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Abstract: Calodium hepaticum (Bancroft, 1893) Moravec, 
1982 (syn. Capillaria hepatica) is a cosmopolitan capillariid 
nematode, infecting mainly rodents and occasionally other 
mammals, including humans. Reports of C. hepaticum in canids 
are rare and the present one is, to the best of our knowledge, the 
first reported case in a red fox (Vulpes vulpes Linnaeus) in Italy. 
Scanning electron microscopy (SEM) examination of the eggs 
of C. hepaticum allowed a precise description of the egg mor-
phology, which is one of the most relevant specific character-
istics of capillariid nematodes. The egg shell showed a fibrous 
beam-like network which differs from that of the eggs of closely 
related trichinelloid species. This characteristic can be useful es-
pecially in case of spurious infection, when misdiagnosis among 
different trichinelloids species can occur.
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Calodium hepaticum (Bancroft, 1893) Moravec, 1982 (syn. 
Capillaria hepatica) is a zoonotic cosmopolite capillariid nema-
tode, which develops in many species of rodents, such as Apode-
mus Kaup, Arvicola Lacépède, Clethrionomys Tilesius, Ondatra 
Link, Rattus Fischer de Waldheim, and occasionally in a very 
broad range of other mammals (Moravec 2000, Fuehrer et al. 
2011). Adult worms live in the liver parenchyma, where they 
can cause hepatitis, liver fibrosis and eventually death. 

The life cycle is direct and unusual (Moravec 2001). Females 
lay eggs in the liver, where they remain immature for the en-
tire life of the host (Farhang-Azad 1977). Eggs reach the exter-
nal environment either through decay of the host’s carcass or 
through the shedding of eggs in the faeces of a predator which 
ingested an infected rodent (spurious infection). In the external 
environment eggs embryonate in 5–8 weeks and become infec-
tive for a new host. Humans can get infected through acciden-
tal ingestion of infective eggs with contaminated food or water 
or in case of “pica” (the habit of eating non-food substances, 
mainly associated with early childhood or sometimes with psy-
chiatric diseases). For this reason, most human cases occur in 
children and especially in the case of poor hygienic conditions 
(Fuehrer et al. 2011).

Reports of C. hepaticum in canids are sporadic and this capil-
lariid species has been found in wild canids in Brazil (Ruas et 

al. 2003), in a coyote in Canada (Wobeser and Rock 1973), in 
dogs in Great Britain (Lloyd et al. 2002), Switzerland (Brander 
et al. 1990) and in the USA (Stokes 1973). Furthermore, it was 
previously reported in domestic dog by López-Neyra (1947) 
and Skryabin et al. (1957). As far as we know, the only reported 
cases of liver infection of the red fox, Vulpes vulpes (Linnaeus), 
have been described in Slovakia in the 1960s (see Moravec 
2000). In Italy, C. hepaticum was detected in one dog from the 
urban area of Milan, where positive cases were also found in 
Rattus norvegicus Berkenhout (Ceruti et al. 2001). 

The aim of this work is to report what, as far as we know, is 
the first case of hepatic capillariosis in a red fox (Vulpes vulpes) 
in Italy and to describe the egg shell structure of C. hepaticum 
using scanning electron microscopy. 

From February 2010 to February 2012, in the framework of 
a larger on-going survey on endoparasites of canids, 75 livers of 
red foxes from northwestern Italy (Imperia and Cuneo districts) 
were examined. Sex, age, weight and geographical origin of 
each animal were registered. The liver was first examined gross-
ly to detect lesions. Gall bladders and bile ducts were examined 
separately. The gall bladders were then transferred into a Petri 
plate, opened and observed under a stereomicroscope for the de-
tection of adult parasites. The mucosa was washed in 50 ml of 
normal saline solution; the sediment obtained after 30 minutes 
in a conical beaker was centrifuged (2 500 rpm × 10 min) and ob-
served under a dissecting microscope (magnification 40×). Liver 
lobules were sliced and smears were prepared. Thereafter, the 
entire liver was dissected along the bile ducts under a stereomi-
croscope, the liver was washed in a conical beaker and the wash-
ing liquid was submitted to the same sedimentation procedure 
as described above. Morphological and morphometric analyses 
of eggs were performed with light and scanning electron mi-
croscopy (SEM). For SEM, eggs were isolated by flotation in 
a zinc sulphate solution (S.G. 1.350) and sieved, following the 
technique described in Al-Sabi et al. (2010), then mounted on 
aluminium stubs, air dried, gold coated with the sputtering tech-
nique, observed and photographed.

Among the examined 75 fox livers, one was infected with 
C.  hepaticum. The positive fox was found in Borgo San Dal-
mazzo, Cuneo district. A morphological and morphometric 
analysis was carried out using light microscopy to identify eggs. 
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The eggs measured 54–65 × 22–33 µm and showed the typical 
barrel-shaped morphology with a double shell (outer and inner) 
and polar plugs, which did not protrude beyond the outer shell 
(Fig. 1A). SEM observation has revealed irregularly distributed 
small pits on the egg shell surface, which give the eggs a porous 
appearance (Fig. 1 B–D). 

SEM also allowed a better observation of the external struc-
ture of the shell, which is the most relevant specific characteris-
tic of eggs of capillariid nematodes (Zarnowsky and Patyk 1960, 
Conboy 2009). The appearance of the egg shell observed in the 
present study corresponds to the one described by Grigonis and 
Solomon (1976), who studied the eggs of C. hepaticum, and 
also observed the beam-like network of the outer region of the 
fibrous component. The egg shell of C. hepaticum differs from 
the egg shell of closely related trichinelloid species that have 
been studied, such as Eucoleus aerophilus (Creplin, 1839) (syn. 
Capillaria aerophila), Eucoleus boehmi (Supperer, 1953) (syn. 
Capillaria boehmi), Paracapillaria philippinensis (Chitwood, 
Velasquez et Salazar, 1968) and Trichuris vulpis (Froehlich, 
1789) – Sukontason et al. (2006), Traversa et al. (2011), Magi 
et al. (2012). The eggs of E. aerophilus, E. boehmi and P. phil-
ippinensis show a net-like surface like C. hepaticum, but net 
patterns are markedly different and the surface of the egg shell 
of T. vulpis is completely smooth. Additional differences can be 
seen in the size and morphology of the plugs. 

Another related group of nematodes, the species of which 
possess similar barrel-shaped eggs, is Trichosomoididae. 
The egg surface of Huffmanela huffmani Moravec, 1987 of this 
family has been examined using SEM and the shell was shown 
to bear characteristic spikes, which are not present in capillariids 
(Žďárská et al. 2001). In addition, the eggs of a newly described 
species of Huffmanella, H. oleumimica Ruiz, Ray, Cook, Grace 
et Bullard, 2013, are covered with unevenly dispersed, minute, 
stub-like spines on the egg shell (Ruiz et al. 2013).

All capillariid eggs are characterized by a similar barrel 
shape with polar plugs and thus eggs of different capillariid spe-
cies and T. vulpis can be misdiagnosed. Since specific diagnos-
tics of all capilariid species using molecular markers is yet to be 
developed (Di Cesare et al. 2012, Guardone et al. 2012), SEM 
can help in species identification.

This study extends the host range of C. hepaticum because 
the red fox is reported as a new potential host of the parasite. 
In Italy, this nematode was found in rodents in Sicily (Milazzo 
et al. 2010) and in Lombardy (Ceruti et al. 2001); its presence in 
other wild and domestic animals cannot be excluded. The car-
cass of an infected fox may be a source of infection for animals 
with scavenging behaviour and may thus contribute to environ-
mental contamination with C. hepaticum eggs. The   popula-
tion increase of foxes in urban and suburban areas may rep-
resent, through carcasses decomposition or spurious infections, 
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Fig. 1. Light and scanning electron microscopy of eggs of Calodium hepaticum from a red fox (Vulpes vulpes). A – egg of C. he-
paticum detected using light microscopy of the liver; B – egg of C. hepaticum observed with scanning electron microscopy (SEM); 
C – detail of the polar plug with SEM; D – detail of the egg surface observed using SEM. 
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a  ource of infection for urban rodents and other animals, and 
occasionally for man. 

More than 160 human infections caused by C. hepaticum 
have been reported worldwide, the majority of which in children 
under 5 years of age (Fuehrer et al. 2011); human cases have 

also been reported in Italy (Cislaghi and Radice 1970, Pampigli-
one and Conconi 1970). The present finding of C. hepaticum 
in a fox in northwestern Italy suggests the need for studies on 
rodent populations in this area, which are presently lacking, to 
assess the real risk of human infection with C. hepaticum.
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