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Abstract A study of the epidemiology of myxomatosis and
the protozoan liver parasite, Eimeria stiedae, in a population
of wild rabbits in Scotland from 1977 to 2010 is reported.
Rabbits were collected on a monthly basis resulting in a total
of 5,337 animals examined for the infections. The investiga-
tion showed that within any 1 year over the 34 years of the
investigation the percentage of rabbits with myxomatosis
varied between 0 and 24 %, while for E. stiedae infections
fluctuated between 3 and 42 %. There were strong seasonal
trends in the prevalence of myxomatosis with over 16 % being
infected in September and October, and for E. stiedae, peaks
of over 40 % of livers infected were recorded in July. From
2007 to 2010, faeces were also examined for coccidia oocysts
and parasitic nematode eggs. Rabbits infected with the myx-
oma virus had mean oocyst counts of 73,665 per gram faeces,
while rabbits not infected with the myxoma virus had counts
0f 31,952 oocysts per gram. Comparable figures for nematode
faecal egg counts were 911 per gram in myxomatosis-infected
animals and 427 per gram in uninfected animals. The elevated
nematode faecal egg counts in rabbits with myxomatosis re-
flects increased worm burdens already reported, but the ele-
vated counts of coccidial oocysts have not previously been
reported. This would suggest that myxomatosis could com-
promise rabbit immunity to nematodes and coccidia.

Communicated by C. Gortazar

B. Boag (X))

The James Hutton Institute, Invergowrie,
Dundee DD2 5DA, Scotland, UK
e-mail: Brian.Boag@hutton.ac.uk

A. D. Hernandez - I. M. Cattadori

Center for Infectious Disease Dynamics, Millennium Science
Complex, The Pennsylvania State University, University Park
16802 PA, USA

Published online: 24 February 2013

Keywords European rabbit - Coccidiosis - Parasitic
nematodes - Scotland - Myxomatosis - Co-infections

Introduction

Myxomatosis is a seasonal viral disease of the European rabbit
(Oryctolagus cuniculus) in most parts of the world where
there is an insect vector and can cause high mortality in
infected animals (Ross and Tittensor 1986). In Great Britain,
an estimated 99 % of infected rabbits died when myxoma
virus was first introduced in 1953 (Thompson and Warden
1956), but by 1962, attenuated strains of the virus were
detected in 64 % of sick rabbits examined (Fenner and
Chapple 1965). From 1960, rabbit survival increased
(Thompson 1994) until 1997 when a significant steep decline
in numbers was observed, possibly linked to the spread of
rabbit haemorrhagic disease in wild rabbits (Aebischer et al.
2011). Mykytowycz (1959) reported that myxomatosis was
associated with increased populations of the stomach worm
Graphidium strigosum, and Boag (1988) showed that
myxomatosis-infected wild rabbits had significantly greater
populations of the small intestine nematode 7richostrongylus
retortaeformis, large intestine nematode Passalurus ambiguus
and the small intestine cestode Mosgovoyia pectinata. Further
observations by Cattadori et al. (2007) suggested that the
myxoma virus interfered with the immune response, which
the rabbit naturally develops to the nematode 7. retortaeformis
and was responsible for the elevated worm burdens. Jeklova et
al. (2008) characterised the immuno-suppression in rab-
bits due to the myxoma virus. Immunity to macro-
parasites, e.g. nematodes, is normally considered to
elicit a Th2 response, while immunity to micro-disease
organisms, e.g. viruses, usually elicits a Thl response
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(Graham et al. 2003). However, Cattadori et al. (2007)
suggested that in the myxomatosis/nematode co-
infection model the Th1-Th2 dichotomy was not com-
plete and rabbits can balance the virus nematode co-
infection although increased 7. retortaeformis numbers
were observed in myxomatosis-infected rabbits.
Protozoan diseases belonging to the genus Eimera can be
pathogenic in the European rabbit especially in farmed ani-
mals (Chapman 1929; Taylor et al. 2007). The majority of the
Eimeria species are found in the small and large intestine with
the exception being Eimeria stiedae, which occurs in the bile
ducts and causes symptoms in the liver that are readily
recognisable. The impact of E. stiedae in laboratory experi-
ments has shown it to be pathogenic (Barriga and Arnoni
1979). In Australia, Mykytowycz (1962) found coccidiosis
was the cause of death in 10-18 % of rabbits in two consec-
utive years, while Hobbs et al. (1999) suggested parasitism
and coccidiosis did not appear to be an important mortality
affecting wild rabbits. In New Zealand, Henning et al. (2008)
diagnosed coccidiosis as the cause of death in only 1 % over a
3-year period, while Bull (1958) came to the conclusion that
E. stiedae was well suited to control numbers of wild rabbits.
In Scotland, over a 23-year period, Lello et al. (2005) indicat-
ed that rabbits showing symptoms of E. stiedae disease in their
liver were 5.6 % lighter than individuals without symptoms.
Epidemiological studies into the incidence of coccidiosis in
Australia, New Zealand and Britain suggest that the infection
occurs more commonly in young animals which may not have
developed immunity to the infections (Mykytowycz 1962;
Bull 1958; Cowan 1983; Oppelt et al. 2010). It had been
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considered that protozoan parasites, much like viruses, stim-
ulate a Thl host immune response, but Yun et al. (2000)
showed that coccidiosis produced a combination of Thl and
Th2 responses although the former response was stronger. A
recent paper by Berto-Moran et al. (2013) has also investigat-
ed the potential interactions and immunity between nematode
and protozoan parasites with myxomatosis and rabbit
haemorrhagic disease (RHD). Their study found that the size
of coccidian and nematode populations helped explain the
seasonal antibody prevalence to the myxoma virus but not
RHD.

This paper reports the seasonal incidence of myxomatosis
and E. stiedae and their epidemiology in wild rabbits using
data from a long-term study, which also includes data from
faecal analysis on the coccidian and nematode infection
from 2007 to 2010. This study reports the impact of myxo-
matosis on protozoan parasites and the faecal output of
parasitic nematode eggs in an age-structured wild rabbit
population monitored long term.

Materials and methods

Details on where and how 5,337 rabbit samples were col-
lected from Eastern Scotland from January 1977 until
December 2010 are reported in Boag et al. (2001). Briefly,
in the laboratory, rabbits were weighed, sexed and for the
majority of animals, the incidence and severity of symptoms
of the E. stiedae infection in the liver (the severity of
symptoms being classified into the five categories: no
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Fig. 2 Seasonal changes in the 50 —
percentage of rabbits infected
with myxomatosis (open bars)
and E. stiedae in the liver (black
bars)
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symptoms, light infection, moderate infection, heavy infec-
tion and very heavy infection), and incidence on myxoma-
tosis was recorded. Myxomatosis was recorded when
symptoms of the disease, i.e. swellings or discharges, were
seen around the eyes, nose, base of ears and genitalia (Boag
et al. 2001). The post-mortem procedure used to collect and
identify the nematodes from the intestine followed that
described by Boag (1985). From January 2007 to
December 2010, 1,093 faecal samples were collected from
the rectum of animals, and nematode egg and coccidia
oocyst counts were made using McMaster slides (Gordon
and Whitlock 1939), and this allowed us to indirectly quan-
tify the size of infection in the rabbits due to nematodes and
protozoa.

Statistical analysis of the changes in the myxomatosis and
coccidiosis data throughout the years and seasons were
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undertaken using chi-squared tests. To analyse the impact of
myxomatosis on the nematodes, G. strigosum, T.
retortaeformis and P. ambiguus eggs shed a log (x+1) trans-
formation failed to normalise the egg count data so a Wilcoxon
rank sum test was used. Data from February to June were
excluded when analyzing the impact of myxomatosis because
the incidence of the disease was extremely low during these
months (less than 5 %), and any association between the
myxomatosis and either nematode or coccidia was likely to
be minimal.

Results

The data from the long-term study of 5,337 rabbits collected
between January 1977 and December 2010 showed that the

Table 1 Effect of age on the
percentage of rabbits with dif-

Severity of infection

ferent severities of Eimeria

stiedae infection in the liver Rabbit weight (g) Number Uninfected Light Moderate Heavy Very heavy

0-250 58 100 0 0 0 0

251-500 681 90.3 6.9 1.2 0.7 0.9
501-750 600 43.5 42 4.8 33 6.3
751-1,000 595 40.5 45.7 5.6 3.5 4.7
1,001-1,250 668 65.3 30.8 1.5 1.2 1.2
1,251-1,500 1033 81.2 17.9 0.6 0.2 0.2
1,501-1,750 1244 83.5 15.9 0.4 0.8 0.1
1,751+ 458 88 11.8 0.2 0 0
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Table 2 Distribution of symptoms of E. stiedae in livers of rabbits
with and without myxomatosis

—Myxomatosis +Myxomatosis

Severity of E. Number Percentage Number Percentage
stiedae infection

Uninfected 1,724 70.7 254 68.2

Light infection 632 25 107 28.8
Medium infection 32 1.7 8 2.2

Heavy infection 14 1.2 2 0.5

Very heavy infection 35 1.4 1 0.3

Total 2,437 372

prevalence of myxomatosis varied from 0 to 24 %, and that
in four of the years, it was not detected at all (Fig. 1). Over
the 33-year span, there was a strong seasonal trend in the
numbers of rabbits infected with myxomatosis, the preva-
lence being over 16 % in September and October and less
than 2 % in March, April and May (Fig. 2).

Infection with E. stiedae varied significantly across months
and were most prevalent in summer during June, July and
August when over 30 % of the rabbits were infected (x*=
291, df=11, p <0.0001, Fig. 2). The reason for this is explained
by the fact that, overall, a significantly greater number of young
animals were infected with E. stiedae (x*=883, df=7, p <
0.0001). Indeed, young rabbits, many of which were not
weaned and weighed below 250 g, showed no signs of infec-
tion, but over 9 % of those between 251 and 500 g were
infected (Table 1). The level of infection increased significantly
to nearly 60 % of rabbits weighing 751-1,000 g, but then, the
prevalence declined to 12 % for rabbits over 1,750 g (Table 1).

The results from a subset of the 1977-2010 data (2,809
rabbits, which excluded February, March, April, May and
June when myxomatosis was rarely seen) indicated that the
prevalence and severity of E. stiedae in either myxomatosis-
infected and uninfected rabbits was relatively similar (=

7.05, df=4, p =0.13, Table 2). However, analysis based on
faecal coccidial oocysts from rabbits collected between
January 2007 and 2010 (again excluding the months of
February, March, April, May and June) showed that rabbits
infected with myxomatosis had mean oocyst counts of
73,665 per gram compared with 31,952 per gram in
uninfected animals (Table 3). This pattern was also reflected
in the faecal nematode egg count where comparable differ-
ences were seen, i.e. 911 epg in myxomatosis-infected ani-
mals compared with 427 epg in uninfected animals. An
examination of the post-mortem findings of all the rabbits
collected from January 2007 to December 2010, the time
when faecal samples were collected, showed that only the 7.
retortaeformis counts were statistically significantly higher
(Wilcoxon rank sum test with continuity correction W=
34,778, p value <0.001) in the myxomatosis-infected ani-
mals and that G. strigosum and P. ambiguus counts were
significantly lower (W=17046, p value=0.001 and W=
19646, p value=0.039 respectively) (Table 3).

Discussion

The seasonal epidemiological pattern of myxomatosis
reported here shows that it continues to persist, albeit at a
low level, even after 57 years of its introduction into the wild
rabbit population in the British Isles. However, this pattern is
at variance with that reported in Ross and Tittensor (1986)
who found a small increase in the incidence of myxomatosis
in the spring. The reason for this is unclear but may be due to
their data being collected closer to the date of introduction of
the disease to rabbits in the British Iles or the fact the data they
used was mainly from Southern England.

The epidemiological pattern of E. stiedae symptoms in the
wild rabbit in Scotland confirm that infections are mainly
associated with young rabbits and therefore more prevalent
in the summer, which is similar to what is found for

Table 3 Faecal oocyst and

nematode egg counts and G. ~Myxomatosis +tMyxomatosis
strigosum, T. retortaeformis and .
P. ambiguus population in rab- Faecal examination
bits infected and uninfected with
myxomatosis Number Mean oocyst per gram+SEM Number Mean oocyst per gram+SEM
Coccidia 453 31,952+4,667 88 73,665+13,316
Mean epg+SEM Mean epg+SEM
Nematode 494 427+34 88 911+121

Post-mortem examination

Mean nematode count=SEM

Mean nematode count+SEM

G. strigosum 42+49 1533
T. retortaeformis 941+£50 2,819+254
P. ambiguus 464+124.7 79+43.2
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coccidiosis in New Zealand (Bull 1958), Australia (Stodart
1968), France (Voza et al. 2003; Gres et al. 2003) and Britain
(Cowan 1983). Previous analysis of some of these data by
Lello et al. (2005) suggested E. stiedae was associated with a
loss in weight of 5.6 % but made no estimate of mortality due
to this infection. However, if rabbits with E. stiedae symptoms
in their livers that were classified as being heavy or very heavy
were considered likely to die then mortality of rabbits in this
study would be 8-9 % in rabbits weighing 501-1,000 g. Bull
(1958) considered E. stiedae “well adapted as a density-
dependent factor in the natural control of rabbit populations”
but that the intensity of infection could vary from year to year
and by differences in pasture management.

No relationship was found between the prevalence and
severity of liver symptoms of E. stiedae infections in rabbits
that were infected or not infected with myxomatosis.
However, myxomatosis-infected rabbits had faecal oocyst
count more than twice those of rabbits with no symptoms of
myxomatosis. The reason for this anomaly will require further
investigation but could be explained by either the presence of
myxomatosis increased the number of E. stiedae oocysts in
infected animals or the fact that the oocysts counted in the
faeces may have been from the many other species of coccid-
iosis which inhabit the rabbit’s intestine. The immunity to
intestinal coccidiosis was highlighted by Yun et al. (2000),
and the immunity to rabbit intestinal Eimeria species is known
to exist (Pakandl et al. 2008) and may have been compromised
by the myxoma virus which is also know to have an effect on
T. retortaeformis (Boag 1988; Cattadori et al. 2007, 2008).
The apparent increase in G. strigosum and P. ambiguus in-
fections in myxomatosis-free rabbits may be due to an inter-
play of the immune response against these two nematode
parasites with 7. refortaeformis highlighted by Lello et al.
(2004). Cuquerella and Alunda (2009) characterised the
immuno-biological response to G. strigosum in experimental-
ly infected rabbits, while Murphy et al. (2011) undertook
single laboratory experiments with both G. strigosum and T.
retortaeformis and confirmed the field observations stating
“that immunity plays a key role in affecting the abundance
of these nematodes and different immune mechanisms are
involved in regulating the dynamics of each infection.”
Berto-Moran et al. (2013) found that, contrary to their expec-
tations, there was an inverse relationship between prevalence
of antibodies to the myxoma virus and the coccidian load. Our
results would support their original hypothesis, which predict-
ed that there would be a positive relationship between myxo-
matosis and coccidian oocyst counts. The precise reason for
the disparity between their and our results is unclear, but one
possibility may be that our data were obtained from wild free
ranging rabbits of all ages in Scotland, while their results were
obtained from adult rabbits constrained to 4-ha plots in a
restocking experiment in Spain. Indeed, ecological and envi-
ronmental factors, which differ between the Mediterranean

and temperate regions of their and our study, cannot be
discounted and should be considered in future studies
(Berto-Moran et al. 2013). A recent review by Demas et al.
(2011) has also highlighted the role of the immune
system plays in the regulation of disease susceptibility
and given rise to the field of eco-immunology. The data
presented here highlight the potential differential impact
a virus may have on both protozoan and helminth
parasites and the complexity which may exist in trying
to explain epidemiological patterns in diseases which
occur in nature and the need for further laboratory
investigations to unravel the mechanisms involved.
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