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INTRODUCTION

Hymenolepis nana infection has a cosmo-
politan distribution and is more common in warm
than cold climates. It is prevalent in South Asia
and the Far East (Hsieh, 1970; Cross and
Basaca-Sevilla, 1981; Fan et al, 1982), south-
ern Europe, the region of the former Soviet
Union, India, South America, the southeastern
United States, Hawaii, and most of the islands
of the South and Southwest Pacific (Beaver et
al, 1984).

Although the mouse strain of H. nana is
morphologically similar to the human strain
(Belding, 1965), there is much confusion about
the relationship between these strains. Grassi
(1887) suggested both strains to be varieties of
the parasite. However, Al-Baldawi et al (1989)
failed to infect mice by feeding them eggs of the
human strain of H. nana, while Ferretti et al (1981)

succeeded in infecting mice with the human
strain. In order to shed light on this topic, we in-
fect ICR mice with the human strain of H. nana.
The purposes of our study were to: (1) determine
the susceptibility of ICR mice to the human strain
of H. nana, (2) make measurements of H. nana
(human strain) in ICR mice, (3) make measurements
of H. nana in autoinfected ICR mice, and (4) evalu-
ate for the presence of H. nana eggs in the feces
of those ICR mice.

MATERIALS AND METHODS

Egg collection

A survey of intestinal helminthic infections
was conducted in the Sanming district, Kaohsiung
County, southern Taiwan. A four-year old aborigi-
nal girl was found to be infected with H. nana. A
positive sample of feces was obtained from the
infected girl and brought to our laboratory in
Taipei.

Mice

ICR mice, bred in the Animal Center, Na-
tional Yangming University, were used. These
mice were 25 days old. They were kept in the
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animal room of our department and were allowed
to feed ad lib on a standard diet and water. Plas-
tic cages with iron wire covers and sawdust bed-
ding were used, and cleaned once every other
day. Before experimental infection, a single stool
specimen from each mouse was examined. Only
the ones with negative results were included in
the present study.

Experimental infection and feces examination

The eggs of H. nana were collected by the
sedimentation method. Each mouse was inocu-
lated orally with 20, 30, or 60 eggs using a dis-
posable 1 ml syringe connected to a special long
needle (8 cm). After infection, the feces were ex-
amined by the sedimentation method daily start-
ing on day 5 after inoculation in order to find the
eggs of H. nana. The first appearance of the pre-
patent period and the intermittent finding pat-
tern of eggs were determined.

Sacrifice and examination

At various intervals 19-65 days after inocu-
lation, the mice were sacrificed by cervical dis-
location. The abdominal cavity was opened, the
gastrointestinal canal from the anterior end of
stomach to the posterior end of rectum was re-
moved and placed in a large Petri dish (15 cm)

filled with normal saline, and then placed in a
refrigerator (5ºC) overnight. The next morning, the
gastrointestinal canal was taken out and dissected
carefully and the worms were collected. The num-
ber was recorded and fixed with a 10% formalin
solution. Before measuring, the worms were de-
hydrated directly with absolute ethyl alcohol for 10
minutes twice, cleared in m-kresol (Merck-
Schuchardt) then placed on a microscope slide
(25 x 75 mm), covered with a coverslip (24 x 50
mm) and examined under an optical microscope.
The scolex, length and width of the worms, and
number and length of immature, mature and gravid
segments, and number of hooks on the scolex in
each of the ICR mice were measured and counted.
In the meantime, the above figures were obtained
for each mouse, including those with autoinfec-
tion. Natural autoinfection was considered to oc-
cur in the mice with abundant cysticercoids and
immature worms in the intestinal canal (Sano et al,
1975).

RESULTS

Susceptibility

Each of the 67 ICR mice inoculated with
20, 30, or 60 H. nana eggs was sacrificed and
examined 19 to 65 days after infection and 43

Table 1
 Hymenolepis nana (human strain) infection in ICR mice.

No. of No. of Day of No. of Infection No. of Worm Eggs found
eggs fed/ mice infection mice rate (%) worms recovered the 1st time

mouse   autopsied  infected   recovered (%)  (days)

30 13 54-65 5 50 60 20 NDa

30 8 23-33 7 88 15 6 ND
60 3 19 3b 100 116 64  7
20 3 52 2 67 8 13 18
20 5 22 5 100 15 15 19
20 3 23 3 100 6 10 19
20 5 22 5 100 22 22 19
20 5 23 5 100 11 11 19
20 5 24-30 5 100 17 17 19
20 1 23 1 100 1 5 20
20 5 30 1 40 3 3 20
20 5 19-30 1 33 1 2 23
20 4 30 0 0 0 0 0
20 5 19 0 0 0 0 0

20-60 70 19-65 38 39 275 61 7-23

aND = not done; b102 worms were recovered from an infected mouse with 60 eggs caused by autoinfection.
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were found to be infected. A total of 275 worms
were recovered. The infection rate and worm re-
covery rates were 39% and 61%, respectively
(Table 1).

Prepatant period and autoinfection

The eggs of H. nana in the feces were first
found on day 7 postinfection. Autoinfection was
also found in an ICR mouse infected with 60
eggs, and 102 worms were recovered on day
19 postinfection (Table 1).

Measurements of H. nana (human strain) in ICR
mice

Of the 61 worms examined, 43 had a scolex
and 18 did not. The mean number of hooks on
each scolex was 19 (range 16-24). The average
length and width and the mean total number of
segments were 51 mm (range 13-183 mm), 0.6
mm (0.2-1.0 mm), and 1,099 (range 234-2,222),
respectively. The mean length and number of im-
mature segments were 9 mm (range 3-41 mm)
and 390 (range 86-933), mature segments 20
mm (range 3-88 mm) and 390 (range 69-984),
and gravid segments 22 mm (range 2-62 mm)
and 295 (range 34-840), respectively (Table 2).

Measurements of autoinfected worms

Twenty-six autoinfected worms from an ICR
mouse 19 days after infection were measured.
Of these worms, 13 had a scolex and 13 did

not. The mean number of hooks on each scolex
was 19 (range 17-22). The average length and
width and the mean total number of segments
were 11.5 mm (range 8.1-16.1 mm), 0.3 mm
(range 0.3-0.4 mm), and 189 (125-303), respec-
tively. The mean length and number of imma-
ture segments were 3.9 mm (range 1.6-6.0 mm)
and 41 (range 22-79), mature segments 4.4 mm
(range 3.0-7.0 mm) and 65 (range 42-119), and
gravid segments 3.2 mm (range 1.3-5.2 mm) and
83 (23-149), respectively.

DISCUSSION

H. nana was described by von Siebold in
1852 as a parasite found in man, which he called
Taenia nana. Later Stiles (1906) described H.
fraterna as a parasite in several wild rodents (rats,
mice, etc). These species are morphologically
identical to each other and Grassi (1887) first
suggested that the human and murine strains
were identical. However, Brumpt (1949) regarded
them as separate species. Yamaguti (1959) con-
sidered these two species distinct and indicated
that man and various rodents were hosts for
both.

Although many workers have studied the
specificity of the human and murine strains of
H. nana, they have not reached a satisfactory

Table 3
Comparative development of Hymenolepis nana in rodents.

Length (mm) No. of segments No. of hooklets Reported by

15-25 (rare 45) 200 20-30 Yokogawa et al, 1960
20 200 ND Watson, 1960
15-25 100-120 20-22 Swellengrebel and Sterman, 1941
10-45 100-200 20-30 Piekarski et al, 1962
5-45 Up to 200 20-30 Belding, 1965
20-60 ND 20-27 Itagaki and Itagaki, 1965
50-60 ND 20-27 Wardle and McLeod, 1968
20-40 200 20-30 Faust et al, 1974
20 200 ND Brown, 1975
5-30 (rare 120) 100-200 (rare 1,000) ND Chao, 1983
Up to 40 ND 20-30 Beaver et al, 1984
25-40 200 ND Zamen and Keong, 1994
Seldom exceeding 40 ND 20-30 Schmidt and Roberts, 1989
13-183 234-2,222 16-24 In the present study, 1991

ND=Not done.
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conclusion. Tsuchiya and Rohlfing (1932), Ro-
man (1939), and Ferretti et al (1981) succeeded
in experimentally infecting mice and rats with
human strains of H. nana, however, Woodland
(1924) and Al-Baldawi et al (1989) did not. Ac-
cording to Ferretti et al (1981), the unconvincing
results of Woodland (1924) may be due to the
infective methods used, especially the selection
of experimental animals. In the experimental in-
fection study of Al-Baldawi et al (1989), no eggs
were found in the mouse feces from six groups
of male Swiss albino mice inoculated with hu-
man H. nana of the Basrah strain. In addition,
no worms were recovered at the post-mortem
examination. In attempts to induce cysticercoids
to infect mice, beetles (Tribolium confusum) were
either fed on infected human feces or given H.
nana eggs on filter paper. Both methods were
unsuccessful, as no cysticercoids were recov-
ered six days after exposure to the beetles. In
another study, artificially immunosuppressed
mice were fed with the eggs of the human strain
but again none appeared to become infected
(Andreassen, 1981). Al-Baldawi et al (1989) con-
cluded that the Basrah strain of H. nana is very
host-specific.

In our study, we used ICR mice. We inocu-
lated the mice with a tuberculine syringe con-
nected to a long needle into the stomach. This
technique ensured that the eggs of H. nana could
reach the stomach of the mice. We succeeded
in infecting the ICR mice with the human stain
of H. nana and obtained an infection rate of 69%
with a worm recovery rate of 17%. At the same
time, we obtained the shortest prepatent period
of 7 days. This period is much shorter than those
reported by Belding (1965) (30 days) and Bea-
ver et al (1984) (2 or more weeks).

According to Belding (1965), the adult worm
of H. nana is 5-45 mm long and 0.5-0.9 mm wide
and has as many as 200 segments and 20-30
hooklets on the scolex. Similar findings have also
been reported by other parasitologists (Yokogawa
et al, 1960; Watson, 1960; Swellengrebel and
Sterman, 1961; Piekarski, 1962; Itagaki and
Itagaki, 1965; Wardle and McLeod, 1968; Faust
et al, 1974; Brown, 1975; Chao, 1983; Beaver et
al, 1984; Zamen and Keong, 1994; Schmidt and
Roberts, 1989) (Table 3). In our study, the aver-

age length and width and the mean total num-
ber of segments were found to be 51 mm (range
13-183 mm), 0.6 mm (range 0.2-1.0 mm) and
1,099 (range 234-2,222), respectively. The total
number of segments (1,099) was about five times
more than those previous reported (100-200).
Although the width was similar to those previ-
ous reported, the length was also greater than
those reported by Belding (1965) and Beaver et
al (1984). We also measured the length and num-
ber of the immature, mature, and gravid seg-
ments. These figures are reported for the first
time.

Of the experimentally infected mice, 102
worms were recovered from an infected mouse
with 60 eggs caused by autoinfection. The mean
size of the 26 worms in the mouse with autoin-
fection was 11.5 mm long, 0.3 mm wide and
with 189 segments. In addition, the mean length,
number of immature, mature and gravid proglot-
tides were also demonstrated. In order to ob-
tain more information on autoinfection, we con-
ducted further experimental infections. Autoin-
fection will be the next topic in our study of the
human strain of H. nana in ICR mice.
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