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ABSTRACT: This study was conducted to investigate the susceptibility of 4 strains (AKR, 
CF#l, C3H/He and KK) of inbred mice to infection with Schistosoma japonicum. The worm 
recovery was highest in KK strain (50%), followed by C3H/He (42%) , AKR (42%) and CF #1(38 
%) respectively. The worm burden of the females of strain KK was significantly higher than 
that of the males. The worm maturity was highest in AKR strain (98.1%) and lowest (89.9%) 
in the KK strain. 

INTRODUCTION 

The susceptibilities of species and 
strains of experimental laboratory animals 
to infection with Schistosoma japonicum, 
S. mansoni and S. haematobium have been 
investigated by many workers (SCHUBERT, 
1948; MOORE et al., 1949; STIREW AL T et al. , 
1951; ITo, 1953a, 1953b & 1954; OSHIMA et 
ai. , 1953; MOORE & MELENEY, 1954; KUN
TZ & MALAKATIS, 1955; and others). So 
far, the mouse is considered to be the most 
suitable laboratory animal for use in var
ious experimental schistosomiasis studies. 
However, it is a fact that standardization 
of experimental animals is more frequent
ly overlooked in parasitological studies 
than in other fields of study of various 
infectious diseases. STIREWALT et al. (1965 ) 
compared the penetration and matura
tion of S. mansoni in four strains of 
mice, stating that" The establishment of 
reproducible differences in infections of 
hosts at the subspecific level provides 
basic information for investigation of 
factors which influence penetration and 
maturation and which are thus involved 
in host spe.cificity and innate resistance 
in closely related animals." 

In view of the above, YOSHIMURA (1966) 
·conducted preliminary susceptibility stud
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ies on 11 strains of inbred mice exposed t o 
S. japonicum. T he results obtained indicat
ed the following: (1) four strains. AKR, 
CF #1, A and SM, could serve as suitable 
laboratory hosts for the parasite; (2) 
strain KK gave the lowest worm maturity 
and pairing rate; (3) strain CHlHe had a 
low worm recovery rate but a high worm 
maturity rate; and (4) none of the strains 
had worm recovery rates low enough so 
that they could be used as "resistant" 
control mice. 

This study was undertaken to further 
investigate the susceptibility differences 
of four strains of inbred mice (AKR, CF 
# 1, C3H/He and KK) since the number 
of mice used for the previous study was 
not enough to demonstrate detailed data. 

MATERIALS AND METHODS 

Four strains (AKR, CF # 1, C3H/He and 
KK) of mice were obtained from the 
Institute of Medical Science, University 
of Tokyo. The total number of mice used 
per strain ranged from 16 to 33. Age and 
body weight variations of mice used are 
presented in Table 1. 

S. japonicum cercariae were obtained 
from infected laboratory-raised Oncome
lania hupensis nosophora, originating from 
Kofu, Japan. Twenty snails infected with 
each sex of cercariae were crushed and 
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the liberated cercariae were allowed to 
swim to the water surface. Fifteen cer
cariae of each sex were lifted from the 
water surface with a small loop and 
counted on a glass slide under a dissecting 
microscope. The slide was then inverted 
and placed in contact with the shaved 
and moistened back of the mouse for 30 
minutes. Following exposure, each slide 
was checked microscopically to ensure 
that all cercariae had remained on the 
skin. 

On the 44-45th day after exposure, all 
mice were necropsied_ The worms were 
collected by the use of a perf-O-suction 
technique (RADKE et ai., 1961). After 
perfusion, the liver was removed and 

placed in a plastic tissue press under a 
dissecting microscope to check for worms 
remaining in the hepatic sinuses. The 
crushed liver tissue was then treated to 
remove possible eggs. These eggs were 
collected by sedimentation and placed in 
a hatching flask. The presence of active 
miracidia determined egg viability. 

Worms in which sexual differentiation 
was manifest but incomplete as determin
ed by microscopic examination were re
garded as "immature". The differences 
in worm recovery (mean worm burden 
per mouse) between the strains of mice, 
were determined statistically by the "t" 
test while those in worm maturity deter
mined by the X2 test. 

Table 1. Number of mice used and their age ranges and body weights. 

Strain Sex No. of Mouse age 
mice (week) 

{ 0 15 15- 24 
AKR 

Q. 18 15- 24 

{ 0 10 12-16 
CF# 1 

Q. 6 12- 16 

{ 0 12 11- 12 
C3H/He 

Q. 12 11- 12 

{ 0 11 14- 21 
KK 

Q. 12 14- 21 

SD=Standard deviation 

RESULTS 

Worm recovery rates for the four 
strains of mice and mean worm burden 
per mouse in each strain are presented 
in Table 2. The difference in mean worm 
burden per mouse was barely significant 
(p<0.05) between the KK and CF # 1 
strains. No statistically significant dif
ference was noted between any other 
combinations of mouse strains. 

Difference in worm recovery due to 
mouse sex was examined. The results 
indicated that recovery from female mice 
of strain KK was significantly different 

Mean body SD Maximum Minimum 
weight (g) weight (g) weight (g) 

36.3 3.36 41. 0 31. 0 

31.4 2.72 36.0 27.0 

36.2 2.27 41.0 33. 0 

26.7 0.94 28.0 25.0 

29.5 1.32 32 . 0 27.0 

23.8 l. 27 26.0 22.0 

33.5 2.61 39.0 30 .0 

3l. 9 2.92 38.0 26.0 

compared with that from males (Table 
2; p<0. 05). Such a difference was not 
observed in any of other strains. 

Male and female ratios of the recovered 
worms were 1: 1. 01 for 3 strains (AKR, 
CF # 1 & C3H/He) and 1: 1.13 for KK 
strain. 

Statistical analyses of worm maturity 
shown in Table 2 indicated that both 
strains, AKR and C3H/He, were signifi
cantly greater (p<O.OOl) than KK, how
ever, no significant difference was found 
between any other combinations of the 
mouse strains_ 

Pairing rates were correlated with the 
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worm maturity rates (Table 2), ranging 
from 94. 7 % for AKR to 85.3% for KK 
.strains. 

Miracidia hatching tests revealed that 
,eggs removed from the livers of all strains 
were viable. The number of miracidia 
-shed seemed to be fewer in the CF # 
1 strain than those in other strains but 
no quantitative counts were made. 

DISCUSSION 

Although the number and age of mice 
used in individual strains could not be 
~ontrolled in the present experiments, the 
results obtained generally confirmed the 
previous data (YOSHIMURA, 1966). Worm 
maturity rates are high in both AKR and 
,C3H/He strains, conversely, the worm 
maturity was lowest in KK strain. The 

worm recovery rates obtained were slight
ly different from the previous data, i. e., 
(1) they were low in both CF # 1 (37.7%) 
and AKR (41.6 %) , (2) the reverse was 
true in the KK strain (50. 3 %) . These 
non-uniformities of the data may be due 
to the small number of the mice used in 
the previous experiments. 

YOSHIMURA (1966) reported that KK 
mice, 4 weeks old, produced the lowest 
maturity rate (immature worm: 16.0 %) 
among 11 strains of mice (a fact which 
corresponds to the present data) . Thus, 
it can be assumed that regardless of 
mouse age, the worm maturation occurs 
unsatisfactory in KK strain and is prob
ably due to the genetic constitution of 
the strain KK. 

Concerning the variable infectivity of 

Table 2. Schistosoma japonicum worm recovery and maturity in four strains of mice . 

No. of worms recovered 

Mature (Immature) Percentage maturity 
of worms 

Sex No. of No. of paired Worm burden per Strain of mice ~ ~ Total Mature Immature 
mice used worms (%) mouse (%) 

~ 15 99 99 (3) 201 190 (94 .5) 13.4±5.53*(44.7) 98.5 1.5 
AKR 

~ 18 106 100 (5) 211 200 (94 .8) 11.7±5. 07 (39.1) 97.6 2.4 
................................ __ . __ ...... -.---............................. ------_. __ . __ .............. -.. -.--.------- -.-...... __ ......... --------------.-----_ .... -........ -.-----------------------------------------------------

Total 33 205 199 (8) 412 390(94.7) 12.5±5.34 (41. 6) 98.1 1.9 

~ 10 50 (2) 48 (6) 106 96 (90.6) 10.6±5.22 (35.3) 92.5 7.5 
CF # 1 

~ 6 38 36 (1) 75 72 (96.0) 12.5±4.89 (41. 7) 98.7 1. 3 

Total 16 88(2) 84(7) 181 168 (92.8) 11.3±4.86 (37.7) 95 . 0 5. 0 

~ 12 83 79 (4) 166 158 (95.2) 13.8±3. 71 (46 . 1) 97.6 2.4 
C3H/He 

~ 12 69 66(4) 139 130 (93 .5) 11.6±4.54 (38.6) 97.1 2. 9 
-----_ ............ -.------ ---------------------------------------- -------------------------- -------------------- ----------- ----------------------- -------------------------------

Total 24 152 145(8) 305 288(94.4) 12.7±4.23 (42.4) 97.4 2.6 

~ 11 63 55 (11) 129 108 (83 . 7) 11 .7±7. 0l (39 . 1) 91. 5 8.5 
KK 

~ 12 100 94 (24) 218 188 (86.2) 18. 2±5. 90 (60.6) 89 . 0 11 . 0 

--------------------------------------------------------------------------------------------------------- -_ .. _------------------------------_ .. _----------------"._--------------------------------------------

Total 23 163 149 (35) 347 296(85.3) 15.l±7. 21 (50 .3) 89.9 10 . 1 

* Mean worm burden ± Standard deviation. 
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S. mansoni in several strains of mice, 
STIREWALT et al. (1965) stated that" The 
schistosomes may be influenced during 
either or both of their developmental 
stages: (1) invasion of the host, as cer
cariae penetrate skin; or (2) development 
after entry, the latter affected perphaps 
by production of host antibodies or anti
enzymes, differences in host endocrine 
secretions, state of connective tissue, 
cellular defence mechanisms, etc." Similar 
reasoning may explain the facts that a 
relatively high worm recovery vvas found 
in KK strain in spite of its low worm 
maturity and, conversely, good worm 
maturation always occurred in both AKR 
and C3H/He strains. It is possible that 
schistosome development after penetrat
ing the skin is less successful in the KK 
strain than in the latter two strains, i. e., 
the former may have some factors which 
obstruct worm maturation. The consist
ent finding observed in KK strain may 
help in clarifying the specificity and in
nate resistance of hosts against S. japo
nicum infections. 

The fact that the male mice of strain 
KK gave a significantly lower worm 
burden than the females implies that 
differences in mouse sex in KK strain 
may have some influences 01 recovery 
of schistosome worms. This difference is 
not correlated with their ages since both 
males and females of the strain KK were 
within the same age range, i. e., the 
mice used were 14 weeks old (l) 3, ~ 3), 
15 weeks (l) 4, ~ 3), 17 weeks (l) 2, ~ 
4) and 21 weeks (l) 2, ~ 2) (see also 
Table 1) . PURNELL (1966) exposed mice 
(no description of mouse strain) to S. 
mansoni cercariae, reporting that males 
gave a significantly higher percentage of 
worm recovery than females. OHBA Y ASH I 
& SAKAMOTO (1964) infected KK and NC 
strains of inbred mice with Echinococcus 
multiiocularis, reporting that the females 
of KK strain were significantly more 
resistant to E. multiiocularis infection 
than the males whereas no appreciable 
difference in resistance due to sex was 

found in the NC strain. Both results are 
the opposite of our data, however, it is 
of interest to note that differences in 
responses of male and female mice to in
fection with E. multiiocularis and S. japo
nicum were found in only the strain KK. 
Since the number of each sex of mice· 
available for this study may not be ade
quate to demonstrate reliable data and 
since worm burden per mouse was varia
ble in both sexes, especially in the male 
mice (the variation was the greatest in 
strain KK among the four strains; Table 
2) , further investigations are required to 
determine whether the aforementioned 
findings in KK strain are consistent. 

All of the above data suggest that a 
special attention should be given to 
" strains " when selecting the mouse to 
be employed as the host for the experi
mental infection of S. japonicum, especial
ly in chemotherapeutic studies, since 
there is the possibility that the conclusion 
obtained from such experiments may be 
misled by resistances not only due to the 
strain per se but also due to sex and/or 
age of mice. 
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