Incidence of viral hemorrhagic disease
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Summary. — The current distribution and rate of spread of rabbit hemorrhagic disease
(RHD) has been studied in Spain using interviews with hunters and conservationists and field
surveys. The disease is currently present throughout Spain. A low rate of expansion (2-15 km per
month), yet long distances between simultaneous outbreaks, suggests human-related transmission
of RHD. The disease appears annually, mainly during spring (52.5 %) and winter (33.8 %). Most
of the interviewees (63 %) indicated that the first outbreak of the disease caused greater mortali-
ties than successive outbreaks. To investigate this, we estimated the mortality rate from RHD ot
one locality, six years after the initial outbreak. The mortality rate was approximately 30 %, and
lower than that estimated during the first outbreak of RHD (55-75 %). Few populations of rab-
bits (7.5 %) have returned to levels they held prior to the onset of the disease. Recovery was
greater among dense populations. Most sites with low population of rabbits prior to the arrival of
RHD have not recovered.

Résumé. — La distribution actuelle et les taux de propagation de la maladie hémorragique
virale (RHD) ont été étudiés en Espagne par des entrevues directes et un examen sur le terrain,
apres l'arrivée de la RHD en 1988. La maladie est maintenant présente partout en Espagne. La
facon dont la RHD s'est répandue en Espagne, avec un faible taux d'expansion entre localités (2-
15 km par mois) et une longue distance entre épidémies simultanées, semble indiquer un mode
de transmission lié & l'activité humaine. La maladie apparait annuellement, principalement au
printemps (52,5 %) et en hiver (33,8 %). La plupart des personnes interrogées (63 %) ont indiqué
que la premiére épidémie de la maladie a causé une plus forte mortalité que les épidémies sui-
vantes. Afin de vérifier cela, nous avons estimé le taux de mortalité di a la RHD dans une loca-
lité, six ans aprés la premiére épidémie. Le taux de mortalité était d'environ 30 % et inférieur &
celui estimé lors de la premicre épidémie de RHD (55-75 %). Peu de populations de lapins
(7,5 %) sont retournées aux niveaux antérieurs a l'arrivée de la maladie. Le rétablissement a été
le: plus important 1a on la densité avant la maladie était la plus forte. La plupart des populations
avec une faible abondance de lapins avant la RHD se sont rétablies complétement.

INTRODUCTION

Rabbit hemorrhagic disease (RHD) is an infectious disease caused by a virus. It
was first described in the People's Republic of China in 1984 (Liu et al. 1984), and
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was detected in 1988 in Europe where it was possibly introduced with imported
- domestic rabbits. Currently the disease is present in Europe, from the Federal Czech
and Slovak Federal Republics to the south of Spain, including the Balearic Islands
(Argiicllo et al. 1988, Beltrdn 1991, Rodak et al. 1991, Villafuerte and Moreno 1991).
Recently, RHD has been reported in the British Isles (Fuller ef al. 1993) and during the
ellaboration of this paper it has been detected in Australia, where it is causing larges
mortalities within wild rabbit populations.

Shortly after the first RHD outbreaks were described, various types of vaccines
were made from inactivated virus. These provided a high degree of immunity and were
very effective in controlling outbreaks that occurred in domestic rabbits breeding facili-
ties (Pages Mante 1990, Rodak et al. 1991).

Because RHD was first described, many efforts have been made to understand it,
with research aimed mainly at characterization of the causal agent as well as clinical
and pathological aspects of the disease (Pu ef al. 1985, Capucci et al. 1991, Du 1991,
Ohlinger and Thiel 1991). However, with the exception of Villafuerte er al. (1994),
there have been no published studies of the disease or its incidence and evolution in
natural wild rabbit populations. This lack of information is especially critical if we
consider that in Spain the wild rabbit (Oryctolagus cuniculus) is the staple prey of a
wide variety of predators (Delibes and Hiraldo 1981), including some carnivores that
are severely endangered (e.g. the Iberian lynx, Lynx pardinus). In addition, rabbits are
the most important small game species in Spain.

Our study had two objectives : a) to describe the mortality caused by RHD in a
wild population, during an outbreak in the northeast of Spain six years after its first
appearance ; and b) in a wider context, to describe its distribution and occurrence
among wild rabbit populations in Spain and trends in its epidemiology since it first
appeared.

STUDY AREA AND METHODS

Radiotracking

From November 1992, we monitored mortality patterns of rabbits in a locality
near Zaragoza (NE Spain) with telemetry. Adult and young rabbits were captured by
ferreting. Rabbits were radiomarked with tags that had an activity posture sensor (BIO-
TRACK, Wareham, UK). During Jannuary 1994, 20 radiotagged adult rabbits (12
females and 8 males) were located once every three days. Rabbits found dead were
autopsied and the cause of deaths was determined. When possible, a direct hemaggluti-
nation test (HA) was used to detect antigens in liver tissues. The tests, carried out in
micromethod, were performed by Laboratorios HIPRA (Gerona, Spain).

Mortality rates were estimated for the time interval between the first and last
radiotagged rabbit found dead from RHD (Heisey and Fuller 1985).

Surveys and interviews

The entire Iberian Peninsula was sampled using: 1:100.000 maps (Cartografia
Militar), with > 300 localities selected for surveying, and the following desing : 1) a
4 km field transect to collect data on relative density of rabbits, and a number of ecolo-
gical and land use variables (results not presented here) ; and, 2) one interview with
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either a local hunter or naturalist to determine the relative density of rabbits before
RHD, the effects of the first outbreak and subsequent population trends.

All the field surveys were completed in a short period (to avoid possible seasonal
variations), with 17 collaborators. They were selected according to their previous expe-
rience in field work with rabbits, and their knowledge of the survey area. All inter-
views and field data were collected between June and July 1993, when rabbit densities
were presumably at their greatest (Villafuerte 1994).

The questionnaire were conformed by more than 30 questions. To avoid ambiguity
in the questionnaire, the possible answers were ordinal (yes/no) or interval ones (i.e.
actual abundance of rabbits : very low, few, some, or many). Among the most impor-
tant questions in this study, were those regarding the presence of RHD and its arrival
date to the area.

To determine the presence/absence of RHD through the interviews, massive mor-
talities of rabbits must have been detected, and the presence of blood in their noses or
mouths also clarified. If only carcasses (no matter the abundance) or a few rabbits were
detected dead, RHD was not regarded as present at the area.

A total of 311 interviewees were used in this study. The data obtained were analy-
sed using distribution-free statistics (Siegel 1956), and log-linear models for the test of
associations between variables (Fienberg 1970, Heisey 1985).

RESULTS

Mortality estimated by radiotracking

During the radiotracking study in Zaragoza, the first RHD victims were found on
12 December 1993, 7 km west of the study area. In the last week of December, more
dead rabbits were found by hunters, and the description of some of them suggested that
RHD was the cause of death. The dates of the first and last radiotagged rabbits found
dead due to RHD were 8 January and 5 February, respectively. During this period, six
radiotagged rabbits (four males and two females) were found dead. In three of these
cases it was possible to diagnose RHD as the cause of death, their HA liver tissue titres
being 2%, 2'* and 2* respectively. Two other rabbits were predated or scavenged by red
foxes (Vulpes vulpes). The remaining rabbit died in a burrow, it was not possible to
ascertain the cause of death. Since this predation pressure is too high when compared
from our previous experiences in studying wild rabbits in absence of RHD (monthly
rates of mortality usually lower to 2 %), to be conservatives and in order to hipothetize
a lower mortality due RHD along time, we assumed that all six of the 20 rabbits died
of RHD. :

The mortality rate during this period (29 days from the first to the last radiotagged
rabbit found dead from RHD) was 29.3 % (6.8 %-46.6 %, 95 % confidence limits).
This mortality rate was higher (Z =2.2; p =0.014) than the rate calculated in the 29
days prior to the RHD outbreak (4.9 %), and was also higher than that corresponding to
the period following the outbreak (Z = 2.9 ; p = 0.002), when no deads occured.

Surveys results

Most of the interviewees (79.4 % ; n =311) noticed the initial arrival of RHD.
Presently, there are only a few localities where it has not been reported. Moreover,
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after the survey, we received news that RHD had reached localities that reported nega-
tive in the survey.

The dates of the onset of the disease were very different throughout the country,
appearing simultaneously but patchily in areas far apart (Fig. 1). The cumulative pro-
portion of localities affected by the disease depending of the timing of first outbreak
were : 1988 : 5.2 %, 1989 : 19.9 %, 1990 : 50.1 %, 1991 : 72.4 %, 1992 : 77.6 % and
1993 : 78.5 %. This indicates a rapid spread since 1990.

After the first outbreak, 12.1 % of interviewees never detected the disease again,
62.8 % have detected it again but with lower mortality, and the rest (25.1 %) detected
further massive mortalities. The majority of interviewees (81.3 %) who detected new
deaths after the first outbreak, believe that the disease appeated once a year. It seems
that it mainly occurs in spring (52.5 %) or winter (33.8 %).

Population recovery and trends

Less than half of the interviewwes (41.4 %) said that rabbit numbers had not
‘increased at all after the first outbreak ; 29.5 % said that there had been a moderate
increase ; and 7.5 % that the population had returned to levels existing prior to the
onset of the disease.

RHD arrival dates

Bl 19ss
BEE 1980
B 190
1991

Fig. 1. — Distribution and dates of the first spread of the RHD, as reported by the interviewees.
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Fig. 2. — Tendencies in the responses by the interviewed to the present and past abundance of
rabbits. It is represented the estimated values of the log-linear parameters (lambda) for the
interaction among both variables. Sign of the parameters indicates a greater (positive) or
lower (negative) tendency of occurrence than random (***:p < 0.001; **:p < 0.01; *:
p < 0.05).
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Using a log-linear model we analyzed rabbit recovery in relation to densities prior
to the onset of the disease. We found a significant association between numbers prior
to RHD and recovery numbers (G* = 46.54 ; d.f. = 6; p < 0.0001). The results have
been summarized in the Figure 2. In the localities where rabbit numbers were low
before RHD, the most common answer was that rabbits have not recovered to former
numbers (Fig. 2, left). When densities were high, the interviewees answered more fre-
quently than random that rabbits had recovered moderately, and there were very few
who answered that rabbits had not recovered to former numbers when rabbits abun-
dance was high (Fig. 2, right). There are no clear tendencies in the answers given on
those localities with a moderate number of rabbit prior to RHD (Fig. 2, center).

DISCUSSION

The spread of the RHD

The natural rate of spread of RHD has been estimated to be around 2-15 km per
month (Peir6 and Seva 1991, Villafuerte et al. 1994), very similar to these obtained at
Zaragoza (7.8 km/month). This rate is too slow to explain the dates of appearance of
the disease, and the distance between outbreaks as the disease initialed spread through
Spain. Therefore, another method of propagation, possibly connected with humans,
may be involved. Villafuerte et al. (1994) showed that in the Dofiana National Park,
where there was considerable human activity, the disease colonized much earlier and
spread more rapidly than in other nearby areas with minimal human activity.

It should be pointed out that some of the interviewees recalled that in 1987, before
the official arrival date of the disease in, dead rabbits were found with blood in the
nose. Most of these localities are in areas where rabbits were captured for restocking.
Restocking is a common practice, with > 200.000 rabbits translocated each year. Many
localities are restocked at widely scattered points across. Once RHD had appeared
before in domestic rabbits, the spread to wild rabbits would have been rapid as some
rabbit dealers introduce domestic rabbits (mostly females) into their populations to
increase productivity while still keeping the « wild rabbit look ».

Keeping in mind that rabbits breed from early winter to the beginning of summer
(Beltran 1991, Delibes and Calderén 1979, Villafuerte 1994), the spread of RHD could
be connected with breeding behavior. Another possibility could be the greater persis-
tence of the virus in the environment during the winter and early spring. This would
increase the possibility of contagion between the individuals as well as the decrease in
food availability in winter or the beginning of spring that could make them more sus-
ceptible. Whatever the case, it seems that vectors do not play a decisive role in disease
transmission in the wild. For instance, RHD outbreaks do not occur in association with
high mosquito numbers in sites such as Dofiana.

Previous rabbit density and population recovery

The recovery of rabbit numbers was greater where rabbit density prior to RHD
was greater. Rabbit density is related to many factors such as food availability, wea-
ther, predation, hunting pressure, and soil quality. Therefore, after a catastrophe, these
conditions may predispose the rabbits to a slower or quicker recovery. Our results indi-
cate that RHD is not an insuperable disease because several localities returned to their
former densities.
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Current mortality due to RHD

In spite of the fact that our study at Zaragoza was carried out six years after the
onset of the disease in the area, the estimated time period between the first and last fin-
dings of dead radiotagged rabbits (29 days) is very similar to those reported for domes-
tics (42 days, Rossell et al. 1989) or for wild rabbit during the first outbreak (32 days,
Villafuerte et al. 1994).

Since RHD was reported in the study area, wild rabbit numbers have decreased
considerably and do not show clear sign of recovery. Although mortality ‘from RHD
during first outbreak was not estimated, the estimated mortality rate in this paper (pro-
bably over estimated), after six years and several known RHD outbreaks, suggests that
mortality due RHD may be decreasing when compared with those reported during the
first outbreak in other Spanish wild rabbit populations : 55 % at Dofiana (SW Spain,
Villafuerte et al. 1994) around 75 % at Navarra (N Spain, Ceballos, unpublished data)
and at Alicante (SE Spain, Peiré and Seva 1991). This finding is supported by the
interviewees since 63 % of them considered that the disease struck much harder during
the first outbreak.

There are three possible non-exclusive explanations of these lesser mortality : a) a
lower density of wild rabbits that makes transmission of the disease difficult ; b) a pos-
sible increasing of genetic or acquired resistance by rabbits to RHD, and c) a decrease
in the pathogenicity caused from RHD. In this way, RHD resembles myxomatosis in
the way that myxomatosis decreased also its effect on rabbit numbers (Trout et al.
1992), because a genetic resistance to the disease (Fenner and Ross 1994), and a lower
virulence of the virus strains (Fenner and Chapple 1965).

Future of rabbit populations

Rabbit numbers will determine the future of other species (Villafuerte et al in
press). After myxomatosis many hunters and game keepers considered predators to be
directly responsible for the lack of rabbits, and reinforced the traditional vermin
control. Nevertheless, when prey populations are at a very low level, predators can
delay recovery for a long time throughout the called predator pit (Newsome et al.
1989, Trout and Tittensor 1989).

As in the case of myxomatosis, RHD seems to have become an endemic disease
for rabbits in the wild. While myxomatosis appears every year in summer or autumn,
killing or affecting young rabbits, RHD appears every year and kills a high proportion
of adults, being the susceptibility to RHD influenced by age (Xu 1991, Villafuerte et
al. 1994). Myxomatosis is directly or indirectly (by facilitating the predation of infec-
ted animals) responsible for around 35 % of juvenile deaths (unpublished data). If RHD
affects adults in the same way, its impact on rabbits dynamic must be greater than
those produced by myxomatosis, considering the time of the year both diseases usually
occurs (see the assumptions of Smith and Trout 1994). Moreover, while RHD reduces
directly yearly rabbits' productivity by killing the reproductive animals just before or
during the breeding season, myxomatosis reduces the number of reproductive rabbits
that will be present during the next breeding season.

This study shows that populations with a higher density prior to the disease were
able to recover better than those with lower densities, which, at least over the last five
years, have not been able to recover at all.

Despite the small number of radiotagged animals used in this study, and the pro-
blems involved in obtaining informations from interviewees, present results about RHD
are of a great value because epidemiological data are very scarce up to now. Therefore,
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more complete studies, with a more acute methodology, must be carried out to unders-
tand the evolution of the disease and the response by rabbits (incidence, possible
immunity by rabbits, etc.).
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