, weighed and identified
with a numbered ear tag (Presadom number 3; Chevillot);
males with testicles in the scrotum and pregnant or nursing
females were recorded. The reproductive indices of the population were calculated by using data from males weighing
880 g or more (the smallest male with testicles in the scrotum)
and females weighing 960 g or more (the smallest pregnant
female). The apophyseal line of the tibia was used as an indicator of age (Watson and Tyndale 1953). Two age classes were
differentiated: adult rabbits without a palpable apophyseal
gap and young rabbits with this gap.
Each captured rabbit was placed inside a cloth bag and a
1·5 ml blood sample was obtained from an incision in the
auricular marginal vein. The blood samples were allowed to
clot at room temperature, centrifuged and the serum
obtained was frozen at –20°C and sent the Hipra SA
Laboratory, Gerona, Spain, for the determination of antibody
concentrations against VHD and myxomatosis by means of
ELISAs (Pagés and others 1991). The antibody concentration
was expressed in terms of a relative index of immunity (RI)
ranging from 1 to 10, sera with an RI of 2 or more being positive. Blood samples were not taken from rabbits weighing less
than 300 g (aged approximately under eight weeks) to avoid
interference by maternal antibodies. A total of 344 sera were
obtained during the study 156 from adults and 188 from
young rabbits. Logistic regression was used to identify the factors associated with variations in the prevalence of the antibodies.
Rabbits found dead were examined postmortem, mainly
to search for lesions due to VHD. When possible, a direct
haemagglutination (HA) test was used to detect VHD antigens
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FIG 1: Mean percentages of male rabbits with testicles in
the scrotum and pregnant and nursing females throughout
the study, and the mean abundance index of the rabbit
population, expressed as the number of pellets deposited
per day per 100 m2, estimated for periods of two months
during the year

in liver tissues. The tests were carried out by the Hipra
Laboratory, using a micromethod.

SA

Radiotracking
From January 1993 until June 1996, the pattern of rabbit mortality was monitored by telemetry. Data on radiotagged adults
and young were obtained throughout 1993, 1994 and 1995,
but only data on adults were available in 1996. The rabbits
were marked with transmitters equipped with an activity sensor (Biotrack). Rabbits weighing 600 g or more were tagged
with 20 g radiocollars, but lighter rabbits were tagged with
5 g radiotags attached to their ears. The rabbits were located
once every three days, to check whether they were alive or
dead and, if dead, to determine the cause of death. When rabbits died inside a burrow, disease was assumed to be the cause.
Mortality rates and their 95 per cent confidence intervals (CIs)
were calculated for annual and two-month intervals by using
the program Micromort, and compared by means of the oneway z-test (Heisey and Fuller 1985). The data obtained from
young rabbits during the first week after they were tagged
were excluded from the rate calculations to avoid any possible interference from an increase in mortality as a result of
their increased vulnerability to predation while they adapted
to the radiotags (Boag 1972, Gilmer and others 1974).
In all, data from 69 adults and 80 young were obtained
during the study. Data for the young rabbits were added to
those for the adults from January of the year after their birth.
The adults were classified into two groups: 35 seronegative,
with no VHD antibodies when tagged, and 34 seropositive,
which had VHD antibodies when they were tagged.
RESULTS
Population dynamics
The reproductive indices showed that the population bred
annually (Figs 1, 2). Males with testicles in the scrotum were
captured throughout the year, with the largest percentage captured between September and April. Pregnant females were
captured between October and April, especially between
January and April, and the highest percentage of nursing
females was captured in March and April.
The monthly variation in the population index (Fig 2)
showed an annual cyclical pattern related to breeding. The
index increased in February and March of each year and
reached a maximum at the end of the breeding season
in about May or June. This abundance pattern showed a
maximum correlation with rainfall seven months earlier
(P<0·01), such that the peaks in population numbers in
the spring were correlated with the autumn rainfall in the
previous year.
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Myxomatosis
During many visits to the study area, pathognomonic lesions
due to myxomatosis were observed only during the breeding
months, and only on young animals (Fig 2). The most common lesions were swellings (fibromas) on the nose, eyelids,
external ear and anogenital region accompanied by mucopurulent blepharoconjunctivitis.
Throughout the study, 100 per cent of the adult rabbits
had antibodies to myxomatosis and there was no variation
either within or between years (Table 1). Young rabbits, however, had a lower prevalence (P<0·001) that increased towards
the end of every year (P<0·01); no difference was found
between the sexes, but the prevalence varied from year to year,
having the lowest estimated value in 1996 (P<0·001).
However, this variation was caused by the design of the survey. All the rabbits sampled in 1996 were captured before the
period of maximum incidence of myxomatosis, so that rabbits with myxomatosis were not detected until June of that
year, which was later than in previous years. As the survey finished in July, a low antibody prevalence was estimated because
of the high proportion of young not yet infected with the
myxomavirus.
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The autumn of 1995 was particularly dry, and the rainfall
typical of autumn occurred in winter, causing a delay in the
breeding season until the beginning of 1996. In 1996, the first
pregnant females were captured in March, and the abundance
index did not increase until April to May, later than in
previous years.
The annual accumulated mean of the population index
increased slightly during the study, the highest value occurring
in 1995 before it decreased in the first half of 1996 (Fig 2).

FIG 2: Monthly means and the annual mean rabbit
abundance index, expressed as the number of pellets
deposited per day per 100 m2, the average monthly rainfall
(mm) during the study, and the months during which rabbits
were observed with myxomatosis or were observed with or
died (per cent) of viral haemorrhagic disease (VHD)

partially compensated by an increase in mortality from
disease, which was positively correlated with the increase in
population (Fig 3).
For both age classes, there were no significant differences
between males and females in the total or cause-specific
mortality rates. In adult rabbits, there was no difference
between the sexes in comparisons of the overall mortality
rates with respect to the presence or absence of VHD
antibodies.
Flooding Mortality due to flooding was observed only once.

Viral haemorrhagic disease
From January 1993 to June 1996, 70 dead rabbits with gross
lesions compatible with VHD were found (Fig 2). The most
common lesions were in the trachea, lungs and liver, with
hyperaemic dark reddening of the tracheal mucosa accompanied by abundant frothy fluid, lung congestion with multifocal haemorrhages, and a soft liver which was darkened or
pale yellow with a marked lobular pattern. These lesions were
frequently accompanied by poor blood coagulation and
petechial haemorrhages in almost all the organs. Of the 70
rabbits, 46 (65·7 per cent) were found during the main breeding period (November to April, when the highest percentage
of pregnant females was found), and the others during the
rest of the year (P<0·01). Twenty-five of the 45 young rabbit
carcases, and 21 of the 25 adult carcases were found during
the breeding season.
Thirty of the 70 carcases were in relatively good condition
and liver samples were tested for VHD antigen by the HA
test. Of the 19 samples obtained before May 1995, 12 were
positive, but the 11 samples obtained later were negative
(P<0·001).
In general, the prevalence of antibodies to VHD (Table 1)
increased during the study (P<0·001), although the lowest
prevalence for young rabbits occurred in 1994. Adult rabbits
had a higher prevalence than young rabbits (P<0·001), reaching values of around 80 to 90 per cent in 1995/96. No statistically significant differences were observed in the prevalence
of VHD antibodies either within years or between the sexes.
Radiotracking
Three factors – flooding, predation and disease – were identified as causes of mortality, the last two being much more
important than flooding (Table 2). Overall, the mortality
among young rabbits was higher than among adults (P<0·01),
although there was a general decrease in annual mortality
during the study owing to a considerable reduction in mortality from predation in 1994 and 1995. This reduction was
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In May 1996, heavy rain flooded the burrows near the valley
bottoms, and three of the 32 radiotagged adults died inside
the flooded burrows. This represents a mortality rate of 9·4
per cent (95 per cent CI 0 to 19·5 per cent).
Predation For both adult and young rabbits, predation was

the most frequent cause of death in the population. When
possible, predation was assigned either to raptors (evidence
of feathers, characteristic tufts of torn out hair and remains
of long bones), or to carnivores (incisor marks on collars,
scat, rabbit caecum, and sometimes burying of corpse
remains). Red foxes (Vulpes vulpes) were the most frequently
identified carnivore. During the study, 34 radiotagged adult
rabbits were predated, foxes being identified as the species
responsible for 21 of them and raptors for five. In the
remaining eight cases, the species of predator could not be
identified, although raptors were ruled out because of a lack
of the obvious signs they leave in the remains. Fifty-eight
young rabbits were predated, 18 by foxes, 14 by raptors and
one by a feral dog and, in 25 cases, the predator could not be
identified.
TABLE 1: Numbers of adult and young rabbits, the prevalence of antibodies to myxomatosis
and viral haemorrhagic disease (VHD) and their mean (se) relative index of immunity (RI) to
these diseases in successive years
1993
Adults
Young

1994
Adults
Young

1995
Adults
Young

Number
28
25
46
22
33
98
Myxomatosis
Seropositive
28
16
46
16
33
94
Prevalence (%) 100
64
100
73
100
96
RI
7·8 (0·4) 8·9 (0·6) 7·8 (0·4) 8·2 (0·6) 7·5 (0·4) 8·2 (0·2)

1996
Adults Young
32

43

32
4
100
9·3
7·2 (0·5) 2·5 (0·5)

VHD

Seropositive
13
11
29
Prevalence (%) 46
44
63
RI
5·1 (1·0) 4·7 (0·9) 4·3 (0·5)

3
14
3 (0)

28
55
85
56
6·7 (0·5) 5·8 (0·4)
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TABLE 2: Total and cause-specific mean annual rates of mortality (per cent) and their 95 per
cent confidence intervals of adult and young rabbits with and without antibodies to viral
haemorrhagic disease

100

Adults
Total mortality
Predation
Diseases
Flooding

(a)

Adults

Young

Seropositive

Seronegative

P

60·2
(45·7-70·8)
36·8
(24·6-49·0)
21·8
(11·7-32·0)
1·5
(0-4·5)

93·0
(79·0-97·7)
69·7
(50·2-89·3)
23·2
(4·5-42·0)
–

56·6
(28·0-67·3)
43·1
(24·2-62·0)
13·5
(1·0-26·1)
–

63·6
(43·3-76·6)
29·3
(14·1-44·6)
31·1
(15·2-47·0)
3·1
(0-9·1)

NS
NS

<0·05
NS

NS Not significant

99·3 99·3

87·6
52·9

60
20

37·3

0

0
(b)

50·3
36·3

40

1993

1994

1995

100
80

Disease Disease was considered to be the cause of death of

20

14 radiotagged adults. Five died inside a burrow, but only
two of the carcases could be recovered because the size and
complexity of the burrows hindered excavation. Death
from disease was assumed in the remaining three cases.
Postmortem examinations of the 11 recovered carcases
revealed obvious lesions compatible with VHD in all of them.
The presence of VHD antigen was confirmed by the HA test in
three of the four carcases found in good condition.
The pattern of mortality from disease among adult rabbits
was cyclical (Fig 2). In 1993, 1994 and 1995 the main periods of mortality were observed in January and February, just
before the increase in the abundance index. The mortality
rates from disease estimated for the adults in each of these
two-month periods were 19·1 per cent (0 to 46·7), 25·5 per
cent (6·3 to 44·7) and 20 per cent (0·4 to 35·8), respectively.
In 1996, however, the main period of mortality was April to
May, which correlated with the delay in reproduction. The
estimated rate for this period was 9·6 per cent (0 to 22·1),
lower than in the previous years. Other secondary peaks of
mortality, detected in May and October 1995, were related to
maximum population numbers.
None of the nine adults that died from VHD between
January 1993 and February 1995 had antibodies against VHD
when they were captured and radiotagged, whereas the five
that died between May 1995 and May 1996 had VHD antibodies (RI in the range 2 to 10) when they were captured four
to 10 months before their deaths. Seropositive adults suffered
a lower annual mortality rate from disease than seronegative
adults (P<0·05), although there was no significant difference
between the total mortality rates of the two classes (Table 2).
Eleven of the 18 young rabbits classified as having died
from disease did so inside burrows. Seven of the carcases
could not be recovered, so the cause of their deaths was
unknown. Another four were recovered in an advanced state
of decay but with no signs of predation; again the cause of
death remained unknown. Scavengers sometimes prevented
the recovery of entire carcases of radiotagged rabbits; partially
eaten carcases or carcases without viscera were often found.
As a result, only three cases of lesions compatible with VHD
were recorded in young rabbits. Mortality from disease in this
age class occurred mainly during the breeding period, that
is, March 1993, May 1994, and February, March and
September 1995.

0
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The reproduction of wild rabbits is associated with the growth
of vegetation which, in turn, is related to rainfall and temperature (Poole 1960, Wood 1980). The breeding season of
the study population started with the first substantial autumn
rains, after which the proportion of pregnant females
increased over the course of the breeding season. This depen-
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FIG 3: Total and cause-specific rates of mortality (per cent)
among (a) young and (b) adult rabbits, and the annual mean
abundance index of the rabbit population, expressed as the
number of pellets deposited per day per 100 m2

dence on rainfall delayed the start of reproduction in winter
1995/96 owing to the shortage of rain in autumn 1995. This
pattern was similar to that observed in other populations of
rabbits in southern Spain, in which the highest proportion
of pregnant females occured in February to April, and the
lowest in November to January (Soriguer 1981).
Predation and disease were the two main causes of mortality. The rates and yearly patterns of mortality were characteristic for rabbits, with lower mortality rates in adults than
in young, and predation being the main cause in both age
classes (Tyndale-Biscoe and Williams 1955, Parer 1977, Wood
1980, Wheeler and King 1985, Gibb 1993, Kunkele and
Von Holst 1996). Nevertheless, the true impact of disease was
probably underestimated because sick rabbits are more prone
to predation, and rabbits that die from disease may be consumed as carrion and wrongly classified. This effect, especially
in the young rabbits, is suggested by the results shown in
Fig 3.
Clinical cases of myxomatosis were observed only in
young rabbits in winter and spring. The serological survey
showed that all the adult rabbits had myxoma antibodies with
a high RI value throughout the year, signifying that most
adults were probably resistant. The estimated prevalence
of antibodies in the young rabbits was lower, although it
increased during the year as they were gradually infected by
myxomavirus. In general, myxomatosis was endemic, with
outbreaks or increases in incidence associated with the
recruitment of susceptible young rabbits, which were virtually all infected in the first year of life. This association was
made evident in 1996, when the delay in breeding occurred
simultaneously with the delay in the annual outbreak of
myxomatosis.
These annual outbreaks of myxomatosis were probably
initiated by transmission via fleas of the species Spilopsyllus
cuniculi (Mead-Briggs and Vaughan 1975), whose numbers
are associated with rabbit reproduction. This flea was the
most abundant flea species in the area between March and
May (Osácar 1996). The subsequent maintenance of the disease could depend on other flea species, such as Xenopsylla
cunicularis (Launay 1982), which are very abundant in the
area in spring and summer (Osácar 1996).
This pattern of myxomatosis is similar to that described
for some French populations, which were found to be characterised by 100 per cent antibody prevalence in adult rabbits,
and by the start of the annual outbreak when prevalence
drops below 50 to 20 per cent in the whole population
779
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as a result of the recruitment of young rabbits during the
breeding season. After becoming infected, the young quickly
reach antibody prevalence levels similar to those of the
adults (Arthur and Louzis 1988, Rogers and others 1994,
Marchandeau and Boucraut 1999).
All the radiotagged adult rabbits had high values of RI
against myxomatosis, and no mortality from this disease was
detected among adults. However, myxomatosis was probably
an important cause of mortality among young rabbits
because, despite the high proportion that died inside their
burrows and the fact that carcases were quickly eaten as carrion, the buried heads of two predated radiotagged young
rabbits were found with evident lesions of myxomatosis. This
suggests that mortality due to myxomatosis was to a large
extent hidden by predation. In contrast to the relative ease
with which rabbits that died from VHD were found, the high
prevalence of subacute or chronic forms of myxomatosis
probably hindered the discovery of rabbits that died from
myxomatosis; rabbits with myxomatosis were more likely to
be predated before they died from the disease.
Although mortality from VHD among adult rabbits was
included within mortality from disease, all the radiotagged
adults found dead from disease had lesions compatible with
VHD. The three adults that died inside the burrow and whose
carcases could not be recovered, also probably died of VHD,
because they died at the same time as other rabbits that died
from this disease and all the radiotagged adults were resistant
to myxomatosis. It may therefore be supposed that, among
adult rabbits, mortality from disease was due exclusively to
the VHD virus. However, the estimated mortality from disease
in young rabbits probably had a more diverse aetiology. Past
studies have shown that in addition to myxomatosis and VHD,
other diseases of parasitic origin can be the cause of death of
young rabbits (Tyndale-Biscoe and Williams 1955, Stodart
1968). Nevertheless, the annual mortality from disease
among young rabbits increased progressively from 1993 to
1995, and coincided with the increase in the prevalence of
VHD antibodies in both age classes and with the increase in
mortality from VHD in adults. This correlation suggests that
the increase in mortality from disease among young rabbits
could also have been caused by an increase in mortality from
VHD.
Throughout the study, a considerable increase in the
prevalence of VHD antibodies occurred in parallel with an
increase in population density. This trend coincided with the
absence of positive results for the HA test in the samples
analysed after May 1995, when the higher prevalence values
and population numbers were estimated. Wild rabbit populations with a high prevalence of antibodies to VHD have been
described by Dugast (1995), Marchandeau and others (1998)
and Marchandeau and Boucraut (1999), who suggested that
such high prevalence values could be caused by some strain
of non-pathogenic rabbit calicivirus (RCV) (Capucci and
others 1996b). This leaves the possibility that the observed
increase in the resistance of the rabbits to infections by VHD
virus could have been due to the appearance or generalisation
of a new strain of less lethal non-haemagglutinating virus
(Capucci and others 1996a, Kesy and others 1996). This possibility would account for the observed increase in antibody
prevalence and population density, owing to the reduction in
mortality from VHD in infected rabbits.
However, another hypothesis is that the increase in numbers from 1993 to 1995 could have been due to a decrease in
predation. Although no special effort was made to monitor
the fox population, in early 1994 there was an outbreak of sarcoptic mange among foxes, and sightings of foxes in the area
decreased considerably in 1994 and 1995. This parasitic disease can cause high mortality in wild canid populations
(Pence and Windberg 1994) and, since foxes were the most
frequent predator of radiotagged rabbits, sarcoptic mange in
780

foxes would have been expected to decrease rabbit mortality
from predation and facilitate the increase in population density. This increase could have raised the reproduction rate of
the VHD virus, leading to an increase in mortality due to VHD
that partially compensated for the decrease in predation.
Hence, despite the high mortality the virus causes in infected
rabbits, the considerable increase in antibody prevalence
could have been due to the increased incidence of VHD in
young rabbits during the breeding period as a result of the
increase in population density and, therefore, in the contact
rate. These circumstances may have reduced the average age
of infection and increased the proportion of rabbits infected
at ages at which they were resistant to the disease, increasing
the proportion of seropositives in the population (Anderson
and May 1982, 1983). The observed epidemiological changes
could, therefore, have been due to variations in population
dynamics rather than to changes in the resistance of the
rabbits to infection or to variations in the pathogenicity of the
virus.
On the other hand, some of the liver samples may have
given negative results in the HA test because the degradation
of viral particles caused by sample decomposition disabled
the haemagglutination reaction (Capucci and others 1991).
However, subacute or chronic forms of VHD are associated
with the appearance of degraded non-haemagglutinating
virus particles, so the absence of haemagglutination in all
of the samples analysed after May 1995 might have been due
to the generalisation of these disease forms resulting from
the high prevalence of antibodies to VHD in the population
during that period (Capucci and others 1996a, Granzow and
others 1996). However, this also leaves open the possibility
of the appearance or generalisation of a new pathogenic nonhaemagglutinating variant of the VHD virus (Capucci and
others 1998, Schirrmeier and others 1999).
The presence of VHD antibodies in adult rabbits was associated with a higher survival rate due to a reduction in mortality from the disease, although death from VHD was still
detected in seropositive rabbits. Rabbits with VHD antibodies that died from VHD may have suffered from persistent
infection, although the observation of cyclical mortality from
the disease, even in seropositive rabbits, suggests that these
rabbits were newly infected during outbreaks. It remains
unknown, however, whether the antibodies in seropositive
rabbits originated from previous VHD infections or whether
they were due to some non-pathogenic strain of RCV.
There was an annual cycle in the occurrence of VHD outbreaks, which were detected predominantly in winter and
spring. This regular cycle indicates that VHD was an endemic
disease, with endemic peaks or increases in incidence associated with rabbit reproduction. This relationship was evident
in 1996, when the delay in breeding was associated with an
equivalent delay in the beginning of the endemic peak of the
disease. This epidemiological pattern suggests that the virus
remains in the same area from one year to another, although
the primary reservoirs of the virus from an epidemiological
point of view are still unknown. The peaks of maximum mortality from VHD in adult rabbits were detected at the beginning of the second half of the breeding season, when the
highest proportion of pregnant females was found, and when
most young rabbits were still limited to the burrows. In these
conditions, the rate of reproduction of the virus would have
been less than that expected if only the numbers of rabbits
were considered; the simultaneous appearance of numerous
sources of virus could be suggested as the cause of the high
mortality detected among adults at the start of the annual
outbreaks. It is possible that rabbits with a persistent infection function as sources of the virus (Loliger and Eskens
1991), or that flies act as reservoirs and mechanical vectors
(Asgari and others 1998). However, the small numbers of persistently infected rabbits in wild populations in Spain (Simón
The Veterinary Record, June 22, 2002
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and others 1998), and the limited winter activity of flies in the
area, suggest a different reservoir for the virus. The persistence
of the virus inside the burrows, associated with the large number of rabbit deaths from VHD inside them (Cooke 1996) may
play an important role in VHD epidemiology because during
the breeding season adult rabbits considerably increase their
use of the burrows, especially for digging (Gibb 1990). This
behaviour would facilitate the simultaneous infection of a
high proportion of the adults, causing the annual winter
outbreak, which would continue while there were sufficient
susceptible young rabbits in the population (Cooke and
others 2000).
The question of whether the burrows are the main reservoir of the VHD virus is an important point for future
research, because the numbers of burrows might determine
how the disease manifests itself and its impact on rabbit populations. If burrows acted as reservoirs of VHD, it would be
expected that, in areas with many burrows, VHD would be
endemic and associated with the breeding season when young
and, therefore, resistant rabbits form a substantial proportion
of the population. In areas where burrows are scarce or
absent, however, VHD would be expected to be irregular and
epidemic, and associated with successive reintroductions of
the virus by carriers. In comparison with the great impact of
VHD on wild rabbits, little is known about rabbit ecology, and
more research is needed both on the epidemiology of VHD in
wild rabbit populations and on possible measures to help
them to recover.
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