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Kapel, Chr. M., Sv. Aa. Henriksen, H. H. Dietz, P. Henriksen, P. Nansen: A study on the 
predilection sites of Trichinella spiralis muscle larvae in experimentally infected foxes 
(Alopex lagopus, Vulpes vulpes). Acta vet. scand.1994, 35, 125-132. - Studies were ear
ned out on the predilection sites of Tnchmella spiralzs muscle larvae m expenmentally 
mfected arctic foxes (Alopex lagopus) and silver foxes (Vulpes vulpes) reared m cages. 
The highest number of larvae per gramme tissue was found m the muscles of the legs, 
eyes, diaphragm, and tongue. The 2 fox species showed no s1gmf1cant differences with 
regard to predilection sites. 

nematodes; distribution; diagnosis, camivarous host. 

Introduction 
Predilection sites of muscle larvae of Trichi
nella spiralis depend upon the host species 
(Borchert 1962). However, only few reports 
exist on the predilection sites of T. spiralis lar
vae in carnivores (Hermansson 1943, Fass
bender & Meyer 1974, Larsen & Kjos-Hansen 
1983). 
For the post-mortem diagnosis of T. spiralis in
fections, it is of importance, in particular in 
field situations, to know the predilection sites 
of the parasite, as this will make the diagnosis 
more sensitive. 
The present paper describes results obtained 
by experimental infections of 12 foxes. 

Materials and methods 
Eight male, arctic foxes (Alopex lagopus), 8 
months old, and 4 male, silver foxes (Vulpes 
vulpes), 12 months old, raised in cages and fed 
dry pellets and water ad lib., were inoculated 

with larvae of T. spiralis by stomach tubes. 
The larvae originated from guinea pigs inocu
lated 3 months earlier. The strain of T. spiralis 
used in this study has been maintained in 
guinea pigs for more than 15 years, and has 
been identified as T1 (T. spiralis, sensu stricto) 
at the Trichinella Reference Center in Rome, 
Italy. Four arctic foxes and 2 silver foxes were 
inoculated with 500 larvae each, while the re
maining 6 animals were inoculated with 5,000 
larvae each. 
Six weeks after the inoculation, the foxes were 
sacrificed, and 5-15 g tissue samples from 18 
selected muscles/muscle groups were exam
ined (Table 1). In larger muscles/muscle 
groups, tissue samples were taken from the 
part of the muscle closest to the tendon. In 
smaller muscles/muscle groups, all muscular 
tissue was included in the samples. The indi
vidual samples freed from tendons and fasciae 
were minced by means of a pair of scissors, 

Acta vet scand vol 35 no 2 - 1994 



126 Chr. M. Kapel et al. 

and subsequently examined using a combined 
digestion and Baermann technique (Henrik
sen 1973). 
To measure the distribution of larvae in ani
mals with different levels of infection, a rela
tive value of larval burden was calculated for 
each animal, using the muscle with the highest 
number of larvae per g tissue (l/g) in that par
ticular animal as a reference, equal to 100%. 
For each muscle group, the relative values 
were summarized for all animals and a mean 
was calculated (Table 1 ). Analysis of variance 
was used for processing the data in SAS 
(Statistical Analysis System) (SAS Institute 
Inc 1985). 
During the experimental period all the ani
mals were observed for clinical symptoms. 

Results 
No clinical symptoms were observed follow
ing the inoculation with T. spiralis larvae. In 1 
silver fox inoculated with 500 larvae infection 
failed to establish. The digestion techmque 
yielded positive results for almost all the mus
cle groups examined (97%) of the remaining 
11 animals. The larval densities in the selected 
muscle groups are summarized in Table 1. The 
level of infection varied considerably in be
tween the foxes, as the average number of lar
vae per gramme tissue showed values from 2 
to 291. The number of muscle larvae did not 
exceed 660 per gramme in any of the samples 
examined. 
The distribution of larvae in the examined 
muscles/muscle groups is illustrated in Fig. 1, 
where relative values of larval burdens are 
compared. The highest relative larval den
sities were found in the following mus
cles/muscle groups: The muscles of the eye 
(m. rectus dorsalis/medialis/lateralis/ventralis 
+ m. obliquus dorsalis/ ventralis), the lower 
part of the frontleg (m. flexor carpi ulnarislm. 
extensor carpi radialis), the hindleg (m. gas-
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trocnemius), the tongue (m. lingualis pro
pnus), and the diaphragm (m. pars lum
balis/pars costalts). 
No significant differences between the 2 fox 
species V. vulpes and A. lagopus could be 
demonstrated with regard to the predilection 
sites (two-factor analysis of variance, p>0.05). 
Even though the high inoculation dose (5,000 
larvae) gave a higher average number of lar
vae/g, this tendency is not significant (two-fac
tor analysis of variance, p>0.05). 

Discussion and conclusion 
When comparing the muscle larval distribu
tion of T. spiralis in different host species, the 
number of larvae per g muscle tissue seems to 
be related to the potential for motoric activity 
patterns and blood flow of the particular mus
cle in that particular host. These predilection 
differences between host species seem appar
ent from the available literature. The present 
investigation lends support to this distribution 
characteristics. 
Most experimental work on predilection sites 
of T. spiralis has been performed on rodent 
host species. In a study on laboratory rats, the 
diaphragm, the tongue, the jaw muscles, and 
the lower part of the legs were found to be the 
most heavily infected muscles (Hoefelschwei
ger 1989). In laboratory mice, Stewart & Char
mga (1980) found the m. masseter, the m. bi
ceps, and the diaphragm most heavily infected 
whereas the tongue and the abdominal mus
cles had lower larval densities. A comparable 
pattern has been observed among other ro
dent species, e.g. also in experimentally in
fected rabbits, the muscle groups of the ear, 
jaw, eye, tongue, and diaphragm were most 
heavily infected (Henriksen 1980). In experi
mentally infected sheep, the m. masseter was 
the heaviest infected muscle followed by the 
muscles of the tongue and the diaphragm, 
while the lowest infection levels were found in 
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LARVAL DENSITIES 

Trichinella spiralls larvae in muscles of foxes 
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Figure 1. Relative values of the number of Trichmella sp1ralis muscle larvae m selected muscles/muscle 
groups from 8 arctic foxes and 3 silver foxes. 

the m. psoas minor, m. rectus abdomims, and 
the intercostal musculature (Smith & Snow
don 1989). Similarly, in another study on ex
perimentally infected sheep (Alkarmi et al. 
1990), high levels of infection were demon
strated in the diaphragm and tongue, while 
only low infection levels were found in the 
muscles of the limbs, but unfortunately mus
cles of the jaw were not examined. In experi
mentally infected cattle, predilection sites 
were found to be the m. masseter, the tongue, 
and the diaphragm (Smith et al. 1990). Thus 
the results from experiments on herbivorous 
host species may reflect some specialized use 
of the jaw muscles in the processing of plant 
material. 
In carnivorous host species the predilection 
sites seem to be somewhat different. In a 
study of polar bears, T. spiralis larvae were 

less frequently demonstrated in the m. mas
seter (18%) compared to the diaphragm 
(33% ), and none of the animals were infected 
in them. masseter only (Larsen & Kjos-Hans
sen 1983). Likewise, m. masseterwas found to 
be less infected than the diaphragm, tongue, 
and intercostal muscles in experimentally in
fected dogs (Martinez-Gomez et al. 1980). 
Fassbender & Meyer (1974) examined the dis
tribution of T. spiralzs muscle larvae in 3 spe
cies of naturally infected North Afncan wild 
carnivores: jackal (Canis aureus), mongoose 
(Herpestes ichneumon), and genet (Genetta 
genetta). The analyses revealed substantial in
fection of the muscles of the distal limb. This 
was suggested to be related to a high running 
pensum searching a big homerange for prey. 
A similar larval distribution was found by 
Hermansson (1943) in 2 red foxes caught wild 
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and 1 silver fox reared in a cage. It was found 
that the muscles of the front- and hindleg 
were heavily infected, while the diaphragm 
was only moderately infected and no larvae 
were observed in the muscles of the jaw. The 
larval distribution was found to be similar in 
all 3 foxes. Thus, contrary to the herbivorous 
host species the predilection sites of the car
nivorous host species seem to be the extrem
ities, which in turn could be interpreted as a 
muscular adaptation to intensive locomotive 
behaviour in search and catch of prey. 
In the omnivorous species the predilection 
patterns seem more diverse compared to the 
herbivorous and carnivorous species, respec
tively. The distribution of larvae in primates 
was investigated by Nelson & Mukund1 (1962) 
who found that m. biceps, m. masseter, m. tibi
alis anterior, and m. flexor carpi ulnaris had 
higher levels of infection than the diaphragm. 
Similarly, a study on Macaca 1rus monkeys re
vealed the highest levels of infection in the m. 
masseter and the tongue and lower infection 
in the diaphragm (Kociecka et al. 1980). In a 
study by Zimmermann (1970), expenmentally 
infected pigs revealed high levels of infections 
in the diaphragm and tongue, and low levels 
of infections in the muscles of the legs. Similar 
distribution was found in pigs where the 
tongue and diaphragm revealed a substan
tially higher density of larvae than the muscles 
of the legs (Kotula et al. 1984). 
Thus, in most host species, the high larval den
sity of the diaphragm, the tongue, and the eye 
may reflect a basic intensive use of these par
ticular muscles. 
In the present study, the highest infection lev
els were found in the muscles of the eyes, legs, 
tongue, and diaphragm. This larval distribu
tion in the present, cage-reared foxes is com
parable with that of other studies on wild car
nivorous, but different from experimentally 
infected herbivorous and omnivorous species. 
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Considering the muscles of the legs, the high 
larval densities, as found in other carnivorous 
species, seem to depend on the motoric poten
tial rather than on the actual motoric activity 
of the host, and therefore independent of the 
host having access to move freely or being 
reared in cages. A hypothesis supporting this 
was previously put forward by Henriksen 
(1980). Experiments performed on laboratory 
mice showed a negative correlation between 
muscular activity and larval invasion in the leg 
muscles (Kozar & Kozar 1960). Whether 
these findings reflect physiological stress, 
changed blood flow or other mechanisms re
mains to be clarified, and Hughes & Harley 
(1977) showed that first-stage migratory lar
vae are susceptible to low-voltage stimuli, and 
they concluded contrary: 'there is a possibility 
that the larval predilection for more active 
muscles can be explained by this increased 
negativity' (reversed action potential of the 
cell membrane). 
The present observations support the assump
tion that the relative density of T. spiralis lar
vae, in individual muscles of different ge
nus/species of hosts, will depend on the 
functional importance to which the muscles 
are predisposed in that particular genus/spe
cies of host, regardless of wheather the mus
cles are frequently used or not. Baghen et al. 
(1986) showed that T. spiralis in mice only in
vade "fast twitch" muscle fibers (fast oxida
tive glycolytic fibers and fast glycolytic fibers), 
while T. pseudospiralis invades both "fast 
twitch" and "slow twitch" muscle fibers (slow 
oxidative fibers). As even closely related host 
species have very different muscle fiber com
position in the same muscle groups, as in mice 
(Bagheri et al. 1986) and rat (Ariano at al 
1972), this may result in a different distribu
tion of T. spiralis muscle larvae in different 
host species. 
In conclusion, the present study has demon-



2 

Predilection sites of Trichinel/a spiralis 131 

strated, that the predilection sites of T. spiralis 
muscle larvae in experimentally infected 
foxes seem to be represented by the following 
muscles/muscle groups: Muscles of the eyes, 
the lower part of the front and hind legs, the 
diaphragm, and the tongue. Thus, from a 
practical as well as from a scientific point of 
view, it seems relevant primarily to include tis
sue samples from the legs, when carrying out 
prevalence studies on T. spiralis infections in 
foxes under field conditions. 
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Sammendrag 
Unders¢gelse af prredzlektwnssteder for Trzchznella 

spzralzs larver 1 eksperzmentelt znfzcerede rreve (Al
opex lagopus, Vulpes vulpes) 

U ndersj'Dgelser af prredilekt1onssteder for Trzchznella 
spiralis muskellarver er foretaget 1 ekspenmentelt 
inflcerede polarrreve (Alopex lagopus) og s!Dlvrreve 
(Vulpes vulpes) opvokset 1 fangenskab. Det st!Drste 
antal Jarver per gram vrev blev fundet 1 ekstremitets
og !DJenmuskulatur, samt 1 mellemgulv og tunge. De 
to rrevearter viste mgen s1gnif1kant forskel med hen
syn ttl prredilektionssteder. 
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