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Humans can become infected by a number of canine intestinal helminths, some of which
are considered potential public health problems worldwide. However, intestinal worms of
dogs currently receive less attention than their protozoan counterparts. This may partly be due
to the decline in endemicity reportedly occurring in developed countries where dogs are
likely to receive more attention and anthelmintic treatment from their owners. To illustrate
the importance of veterinary care, a longitudinal study in J apan revealed that progress in
prophylactic drug administration against dirofilariasis has also decreased the prevalence of
several intestinal nematodes in dogs (Asano and others 2004). The low levels of prevalence
among canine hosts translate into a reduction in potential zoonotic risk for humans in a given
area. However, endemicity has been found to vary markedly from one region to another and
is also influenced by aspects of the survey protocols, such as subject choice avnd the
diagnostic techniques that are employed (Robertson and others 2000).

This short communication is part of an ongoing study on the zoonotic helminths of J apan

and describes a coprological survey of dogs in Aomori, the northernmost prefecture on the
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Mainland, where no such information is currently available. We focussed our analyses on
hunting dogs as the way they are managed and their activities in fields makes them more
susceptible to acquiring a variety of zoonotic helminths either directly or indirectly from
wildlife. Two different diagnostic techniques were employed to make our results more
informative, namely a centrifugal-flotation technique (Ito 1980) with a sucrose solution with
a specific gravit-y of 1-27 and a formalin-ethyl acetate sedimentation technique (Young and
others 1979). With the exception of Trichuris and Taeniidae, all eggs were identified to genus
or genus and species on the basis éf morphological characters. The eggs of T vulpis are
morphologically similar to those of other Trichuris species (Bundy & Cooper 1989) and
parasitic eggs may be excreted after being acquired from other animals through coprophagy
(Traub and others 2002).‘ We therefore re-examined a total of 100 randomly selected trichurid
eggs from positive faecal specimens according to the dimensions described by Yoshikawa
and others (1989). Given that disting’uishing between taeniid tapeworm eggs is difficult based
on shape and size (Thompson 1995), we differentiated between Taenia and Echinococcus
using nested PCR (Dinkel and others 1998). Pearson’s x> test was used to assess differences
in the egg prevalence of each helminth between both groups. McNemar’s y test was used to
compare the diagnostic efficiency of the coprological techniqueé. All statistical analyses were
performed using a statistical package (S-PLUS 6.1J for Windows; Mathématical Systems,
Inc.). |

[TABLE 1 will appear here]

Faecal specimens were collected from 134 hunting dogs between December 2003 and
March 2005. Sampling of 86 companion dogs was also done. The results of both groups were
combined and summarised in Table 1. Trichuris vulpis was the most common helminth in
both groups, and the prevalence was significantly higher in hunting dogs (P < 0.001).

Although comparison of results is difficult because a prior study of Yagisawa (1978)
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determined prevalence by necropsy, the occurrence of T vulpis in dogs in Aomori appears to
have decreased and other intestinal worms exhibited an appreciable decline. The reason for
the remaining prevalence, particularly in hunting dogs, is uncertain, but it may be related to
being reservoir hosts. Trichuris vulpis is prevalent among wild canids in Aomori (Sato and
others 19993, b). The huntiﬁg dogs may have become infected with this parasite in fields that
were contaminated by the sylvatic hosts before then transmitting it to the local dog population.
In addition, the choice and/or usage of drugs is particularly important. Several anthelminthics
are currently used to prevent canine dirofilariasis. Of these, ivermectin (Cardomec; Merial) is
the most commonly used for this purpose in Japan. However, ivermectin has no effect on
intestinal trichuriasis at the usual chemoprophylactic dosage level (6 ug/kg bodyweight) and
a more than 16-fold increase in concentration is required (Anderson & Robertson 1982).
Ivermectin at this concentration showed an effect on other intestinal helminths such as ‘
Toxocara canis.

[TABLE 2 will appear here]

Regarding the relative sensitivities of each method (Table 2), the sedimentation technique
had a significantly higher positive rate of trichurid egg detection than the centrifugal flotation
technique (P = 0.016). Notably, the centrifugal flotation technique failed to detect instanc;es
of low egg density/abundance (<10 eggs per mount in the competitor). Because of the
relatively low fecundity of T vulpis (Miller 1941), the sedimentation technique therefore
appearsA to be preferable for examination. Despite its apparent zoonotic potential (Dunn et al.
2002), T vulpis has been somewhat neglected. Consequently, underestimation or
underscoring the potential of this parasite is likely to occur if inadequate diagnostic tests are

adopted.
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TABLE 1: Numbers and percentages, with 95 per cent confidence intervals (Cls), of intestinal
helminth egg positives among hunting dogs (n = 134) and companion dogs (n = 86) in Aomori
Prefecture, Japan :

Hunting dogs Companion dogs
Number (%) of 95 per cent Cl Number (%) of 95 per cent Cl
Helminth species positives of positives positives of positives
Toxocara canis 0 (0) 0-2:2 4 (47) 13115
Trichuris vulpis 52 (38-8) 31-0-47-3 14 (16-3) 10-0-25:5
Dipylidium caninum 0 (0) 0-2-2 2 (2-3) 0-3-8-2
Taenia sp. 1(0-8) 0-02-4-1 0 (0) 0-3-4

Metagonimus sp. 2 (1-5) 0-2-5-3 0 (0) 0-3-4
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TABLE 2: Comparison of the sensitivity of centrifugal
-flotation and formalin-ethyl acetate sedimentation
techniques for the detection of Trichuris vulpis eggs
in 220 canine faecal specimens

Sedimentation

Positive Negative  Total

Positive 55 1 56

Centrifugal- ,
flotation Negative 10 154 164
Total 65 155 220
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Abstract

The development of metacestodes and adult worms of Taenia seginata asiatica
in Mongolian gerbils (Meriones unguiculatus) were observed. Cysticerci were
recovered from gerbils subcutaneously injected with hatched oncospheres, The
recovery rate ranged from 0.1 to 3.2%. No cysticerci were recovered from the
orally inoculated gerbils. The infectivity of the cysticerci recovered at 48 weeks.
post-infection was evaluated. Tapeworms were recovered on day 14 post-
Ffection from the small intestine of 5 of 11 gerbils, with a recovery rate of 27% (6
worms recovered/22 worms inoculated). Three and four adult worms were
recovered from two human volunteers who ingested five cysticerci after 4
months post-infection. In worms recovered from gerbils, segmentation and
genital primordia in the posterior proglottids and hooklets in the vesidual
rostellum were observed. The results indicate that gerbils can serve as an
alternative intermediate host and that partial development of the adult worm
stage occurs in gerbils. ’

DOE: 10.1079/JOH2005333
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Introduction demmm
Human faeniasis caused by Taenia saginatn asiatica Recently, T. X asialica metacestodes have been reported

(Bowles & McManus, 1994; Fan ¢l al,, 1995) has been  to develop in SCID mice (to ! al,, 1997;Tt0 & Yto, 1999).

reported in Taiwan, China, Korea, Indonesia, Thailand, Compared to SCID mice, Mongolian erbils do not
Philippiries, Malaysia and Myanmar (Fan et al., 1990a, requi‘:c any special facility, and ﬂ&\ey hav% been used as
1992; Bowles & McManus, 1994; Simanjuntak ¢! al., 1997; animal model for many parasites. For human Taenia
Zhang el al., 1999; Fan, 2000; Eom & Rim, 2001; Ito et al., species, only T. X saginala metacestodes (Belgian isolate
2003). Adult worms of T. R astica develop only in the and African isolate) had been reported to develop in
human intestine but its metacestodes can develop in gerbils subcutaneously inoculated with hatched onco-
wide range of intermediate hosts, such as pigs, wild spheres (Geetts et al., 1981/1982; Wouters el al., 1988), and
boars, catlle, goats and monkeys (Fan el al., 19900). no study has been done with T. s asiatica. Thus, in the first

. asialica has been proposed to be a new part of this study, Mongolian getbils were orally

ghic (Eom el al., 2002; Hoet al.,
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serve as an alternative intermediate host.
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2003/ inoculated with eggs or subcutancously injected with
hatched oncospheres to examine whether the animal can

Mongolian gerbils have been reported to serve as
Fax: +81-11-706-5196 alternative definitive hosts for T. solium and T. y saginala
(African isolate) after oral inoculation with cysticerci
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derived from their natural intermediate hosts (Kamiya
et al, 1990; Maravilla et al., 1998). Moreover, golden
hamsters have been reported to serve as alternative
definitive hosts for T. solium after oral inoculation with
cysticerci -derived from SCID mice (Wang ef al., 1999).
However, gerbils have not been reported to be alternative
definitive hosts for human Taenia by inoculation with the
cysticerci derived from rodent alternative intermediate
hosts. Thus, in the present study, the development of
T. ¥ asintica-cysticerci in gerbils and the infectivity of

cysticerci and the partial development of the adult stage
in gerbils were examined. :

Materials and methods

Eggs of .T. % asiatica were collected from gravid
segments that were excreted in the faeces of Taiwanese
aborigine patients after  deworming with atabrine
(Quinacrine) (Fan ef al., 1990b).

Deuveloprient of melacestodes

Embryophores were removed by 20min incubation of
eggs in sodium hypochlorite solution, which was a 10
times dilution with physiological saline of stock solution
(containing at least 5% of active chlorite, Kanto, Tokyo,
Japan) (Lightowlers ¢t al., 1984). The released oncospheres
were washed 5 times with sterile physiological saline
containing antibiotics (penicillin G: 400IUsml™, strep-
tomycin: 1mgmi™). Fourteen female Mongolian gerbils,
7-13 weeks old, raised in our laboratory were used. Five
were orally inoculated with eggs, nine were subcu-
taneously inoculated with oncosphieres. Gerbils were fed
commercial pellet food (CLEA, Tokyo, Japan) and given
water ad libitum. Gerbils were then divided into three

groups, namely, G1, G2 and G3 (Table 1). Each animal of -

group G1 and G2 was subcutancously injected with
2.5 mg prednisolone acetate (Tong Yong Pharmaceutical,
Shanghai, China) once a week froRm 4 days before
inoculation to 38 days post-inoculation (DP1) (a total of
seven times). Each animal of group G3 was subcu-
taneously injected with 2.5 mg prednisolone acetate once
a week from 7 days before inoculation to 21 DPI (a total of
five times). Animals of group G1 and G2 were all killed at
9 weeks after inoculation, Animals of group G3 were

killed at 45 to 48 weeks after inoculation. For recovering -

the parasite, the inoculation sites, livers and peritoneal
cavities of the gerbils were examined at necropsy. For

with eggs of Tacnin sagisate nsintica.

morphological observations, cysticerci were relaxed in
physiological saline at 4°C overnight after evagination,
fixed in 70% alcohol and cleared in glycerin, The animal
experiments in this study complied with the Guidelines
for Animal Experiments of the Graduate School of
Veterinary Medicine in Hokkaido University according to
Japanese law. : :

Development of adult worms in gerbils and humans
Eleven male gerbils, 11-14 weeks old, raised in our

laboratory were used in this study: Each gerbil was orally

inoculated with two 48-week-old cysticerci recovered
from the group G3 gerbils, fed with commercial pellet
food (CLEA, Tokyo, Japan) and given water ad libitum.
Each gerbil was subcutaneously injected with 2.5 ~ 5mg
prednisolone acetate once a week from 5 days before
inoculation to 9 DP1 with the cysticerci (a total of three
times). All gerbils were killed under ethyl ether
anaesthesia at 14 DPI and adult worms were recovered
from their small intestine. The worms were relaxed in
distilled water, fixed in. 70% ethanol followed by
observation under light microscope after staining with
acid carmine. In' addition, two human volunteers
(volunteer A: female, 24 years old; volunteer B: male, 42
years old) ingested five of the 48-week-old cysticerci
individually. After ingesting the cysticerci, the human
volunteers checked their faeces daily for the presence of
proglottids.

Statistical analysis

The morphometrics of the 9 and 45-48-week-old
cysticerci were assessed using a non-parametric Mann-
Whitney’s U test. Statistical analyses were performed
using the Stat View 4.0 for Macintosh.

Results
Development of metacestodes

Metacestodes were recovered from the inoculation sites
of all nine gerbils (group G2 and G3) subcutaneously
inoculated with ‘oncospheres, but not from the liver or
peritoneal cavity. The recovery rate of cysticerci in gerbils
of group G2 ranged from 1.2 to 3.2%, while those in
gerbils of group G3 ranged from 0.1 to 0.8%. None were
found in five gerbils (group G1) orally inoculated with
intact eggs (fig. 1 and table 1).

Table 1. Recovery of melacestodes from gerbils subcutansously inoculated with oricosphierés and those orallyinoculated

Metacestode
Gerbils . Inoculation recovery
Inoculation Inoculation
Group.. Number Wecks post-infection route dose? Number Rate (%}
G1 5 9 QOral 12,000 0 0
G2 5 9 Subcutancous 10,000 122-315 1.2-3.2
G3 4 45-48 Subcutaneous 24,000 30-183 0.1-0.8

* Inoculation of group G1 was done by intact eggs and those of other groups by hatched oncospheres‘
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Tig, 1. Cysticesci of Taenin saginata asiatica in gerbils at 48 weeks post-infection. (A) Cysticerci seen in the subcutaneous tissue at the
' inoculated site. {B) The evaginated 48-week-old cysticerci.

The ‘_o"tal“l‘exrjgﬂf;,» width of the scolex and diameer of the
suckers” of the 9- and 45-48-week-old cysticerci after
evagination are shown in Table 2. The 45-48-week-old

cysticerci were significantly larger than the 9-week-old

cysticerci in” the total length, width of the scolex and

diameter of
P < 0.0001). . .

Microscopic observations revealed that calcareous
corpuscles were few in 9 week-old cysticerci  but
abundant in 45-48 week-old cysticerd. Many small-
granules aggregates could be seen at the rostellar region
of 9-week-old ‘cysticerci, but only a few aggregates were
observed in the 4548 week-old cysticerci.

*the suckers (Mann-Whitney’s U test,

Dewelopnient of adult worns

Six adult worms of T. X asialica were recovered from 5
of 11 inoculated gerbils (designated gerbil A, B, C, D and
E). All tapeworms were recovered from the anterior part
of the small intestine. The length of the tapeworms varied
from 3 to 40 mm. Genital primordia were observed in the
posterior segments of two worms (worm Al and C1}.
Hooklets were observed in the rostellum of two worms
(worm At and E1) (table 3, fig. 2).

Two human volunteers orally inoculated with cysticerci
shed strobila or segments of T. X asiatica in their facces.
Gravid proglottid excretion of volunteer A was found
from 95 to 122 {(number of proglottids excreted in a day
ranging from 0 to 3) and that of volunteer B was found
from 105 to 125 (ranging from 0 to 35 proglottids) DFL.
The prepatent periods of T.% asiatica infection in the two

human volunteets were 95 and 105 days, respectively. The
two human volunteers were dewormed using atabrine at
122 (expulsion of three worms) and 125 {expulsion of four
worms) DPJ, respectively.

Discussion

- Mongolian gerbils have been used as a rodent models
for the development of human taeniids., Geerts el al.
(1981/1982) and Wouiters el al, (1988) reported that the
metacestode of T. W saginata could be recovered from
Mongolian gerbils which were subcutaneously inocu-
lated with hatched oncospheres but not from gerbils
intraperitoneally inoculated.  Although we did nol

inoculate the hatched oncopheres of T. ) asiatica

intraperitoneally into gerbils, the present result concurred
with the finding that metacestodes could be recovered
from gerbils subcutaneously inoculated with hatched
oncospheres. This indicates that the subcutaneous tissue

of the Mongolian gerbil may present a suitable site for

oncosphere development. v .
Morphological observations of 45-week-old cysticerci
recovered from gerbils showed a similar development to
those from SCID mice; the width of scolex of the cysticerci
after evagination were similar to those from SCID mice,
but the total worm length and the diameter of the suckers
were smaller than these from SCID mice (Chang el al,
2005). In addition, calcarcous corpuscles were abundant
in the neck region and few small granules aggregated in
the rostellum of the cysticerci from the gerbils. These
morphological features are considered as important

Ole,efe Table 2. Morphomettics of Taenia siginata asiatice cysticerct recovered from gerbils subtutancously inoculated with ancospheres.

Number Diameter
Age of cysticerc of gerbils Total length Width of scolex of sucker No. of calcarcous
(weeks) examined (um) (Mean * 5I)) {pm) (Mean =+ 517) {ppm} {(Mean * 5D) corpuscles
9 1= 34 2,100 * 410 530 + 80 170 £ 40 Few
45:-48 =44 660 = 60 280 + 40 Abundant

4,860 + 750

—-147-
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Table 3. Morphometrics of the six adult worms of Taenia saginata asiatica recovered from gerbils.

Genital

Gerbils Tapeworms Length (mm) No. of proglottids Primordia Hooklets
A Al 40 154 + +

. A2 [ 6 0‘ - -
B Bl 3 0
C Ci1 35 147 + -
D D1 4 0 - -
E El 5 0 - +
* Proglottids were undetectable.

criteria for determining the maturity of cysticerci (Chang
el al., 2005). Thus, 45-48-week-old cysticerci recovered
from gerbils in the present study were well developed
and infective to humans.

dda@ Adult worms of T. X saginata and T. solium had been

olelete

delete

reportedly recovered from immunosuppressed gerbils
after oral inoculation with cysticerci derived from cattle
and pigs, respectively (Kamiya ef al., 1990; Maravilla
et al., 1998). However, the adult stage of T. solium could
not be recovered from Mongolian gerbils orally
inoculated with cysticerci derived from SCID mice
(Wang o al., 1999). These reports suggested that the
infectivity of cysticerci from alternative intermediate
hosts might be much lower than those derived from
the natural intermediate hosts. However, the adult
stage of T. & asiatica was recovered from gerbils and
gravid proglottids were observed in the faeces of
human volunteers after oral inoculation with cysticerci
derived from gerbils in the present study. Since Wang
el al. (1999) did not state the maturity of the cysticerci
used, the failure to establish experimental infections in
this case might be due to immaturity of the cysticerci.
Thus, the present study is the first demonstration of
the infectivity of human-infecting Taenia. cysticerci
derived from gerbils to gerbils and humans.
Immature proglottids have been observed in the adult
stage of T. solium and T. ¥ saginala recovered from
Mongolian gerbils on day 14 and 23 after oral inoculation

S PN .
("b‘, o o
N

with cysticerci (Kamiya et al., 1950; Maravilla ef al., 1998).
In the present study, immature segments with genital
primordia were observed in the posterior segments on
day 14 after oral inoculation. This indicates that the
development of T. R asiatica in gerbils is as good as those
of the other two human taeniid cestodes. Morphological
features of T. & asiatica were described completely by Fan
et al. (1995). Generally, no hooklets could be observed in
the rostellum of T. w asiatica (Fan, 1988; Eom & Rim, 1993).
However, rudimentary hooklets were observed in two
specimens of the tapeworms in the present study. Thus,
rudimentary hooklets might still be present in the
rostellum of T. ®& asiatica during the early phase of
infection.

In conclusion, the present results show that full mature
infective cysticerci can be obtained and maintained for at
least 48 weeks in gerbils under laboratory conditions.
Moreover, these cysticerci can develop into the adult
stage not only in humans but also in rodent alternative
definitive hosts, suggesting that this experimental model
might be useful for studying T. £ asiatica in the laboratory.
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