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Abstract

The effects of short wave length ultraviolet-irradiation (UVC, 254 nm) on the development of
Trichinella spiralis were studied. Non-irradiated larvae and larvae irradiated with different u.v:-
doses were inoculated orally to 5-wk-old male ICR mice. Intestinal stage adult worms and muscle
stage larvae were recovered at 7 days and 7 wks P.I, respectively. The recovery of both stages of
nematodes was significantly reduced by the irradiation at 2 mJ/cm?. The larvae irradiated by more
u.v. dose greater than 5 mJ/cm? failed to develop to the adult stage and were expelled completely by
2days of inoculation. Abortive infection was confirmed by the absence of muscle stage larvae in mice
inoculated with 5 mJ/cm? u.v.-irradiated larvae. A few mucle larvae were, however, recovered from
mice inoculated with 2 mJ/cm? u.v.-irradiated larvae. In conclusion, it is suggested that T. spiralis
larvae are highly susceptible to u.v. at 254 nm of wavelength.
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Introduction

Outbreaks of trichinellosis were reported fre-
quently in many countries of the world (Yamaguchi
et al., 1985; Ancelle et al., 1985; Dissamarn and
Indrakamhang, 1985; MacLean et al., 1989). There-
fore, prophylaxis against this zoonotic parasite is
eagerly expected. In animal models of schistosomia-
sis mansoni, vaccination with u.v.-attenuated cer-
cariae have been already developed for the analysis
of the protective immunity (Ruppel et al., 1990;
Kamiya et al., 1993). This notion should be also
applicable to the possible development of vaccine
for trichinellosis. Although Stowens (1942) and
Stankiewicz and Jones (1983) reported the effect of
u.v.-irradiation on 7. spiralis, the appropriate at-
tenuation-protocol has not been established as yet.
To address this issue, effect of u.v.-irradiation on
infectivity and growth of Trichinella spiralis was
investigated.
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Materials and Methods

Parasite

Japanese isolate of Trichinella spiralis main-
tained in ICR mice (Yamaguchi et al., 1975) was
used throughout the experiments. Infective muscle-
stage larvae of 7 wks P.I, were obtained from
infected ICR mice by digestion in artificial gastric
juice (0.8% pepsin and 0.8% HCl in 0.85% saline)
for 3 hours at 37°C.

Animals

Male ICR mice were purchased from a commer-
cial breeder (Funabashi Farm, Funabashi, Japan).
Allmice were used at 5 wks of age. All animals were
fed food pellets (CE-2, CLEA) and water ad libitum.
All animal experients in this paper followed the
Guidelines for Animal experimentation of the
Hirosaki University.

U.V.-irradiation of larvae and infection

U.V .-irradiation was carried out according to the
method of Kamiya et al. (1993). Briefly, larval
nematodes, approximately 200 larvae/ml were sus-
pected in 2 mm-deep PBS (phosphate buffered
saline, pH 7.2) in plastic petri dishes measuring 53
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mm in diameter and irradiated by u.v. at 254 nm of
wavelength with an u.v. lamp (Ultraviolet-Products
Inc., California, USA) at a dose rate of 455 ;tW/cm2
at room-temperature. The lamp was allowed to
warm up for more than 20 min prior to use, to ensure
a stable intensity of irradiation. The energy output
was measured with a UVX Digital Radiatiometer
(Ultraviolet Products). Irradiated larvae were inocu-
lated to ICR mice by esophageal intubation within
30 min after the irradiation. The mean number+S.D.
of infecting-irradiated larvae was counted exactly or
calculated from 6 random aliquots. Non-irradiated
larvae were also inoculated in parallel by the same
manner.

Recovery of intestinal worms

Worms were recovered from the small intestine
of mice at 7 days of infection. The small intestine
was slit open and incubated 4 hours in 50 ml of PBS
at 37°C. Then, the worms were counted under a
dissection microscope.

Recovery of muscle-stage larvae

ICR mice inoculated with normal or u.v.-attenu-
ated larvae were killed by ether inhalation 7 wks P.1.
Then, muscle-stage larvae were collected by diges-
tion of muscles with artificial gastric juice and then
the number of larvae was recorded.

Statistic analysis

Statistic significance of the results was calcu-
lated using Student’s ¢-test, with P<0.05 being taken
as the minimal acceptable level of significance.

Results

Recovery of adult worms

According to information on the u.v.-irradiation
of cercariae of Schistosoma japonicum (Moloney et
al., 1985), 1500, 1000, 500, 100, 20 mJ/cm? of
irradiation were applied initially to attenuate the
larvae of T. spiralis. With these doses, the larvae
appeared to be very active in vitro. However, no
worms were recovered from the intestine of mice 7
days P.I. Therefore, we examined the effect of the
reduced doses of u.v.-irradiation (Table 1). After
irradiation with more than 5 mJ/cm? the worms were
not recovered at 7 days P.I. With 2 mJ/cm?-irradia-
tion recovery of worms was reduced significantly.
Furthermore, 5 mJ/cm?-irradiated larvae were not

Table 1 Recovery of adult worms from male ICR mice
inoculated with u.v.-irradiated muscle larvae of
Trichinella spiralis 7 days previously

Number Recovery (%) of intestinal worms
of after u.v. irradiation doses (mJ/cm?)
Experiment
0 2 5 10
I 25+9% 5+2f 0 0
i 336 19447 0 0
I 4916 23+4% 0 0

200 larvae were exactly counted and then inoculated to mice.
*Recovery = (number of worms recovered/no. of worms
inoculated)x100, expressed by meantS.D (n=5).

P<0.01

P<0.001

Table 2 Kinetics of u.v.-irradiated larvae of Trichinella spiralis in intestine of

male ICR mice

Groups Number of larvae Parasite recovery (%) after (hr)
inoculated

/mouse 24 48 72
Normal 19517 55+7* 58+4 54+13 56£10
larvae
5 mJ/cm?-
irradiated 955461 34+15 0.110.1 0 0
larvae

*Recovery = (number of worms recovered/no. of worms inoculated) x 100,

expressed by meantS.D (n=3).
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Table 3 Number of muscle larvae recovered from male ICR mice infected with
u.v.-irradiated larvae of Trichinella spiralis 7 wks previously

Number Number of larvae Dose of u.v. irradiation (mJ/cm?)
of inoculated
Experiment /mouse 0 2 5 10
I 200 81+17 1615* 0 0
11 200 122447 19117 0 0

* 102, meantS.D (n=5).
T P<0.01
$P<0.001

retrieved as early as 48 hours P.1. (Table 2).

Recovery of muscle-stage larvae

Number of muscle-stage larvae deposited after
inoculation with 2 mJ/cm’-irradiated larvae was
significantly lower than that with normal larvae. No
muscle larvae were recovered from mice infected
with 5 mJ/cm?-irradiated larvae 7 wks P.I. (Table 3).

Discussion

The susceptibility to u.v.-exposure differs with
the parasite species (Tromba, 1978; Molan and Al-
Harmani, 1989; Karanis et al., 1991). For instance,
Ruppel ez al. (1990) and Kamiya et al. (1993) have
shown that u.v. dose of 15—18 mJ/cm? was appropri-
ate to attenuate S. mansoni cercariae for the induc-
tion of protective immunity. On the other hand, 80
to 160 mJ/cm? of irradiation was required to attenu-
ate Trichomonas vaginalis (Karanis et al., 1991).
Nevertheless, it is surprising that the development
of T. spiralis larvae was significantly prevented by
an irradiation dose as low as 2-5 mJ/cm?. This
remarkable sensitivity to T. spiralis to u.v. irradia-
tion might be explained by its unique life cycle,
since the parasite is never been naturally exposed to
u.v. during their whole life cycle.

The mechanisms of u.v.-effect on parasite devel-
opment have not been well understood. Since the
larvae exposed to 5 mJ/ecm? u.v.-irradiation were
expelled in a relatively short time (Table 2), it is
likely that the u.v. irradiation might cause an irre-
versible damage to parasite DNA (De Fabo and
Noonan, 1990) or protein synthesis (Wales et al.,
1992). In the present study, 5 mJ/cm? w.v.-attenu-

ated larvae were prevented for further development
and rapidly expelled within 2 days with little patho-
logical changes. Inhibition of protein synthesis was
observed for u.v.- or gamma irradiated cercariae of
S. mansoni and was suggested to be vital for induc-
tion of protective immunity (Wales et al., 1992; H.
Kamiya and J. D. McLaren, unpublished). Taken
together, establishment of an animal model vacci-
nated with u.v. attenuated T. spiralis larvae will
contribute to the development for prophylaxis and
the prevention measures of trichinellosis.

Acknowledgements

We wish to thank Dr. Rashika El Ridi for her critical
reading of the manuscript.

References

1) Ancelle, T., Dupouy-Camet, J., Heyer, F., Faurant, C.
and Lapierre, J. (1985): Outbreak of the trichinosis due
to horse meat in the Paris area. Lancet, 2, 660.

2) De Fabo, E. C. and Noonan, F. P. (1990):
Photoimmunology: ultraviolet radiation effects on the
immune system. Lab. Meth. Immunol., 2, 77-96.

3) Dissamarn, R. and Indrakamhang, P. (1985): Trichino-
sisin Thailand during 1962-1983.Int.J. Zoon., 12,257-
266.

4) Kamiya, H., Ozaki, T., Nakayama, H. and Inaba, T.
(1993): Immunizing potential of ultraviolet-attenuated
cercariae of Schistosoma mansoni in rodent hosts.
Parasitol. Res., 79, 293-296.

5) Karanis, P., Maier, W., Schoenen, D. and Seitz, H. M.
(1991): Studies on the lethal effect of ultraviolet light on
Trichomonas vaginalis. Parasitol. Res., 77, 369-373.

6) MacLean, J. D., Viallet, J., Law, C. and Staudt, M.
(1989): Trichinosis in the Canadian Arctic: Report of
five outbreaks and a new clinical syndrome. J. Inf. Dis.,
160, 513-520.



184

7

8)

9)

10)

11)

Molan, A. and Al-Harmani, K. I. (1989): Resistance
produced in golden hamsters by inoculation with ultra-
violet-irradiated Leishmania donovani promastigotes.
Jpn. J. Parasitol., 38, 113-119.

Moloney, N. A., Bickle, Q. D. and Webbe, G. (1985):
The induction of specific immunity against Schistosoma
Jjaponicum by exposure of mice to ultraviolet attenuated
cercariae. Parasitology, 90, 313-323.

Ruppel, A., Shi, Y. E. and Moloney, N. A. (1990):
Schistosoma mansoni and S. japonicum: comparison of
levels of ultraviolet irradiation for vaccination of mice
with cercariae. Parasitology, 101, 23-26.

Stankiewicz, M. and Jonas, W. (1983): Effect of ultra-
violet irradiation on the infectivity and immunogenicity
of Trichinella spiralis for rats. Wiadom. Parazytol., 29,
445-449.

Stowens, D. (1942): The effect of ultraviolet irradiation
on Trichinella spiralis. Am. J. Hyg., 36, 264-268.

12)

13)

14)

15)

Tromba, F. G. (1978): Effect of ultraviolet radiation on
the infective stages of Ascaris suum and Stephanurus
dentatus with a comparison of the relative susceptibili-
ties of some parasitic nematodes to ultraviolet. J.
Parasitol., 64, 245-252.

Wales, A.,Kusel,J.R. and Jones, J. T. (1992): Inhibition
of protein synthesis in irradiated larvae of Schistosoma
mansoni. Parasite Immunol., 14, 513-530.
Yamaguchi, T., Takahashi, T., Yagisawa, M., Inaba, T.,
Osanai, H., Hanada, K., Maruyama, Y., Sasaki, Y.,
Goto, S., Oobuchi, H., Endo, N. and Terui, Y. (1975):
The first outbreak of trichinosis in Japan. Jpn. Med. J.,
2668, 16-21.

Yamaguchi, T., Ohbayashi, M. and Ooi, H. K. (1985):
Epidemiology of trichinellosis in Japan. In:
Trichinellosis, Kim, C. W, ed., The State University of
New York Press, New York, 274-279.





