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Leptospirosis in
Squirrels Imported
from United States

to Japan

Toshiyuki Masuzawa,* Yoshihiro Okamoto,*
Yumi Une,t Takahiro Takeuchi,}
Keiko Tsukagoshi,i Nobuo Koizumi,§
Hiroki Kawabata,§ Shuji Ohta,j
and Yasuhiro Yoshikawa#

We diagnosed leptospirosis in 2 patients exposed to
southern flying squirrels imported from the United States to
Japan. Patients worked with exotic animals in their
company. Leptospira isolates from 1 patient and 5 of 10
squirrels at the company were genetically and serological-
ly identical and were identified as Leptospira kirschner.

eptospirosis is a worldwide zoonosis caused by infec-

tion with Leplospira interrogans sensu lato species.
Leptospira is mostly transmitted to humans through con-
taminated water or soil and by direct contact with a variety
of infected animals (/-3). To date, a variety of wild ani-
mals have been imported from foreign countries to Japan.
In this study, 2 men working at an animal trading compa-
ny were infected with Leptospira spp. To determine the
source of infection, Leptospira spp. were isolated from
animals in their company and sequenced.

The Cases

An animal trading company in Shizuoka, Japan,
imported 106 southern flying squirrels from Miami,
Florida, on March 27, 2005. Three workers handled these
animals, which were housed 10 animals to a cage. Before
patient 1 became ill, the workers dressed casually and
touched the animals with bare hands in their routine work.
Wild rats (such as Rattus norvegicus or R. rattus) had not
invaded the animal house.

On April 22, 2005, patient 1, a 29-year-old man who
handled a variety of exotic animals at the company, was
hospitalized in Shizuoka Saisei-kai General Hospital with
fever (temperature 40°C), headache, chills, nausea, vomit-
ing, jaundice, and uremia, symptoms similar to those of
locally acquired leptospirosis. Leptospirosis was diag-

*Chiba Institute of Science, Choshi, Japan; tAzabu University,
Sagamihara, Japan; }Shizuoka Saisei-kai General Hospital,
Shizuoka, Japan; §National Institute of Infectious Diseases, Tokyo,
Japan; f[Tokyo Quarantine Station, Kawasaki, Japan; and #The
University of Tokyo, Tokyo, Japan

Emerging Infectious Diseases + www.cdc.gov/eid « Vol. 12, No. 7, July 2006

nosed by polymerase chain reaction (PCR) targeted to the
flagellin gene (flaB) and confirmed serologically with con-
valescent-phase serum by microscopic agglutination test.
The patient was seronegative and PCR-negative for han-
tavirus, which causes symptoms similar to those observed
in the patient. He was treated with an intramuscular injec-
tion of streptomycin (2 mg/day) for 7 days, which is the
recommended treatment for leptospirosis in Japan (4); he
consequently recovered.

On June 1, 2005, patient 2, a 28-year-old man who
worked at the same company, was hospitalized in
Shizuoka Saisei-kai General Hospital with fever (tempera-
ture 39°C), headache, chills, nausea, vomiting, jaundice,
and uremia. The patient had been in contact with imported
animals. He recovered with intramuscular injections of
streptomycin (2 mg/day) for 3 days, followed by treatment
with oral amoxicillin for 3 days.

Leptospira DNA was detected in serum samples from
patient I and whole blood from patient 2 by fluB PCR (3).
Sequences were determined by Prism 3130-avant DNA
Genetic Analyzer (Applied Biosystems, Foster City, CA.
USA). Sequences of flaB detected from both patients were
identical and showed a high degree of similarity to L.
kirschneri.

Diagnosis was performed serologically by microscopic
agglutination test with a panel of Leprospira reference
strains (3). Convalescent-phase serum samples from both
patients reacted to L. kirschneri strain Moskva V and
strains isolated from southern flying squirrels, although
serum collected on the day of hospitalization was negative
in both patients (Table 1). To cultivate Leprospira, a few
drops of blood from patient 2 were placed in several tubes
of Ellinghausen-McCullough-Johnson-Harris medium
supplemented with 2.5% rabbit serum. After 7 days of
incubation at 30°C, Leptospira was detected from the cul-
ture (isolates P5.4, P10.1, P10.2).

To determine the validity of the association between
animals held by the company and the illness, exotic ani-
mals (75 animals, 7 species) housed in the company were
tested. Leptospira was isolated from 5 of 10 kidney cul-
tures (isolates AM1, AM2, AM3, AM7, AMS8) from south-
ern flying squirrels. DNA from the urinary bladders.
including the animals’ urine, was extracted by using pro-
prietary DNA extraction kits (Quick gene, Fuji Film Co.,
Tokyo, Japan). Five of 10 southern flying squirrels were
JflaB PCR-positive (Table 2). Species of the isolates were
identified by using flaB and DNA gyrase B subunit gene
(gyrB) sequencing analysis. We amplified 1.2-kb partial
sequences of gwB by using primers UPITL (5'-
CAyGCnGGnGGnAArTTyGA-3; m: A, G T,or C; r; Aor
G; y: C or T) and UP2rTL (5-TCnACITCnGCrTCnGTC
AT-3n: A, G, T, or C; r: A or G) (6). The isolates obtained
from patient 2 and southern flying squirrels had identical
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DISPATCHES

Table 1. Microscopic agglutination titer of patients’ sera collected while hospitalized and during the convalescent phase

Patient serum
Patient Leptospira strain used as antigen® Hospitalized Convalescent-phase
1 Serovar Grippotyphosa Moskva V <50 100
Animal isolate AM3 <50 800
Animal isolate AM1 <50 800
2 Serovar Grippotyphosa Moskva V <50 200
Animal isolate AM3 <50 200

*Samples were not reactive to a panel of representative serovars, Australis, Autumnalis, Carlos, Bataviae, Cynopteri, Hebdomadis, Copenhageni,
Icterohemorrhagiae, Javanica, Pomona, Pyrogenes, Hardjo, Sejroe, Wolffi, and Tarassovi; serovars Canalzonae, Huanuco, Muslleri, and Valbuzzi bslong

to serogroup Grippotyphosa.

/flaB (data not shown) and gyrB (Figure 1) DNA sequences
and were identified as L. kirschneri. The flaB sequences
from the serum of patient | and whole blood of patient 2
were identical to those of isolates from patient 2 and ani-
mals. Additionally, restriction fragment length polymor-
phism (RFLP) analysis based on pulse-field gel
electrophoresis was conducted (7). These isolates showed
identical RFLP patterns (Figure 2), which suggests that
patients were infected with L. kirschneri from southern
flying squirrels.

To determine serovar of the isolates, a cross-agglutina-
tion test was performed with a panel of hyperimmune rab-
bit serum raised to representative serovars Icterohemorr-
hagiae, Copenhageni. Autumnalis, Hebdomadis, Australia,
Grippotyphosa, Javanica, and Castellonis, which are pres-
ent in Japan. These isolates reacted with anti-
Grippotyphosa serum but not with the others (data not
shown). Convalescent-phase sera from patients reacted
with Leptospira isolates from the squirrels and also with
serovar Grippotyphosa strain Moskva V (Table 1).

On April 24, the local health government prohibited the
company from trading animals and directed them to use
protection, such as latex gloves and disinfection of the
floor with sodium hypochlorite, against infection. On June

Table 2. Detection and isolation of Leptospira from imported
animals in the company

No. samples positive/
no. samples tested

Animal _ Kidney culture flab PCR
Spiny mouse 0/8 /e
(Acomys cahirinus)

House mouse 0/4 0/4
(species unknown)

Golden spiny mouse ons 013

(Acomys russatus)

Mongolian gerbil 08 0/8
(Meriones unguiculatus)

Southern flying squirrel 510* 510"
{Graucomys volans)

Baluchistan pygmy jerboa 0/20 0/20
(Salpingotulus michaelis)

Siberian chipmunk 0/10 0/10

(Tamias sibiricus)

*Faur of 5 culture-positive animals were positive by polymerase chain
reaction (PCR). Remaining culture-positive animat was PCR negative,
whereas 1 culture-negative animal was PCR positive.
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2, all southern flying squirrels were euthanized by carbon
dioxide, and the animal house was disinfected by the local
health government. PCR detected fluB DNA on the surface
of the squirrels’ bodies and in urine on the soaked paper in
the cages; the sequences were identical to those of the iso-
lates. Before the first case was detected, 27 southern flying
squirrels had been distributed to retail pet shops. Sixteen
were returned, 2 died, 7 remained at pet shops, and 2 had
been sold. The 2 sold animals and 7 remaining at the pet
shops were recovered and euthanized. No illness was
reported among persons in contact with these animals.

Conclusions

Serovar Grippotyphosa commonly causes canine lep-
tospirosis (8,9) and infects a variety of domestic and wild
animals in the United States (/0-/3). In Japan, serovar
Grippotyphosa is distributed in the southernmost islands,
the Okinawa archipelago (/4). but not on Honshu Island,
the main island. Patients did not travel to Okinawa or for-
eign countries before disease onset. Our findings support
the conclusion that the patients were infected with L.
kirschneri serovar Grippotyphosa by contact with southern
flying squirrels. Similarly, in the United States, humans
have acquired monkeypox infection from pet prairie dogs,
which had themselves been infected by exotic African

-
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i

AM?Y AHZR3TRE
A2 ABZ53TS8
an3 apzsTss
a7 AB253758
MR AB2sA7SR
P54 ARZSR7SS
101 AB253/%9
2102 AB25ITS9
Vanderhordere ARZ53740 }
199 Neshameukug  AB253751
f Ratmspors AB253748 l
e Grepotyphosa  AB253747 !
l Hebdomadis  AB25J755

& f Atumechs. AR2RITST

0 { 1w0e || Avsum AB253TSE .

i RGA Aszsyrss L. interrogans
lceronaemontagas Ictemt  AB253753

: Copnninmgrn  AB253752

ic H [ T Sheanan ASZSSSS L sanfarosai

18 970 Sammn  AB2537T43 L wadi
w ll Cuamao ABaadra2 L olexunden
i
85

H [ Gasatons  ABIITIG " tarseni

i
¢

: : sriancs ABIGIR
li 1oa

l % w ARZRAZSG L. luner
‘» Semicsrg ABPSA744 L mayen

b Py ABZS2057 L. biflaxa

Figure 1. Phylogenetic tree based on the Leptospira DNA gyrase
B subunit gene (gyrB) sequence. The sequences obtained have
been deposited in DDBJ/GenBank/EMBL with accession numbers
indicated.
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Figure 2. Pulsed-field gel electrophoresis analysis of Notl restric-
tion fragment of Leptospira isolates from patient 2 and southern
flying squirrels. Leptospira cells were lysed. and DNA was digest-
ed with restriction enzyme Nofi in agarose gels. DNA in the gel
was electrophoresed with 1% pulsed-field certified agarose in
0.5x Tris-borate-EDTA buffer under a pulse time of 10 s for 5 h and
30 s for 12 h, followed by 680 s for 7 h at 200 V. Lane 1, AM1; lane
2, AMZ; lane 3, AM3; lane 4, AM7; lane 5, serovar Grippotyphosa
strain Moskva V; lane 6, P10.2; lane 7, P10.1; lane 8, P54,
) phage DNA concatemer is used as a DNA size marker. isolate
AMS8 showed an identical restriction fragment length polymor-
phism pattern to that of others.

rodents (/J3); these findings show that exotic pets represent
a substantial hazard. The outbreak demonstrated how new
infectious diseases could be emerging because of importa-
tion from overseas. If. during shipping and housing of the
animals, the infection were to have expanded among
southern flying squirrels, the infection rates and risk for
humans would have increased. The leptospirosis cases
reported here warn against importing exotic animals.
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Primer Sequence (5°-3’) Position Origin
UP1TL CAYGCNGGNAARTTYGA 301-320 Ictero No. 1
UP2rTL TCNACRTCNGCRTCNGCTAT 1520-1502 Ictero No. 1
LavrF GGTCTTTCCGGAGAAGATG 940-958 Ictero No. 1
LavrF4 AAAGAAAAATTAGTGAACGC 1024-1043 Ictero No. 1
LavrR GAATTGAATTGAGGTTGAGG 1016-997  Ictero No. 1
LavrR3 TTMCCNGGAAGVCCDCCHCC 1232-1213 lIctero No. 1

L-flaB-F1 ~ CTCACCGTTCTCTAAAGTTCAAC 35-57 Akivami A
L-flaB-F2 ~ TGTGCACAAGACGATGAAAGC 66-86 Akivami A
FlaB-710F GAATCTAGAATTCGAGACGCCG  730-709  Akivami A
L-flaB-R1  TGAATTCGGTTTCATATTTGCC 825-804  Akivami A

L-flaB-R2  AACATTGCCGTACCACTCTG 797-778  Akivami A
M13F TGTAAAACGACGGCCAGT
M13R CAGGAAACAGCTATGAC

(M=AorC,R=AorG, Y=CorT,V=AorCorG,N=AorCorGorT)

32 AT HEMDLTFRAESOEH (200645 )

g HAREESY | BE3&E | faB —PCR |faB Sequecnes
T — 20 0 0
JMTFLFRR'S 10 0 0
YRR YT UNLAS~ 20 0 0

ATy LIV 10 0 1 L. alexanderi
YA 20 0 0
ESE—TxLIRT 10 0 0
TR 10 0 0
T— LT NLRE— 20 0 0
OAROATAF—/ LR Z 20 0 0
)T iNd R B 10 0 0
IVAENYRXI 1 0 0
£t 151 0 i
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Abstract

The development of metacestodes and adult worms of Tuenia 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-
infection 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 residual
rostellum were observed. The results indicate that gerbils can serve as an
alternative intermediate host and that partial development of the adult worm

DOL 10.1079/JOH2005333

stage occurs in gerbils.

Introduction

Human taeniasis caused by Taenia asiatica (Bowles &
McManus, 1994; Fan et al., 1995) has been reported in
Taiwan, China, Korea, Indonesia, Thailand, Philippines,
Malaysia and Myanmar (Fan et al., 1990a, 1992; Bowles &
McManus, 1994; Simanjuntak et al., 1997; Zhang et al,
1999; Fan, 2000; Eom & Rim, 2001; Tto ef al., 2003). Adult
worms of T. asiatica develop only in the human intestine
but its metacestodes can develop in a wide range of
intermediate hosts, such as pigs, wild boars, cattle, goats
and monkeys (Fan et al., 1990c). Taenia asiatica has been
proposed to be a new species (Eom et al., 2002; Ito ef al.,
2003).

*Author for correspondence
Fax: +81-11-706-5196
E-mail: oku@vetmed.hokudai.ac.jp

Recently, T. asiatica metacestodes have been reported to
develop in SCID mice (Ito et al., 1997; Ito & Ito, 1999).
Compared to SCID mice, Mongolian gerbils do not
require any special facility, and they have been used as
animal model for many parasites. For human Taenia
species, only T. saginata metacestodes (Belgian isolate and
African isolate) had been reported to develop in gerbils
subcutaneously inoculated with hatched oncospheres
(Geerts et al., 1981/1982; Wouters et al., 1988), and no
study has been done with T. asiatica. Thus, in the first part
of this study, Mongolian gerbils were orally inoculated
with eggs or subcutaneously injected with hatched
oncospheres to examine whether the animal can serve
as an alternative intermediate host.

Mongolian gerbils have been reported to serve as
alternative definitive hosts for T. solium and T. saginata
(African isolate) after oral inoculation with cysticerci
derived from their natural intermediate hosts (Kamiya
et al,, 1990; Maravilla et al., 1998). Moreover, golden
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hamsters have been reported to serve as alternative
definitive hosts for T. solium after oral inoculation with
cysticerci derived from SCID mice (Wang et 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. asiatica 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
et al., 1990b).

Development of metacestodes

Embryophores were removed by 20 min 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 et al., 1984). The released oncospheres
were washed 5 times with sterile physiological saline
containing antibiotics (penicillin G: 400 TUsml ™", strep-
tomycin: 1 mg ml™?). 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 oncospheres. 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 Gl and G2 was subcutaneously injected with
2.5mg prednisolone acetate (Tong Yong Pharmaceutical,
Shanghai, China) once a week from 4 days before
inoculation to 38 days post-inoculation (DPI) (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
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 DPI 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).

The total length, width of the scolex and diameter of the
suckers of the 9- and 45-48-week-old cysticerci after

Table 1. Recovery of metacestodes from gerbils subcutaneously inoculated with oncospheres and those orally inoculated

with eggs of Taenia asiatica.

Metacestode
Gerbils Inoculation recovery
Inoculation Inoculation
Group Number Weeks post-infection route dose* Number Rate (%)
G1 5 9 Oral 12,000 0 0
G2 5 9 Subcutaneous 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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Fig. 1. Cysticerci of Taenia 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.

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 the suckers (Mann-Whitney's U ftest,
P < 0.0001).

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

Development of adult worms

Six adult worms of T. asiatica 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 Al and E1) (table 3, fig. 2).

Two human volunteers orally inoculated with cysticerci
shed strobila or segments of T. asiatica in their faeces.
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) DPL
The prepatent periods of T. asiatica infection in the two
human volunteers 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) DPI, respectively.

Discussion

Mongolian gerbils have been used as a rodent models
for the development of human taeniids. Geerts et al.
(1981/1982) and Wouters et al. (1988) reported that the
metacestode of T. saginata could be recovered from
Mongolian gerbils which- were subcutaneously inocu-
lated with hatched oncospheres but not from gerbils
intraperitoneally inoculated. Although we did not
inoculate the hatched oncopheres of T. asiatica intraper-
itoneally into gerbils, the present result concurred with
the finding that metacestodes could be recovered from
gerbils subcutaneously inoculated with hatched onco-
spheres. This indicates that the subcutaneous tissue of the
Mongolian gerbil may present a suitable site for
oncosphere development.

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 was similar to those from SCID mice,
but the total worm length and the diameter of the suckers
were smaller than those from SCID mice (Chang et al.,
2005). In addition, calcareous 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
criteria for determining the maturity of cysticerci
(Chang et al., 2005). Thus, 45-48-week-old cysticerci

Table 2. Morphometrics of Taenia asiatica cysticerci recovered from gerbils subcutaneously inoculated with oncospheres.

Number Diameter
Age of cysticerci of gerbils Total length Width of scolex of sucker No. of calcareous
{weeks) examined (um) (mean = SD) (um) (mean = SD) (um) (mean = SD) corpuscles
9 n=234 2,100 = 410 530 = 80 170 = 40 Few
45-48 n=44 4,860 = 750 660 = 60 280 = 40 Abundant
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Table 3. Morphometrics of the six adult worms of Taenia 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 Ct 35 147 + -
D D1 4 0 - -
E El 5 0 - +

* Proglottids were undetectable.

recovered from gerbils in the present study were well
developed and infective to humans.

Adult worms of T. saginata and T. solium had been
reportedly recovered from immunosuppressed gerbils
after oral inoculation with cysticerci derived from cattle
and pigs, respectively (Kamiya et 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 et 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
et 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. saginata recovered from
Mongolian gerbils on day 14 and 23 after oral inoculation
with cysticerci (Kamiya et al., 1990; 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. 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. 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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of residual rostellar opening.
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Summary of general activities related to the disease

1a) Types of test(s) in use/or available, purpose of testing (diagnosis*, surveillance, etc.) and
approximate number performed for each purpose

Diaénosis Surveillance
Test Total
Dog Cat | Others Fox Others

ELISA (coproantigen 1240 234 74 198 24 ‘ 1770
detection)
Post-mortem - - - 45 1 46
examination
Faecal examination 931 96 24 244 219 1514

How many confirmed positive results have you reported to the OIE Central Bureau?

From a total of 1240 domestic dogs examined two were positive, of 234 domestic cats one cat have been infected
with Echinococcus multilocularis.

1b) Agent identification

Agent identification is carried out using: EmA9-ELISA (coproantigen detection)

Total number of samples tested: 1770

2. Production, testing and distribution of diagnostic reagents

None.

3. Research especially related to development of diagnostic methods and vaccines

Experimental infections of Mongolian gerbils with E. multilocularis have been conducted for the study of systemic
and cellular immunity to E. multilocularis.

Two candidate parasite-specific molecules whose expression levels may represent the viability/activity status of E.
multilocularis metacestodes were studied under different maintenance conditions.
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